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LETTER   OF   TRANSMITTAL 


COMMITTEE  OF  INVESTIGATION  ON 

SMOKE  ABATEMENT  AND  ELECTRIFICATION  OF 

RAILWAY  TERMINALS 


OFFICE  OP  THE  COMMITTEE, 
CHICAGO,  November  22,  1915 

MR.  CHARLES  L.  BERING,  PRESIDENT, 

THE  CHICAGO  ASSOCIATION  OF  COMMERCE: 

SIR: 

Your  Committee  of  Investigation  on  Smoke  Abatement  and  Electrification  of 
Railway  Terminals  in  Chicago  has  the  honor  of  herewith  presenting  its  final  report. 

Since  its  appointment  in  March,  1911,  your  committee  has  given  close  attention 
to  the  subject  in  hand  and  has  had  the  benefit  of  the  advice  and  researches  of  an  able 
staff  of  experts. 

Having  had  at  its  command  ample  resources  and  the  advice  and  assistance  of 
such  expert  counsel  as  it  chose  to  employ,  the  committee  feels  justified  in  hoping  that 
its  report  will  be  of  some  value  in  the  solution  of  a  difficult  civic  problem  not  only 
in  Chicago  but  elsewhere. 

The  committee  has  had  no  difficulty  in  obtaining  the  necessary  data  from  the 
railroads  directly  interested  and  is  under  many  obligations  to  them  and  to  other 
organizations  and  individuals  in  this  country  and  abroad  for  valuable  assistance  and 
advice. 

While  the  committee's  labors  have  consumed  over  four  years  in  time,  it  feels  that 
the  importance  of  the  subject  matter  of  the  investigation  and  the  effect  in  our  own 
city,  and  in  other  terminal  cities,  required  it  to  proceed  cautiously  and  to  form  con- 
clusions only  after  thorough  investigation  and  careful  consideration. 

BY  ORDER  OF  THE  COMMITTEE, 

JESSE  HOLDOM,  CHAIRMAN 
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INTRODUCTION 


THE  CITY  OF  CHICAGO 

1.01  Characteristics  of  a  City  as  Factors  in 
the  Definition  of  its  Problems:    The  significance 
of  any  work  in  the  physical  betterment  of  a  city 
is  measured  to  some  extent  by  the  character  of 
that  city. '  The  abatement  of  smoke,  the  possible 
elimination  of  the  steam  locomotive,  the  electrifi- 
cation of  railroad  terminals,  are  all  matters  which, 
in  the  case  of  Chicago,  present  problems  co-exten- 
sive with  the  city's  activities.     No  interpretation 
of  them  can  be  satisfactory  which  fails  to  take 
account  of  these  activities. 

The  investigations,  the  results  of  which  are 
presented  by  this  report,  concern  the  city  of 
Chicago.  The  various  studies  upon  which  con- 
clusions are  based  have  touched  at  many  points 
the  municipal,  commercial,  industrial  and  domes- 
tic life  of  the  city.  Facts  which  are  fundamental 
to  a  proper  interpretation  of  the  conclusions  set 
forth  are  to  be  found  in  the  city's  history,  its  rate 
of  growth,  its  present-day  activities  and  its  plans 
for  future  development.  The  purpose  of  this  part 
of  the  Committee's  report  is  to  present  these 
aspects  of  the  general  problem. 

1. 02  Early  History:     For    a  century    and  a 
half  after  its  discovery  by  white  men  the  Chicago 
region  was  little  more  than  a  name  vaguely  con- 
nected with  the  wilderness.     A  hundred  years 
ago  Chicago  itself  was  still  a  frontier  fort,  not 
ready  by  two  decades  for  its  incorporation  as 
a  town.     A  single  generation  saw  the  village  of 


fifteen  houses  become  a  city  of  a  hundred  thousand 
inhabitants;  the  following  generation  knew  it  as 
a  great  metropolis,  the  varied  interests  of  which 
were  interwoven  with  the  affairs  of  continents; 
the  third  generation  has  not  yet  passed,  and  Chi- 
cago stands  as  the  second  city  of  the  United  States 
and  the  fourth  of  the  world. 

In  the  early  history  of  this  region  appear  the 
familiar  names  of  the  French  explorers — Mar- 
quette,  Joliet  and  LaSalle.  It  was  LaSalle's 
Italian  lieutenant,  Tonty,  who,  in  1685,  erected 
the  fort  which  was  the  first  building  on  the  site 
of  the  present  city.  The  name  Chicago,  of  uncer- 
tain Indian  origin,  became  at  that  time  associated 
with  the  river,  and  ultimately  with  the  perma- 
nent settlement ;  but  it  was  more  than  a  century 
before  that  settlement  was  actually  begun.  In 
the  meantime,  the  French  ceded  this  region  to 
the  English.  In  1795  the  Pottawatomie  Indians 
made  over  to  the  United  States  a  piece  of  land,  six 
miles  square,  at  the  mouth  of  the  Chicago  River, 
"where  a  fort  formerly  stood."  Here,  at  the 
beginning  of  the  nineteenth  century,  was  built 
another  fort  named  for  the  Secretary  of  War  who 
ordered  its  construction,  General  Henry  Dear- 
born. And  then,  in  1804,  the  first  permanent 
settler,  John  Kinzie,  "the  Father  of  Chicago," 
arrived  and  established  his  fur  trade. 

The  problem  of  the  first  generation  was  two- 
fold; it  involved  the  organization  of  state  and 
city  and  the  elimination  of  certain  factors  unfavor- 
able to  growth.  Illinois  was  organized  as  a  terri- 
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tory  in  1809  and  as  a  state  in  1818.  Chicago  was 
incorporated  as  a  town  in  1834  and  was  made  a 
city  in  1837.  But  the  advantages  of  citizenship 
were  limited  by  the  slight  degree  of  protection 
afforded  by  the  state  and  city  and  by  the  lack  of  a 
favorable  environment.  With  the  close  of  the 
War  of  1812  the  hostile  attitude  of  the  British 
toward  American  expansion  ceased  to  be  a  matter 
of  apprehension,  but  the  Indians  were  a  constant 
menace.  In  1812  they  perpetrated  the  terrible 
massacre  at  Fort  Dearborn,  and  for  twenty  years 
thereafter  fear  of  the  savages  held  back  the  tide 
of  immigration.  Between  1830  and  1840,  how- 
ever, the  Indian  tribes  were  removed,  one  after 
another,  to  the  Indian  territory;  and  with  the 
immediate  influx  of  eager  colonists,  the  growth  of 
Chicago  was  fairly  begun. 

1.03  Transportation  Problems :    Although  in- 
ternal conditions  were  still  most  primitive,  the 
record  of  the  year  1848  illustrates  in  a  striking 
manner  the  city's  energy  in  dealing  with  the  great 
problem  of  transportation.     Prior  thereto,  ninety 
miles  of  plank  road  had  been  built  and,  as  a  result 
of  this  improvement,  70,000  wagon-loads  of  pro- 
duce were,  in  that  year,  brought  into  the  town. 
By  the  completion  of  the  Illinois  and  Michigan 
Canal,   connecting  the  Chicago  River  with  the 
Illinois  River  at  a  point  near  the  head  of  naviga- 
tion,  a  waterway  from   Lake   Michigan  to   the 
Mississippi  was  opened.     A  National  River  and 
Harbor  Convention,  organized  and  assembled  in 
Chicago  some  months  earlier,  had  its  influence 
in  a  movement  which  resulted  shortly  in  securing 
Federal   support   for   these   great  transportation 
interests.     Finally,  toward  the  close  of  the  year 
in  question,   1848,  the  first  locomotive  steamed 
out  of  Chicago.     In  the  next  decade,   1850-60, 
rail  connections  were  completely  established  with 
the  Atlantic  Seaboard,  with  the  productive  agri- 
cultural  centers   of   the  Mississippi   Valley  and 
with  points  in  Illinois  as  far  south  as  Cairo.     As 
a  result  of  its  improved  facilities  in  transporta- 
tion the  city  developed  from  a  retail  to  a  wholesale 
market,  it  became  a  center  of  distribution  between 
Eastern  factories  and  Northwestern  sources  of  raw 
products  and  it  established  itself  as  a  world  city. 

1.04  Territorial  Growth:     Chicago  began  offi- 
cial life  on  an  area  of  two  and  a  half  square  miles. 
It  has  extended  its  boundaries  in  nearly  every 
decade  of  its  history.     The  largest  single  annexa- 


tion was  that  of  June  29,  1889,  in  which  the 
added  territory  included  a  part  of  the  town  of 
Cicero,  the  city  of  Lake  View,  the  towns  of  Jeffer- 
son and  Lake  and  the  village  of  Hyde  Park,  an 
area  of  about  126  square  miles,  with  an  estimated 
population  of  210,700.  Other  annexations  in- 
cluded territory  varying  in  extent  from  small 
fractions  of  a  square  mile  to  more  than  eleven 
square  miles.  Some  of  these  annexations  had  no 
population ;  three  of  the  largest  had  populations  of 
from  11,000  to  12,600. 

A  summary  of  the  city's  growth  in  area,  and 
of  its  ratio  of  increase,  is  set  forth  by  table  I. 

TABLE  I.     TERRITORIAL  GROWTH  OF  CHICAGO;  AREA  AND 
RATIO  OF  INCREASE 


Year 

Area 
Sq.  Miles 

Increase  in 
Area 
Sq.  Miles 

liritio  of  Imwisr 

Decade 

Total 

1835 
1850 
1860 
1870 
1890 
1910 

•>..  -,.-,() 
9.760 
17.998 
35.756 
169.836 
190.638 

1.00 
3.83 
1.84 
1.99 
4.75 
1.12 

1.0(1 
3.83 
7.06 
14.02 
66.60 
74.76 

7.210 
15.448 
17.758 
134.080 
20.802 

1.05  Growth  in  Population :  The  basis  of  the 
population  of  Chicago  is  Anglo-Saxon,  Scotch  and 
Teutonic.  The  early  settlers,  sturdy,  far-seeing 
and  persistent  in  their  struggle  with  the  wilder- 
ness, came  chiefly  from  New  York  and  New  Eng- 
land. The  people,  therefore,  who  created  the 
city  belonged  to  that  distinctive  racial  combina- 
tion which  is  recognized  as  American. 

Statistical  records  of  the  population  of  Chicago 
are  available  for  the  period  which  has  elapsed  since 

TABLE  II.  GROWTH  IN  POPULATION  OF  CHICAGO 


1850  t 

3  1910 

Future 
Estimated 

Population 
1920  to  1950 

Year 

Population 

Year 

Population 

1850 
1860 
1870 
1880 
1890 

29,375 
109,260 
298,977 
503,185 
1,099,850 

I'.I-'O 
I'.liiO 

1940 
1950 

2,728,434 
3,307,487 
3,927,076 
4,594,418 

1900 

1,698,575 

1910 

2,185,283 

.... 

1850.*  For  the  present  purpose  it  will  suffice  to 
show  the  increase  in  the  city's  population  since 
that  year  and  to  present  an  estimate  of  its  future 
growth.  Growth  in  population  is  a  function  of 
the  birth  rate,  the  death  rate,  migration,  immi- 
gration and  other  similar  influences.  A  study 
based  upon  all  these  factors  has  resulted  in  the 
estimatest  presented  in  table  II. 

*  From  these  records  the  Committee  has  compiled  an  elaborate  statement 
covering  fully  the  various  influences  which  have  affected  the  population,  and 
has  set  forth  a  complete  analysis  of  the  effect  upon  population  of  migration, 
emigration  and  immigration.  This,  with  additional  facts  bearing  upon  terri- 
torial growth,  is  presented  in  the  Appendix. 

t  For  the  basis  of  the  estimates  see  Appendix,  section  701 . 24. 
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i. 06    Chicago  as  a  Manufacturing  Center:    In 

the  number  of  its  manufacturing  establishments, 
the  amount  of  capital  invested  in  manufacturing 
and  the  value  of  its  manufactured  output,  Chicago, 
among  the  cities  of  the  United  States,  now  stands 
second  only  to  New  York.  Its  advancement  as 
a  manufacturing  center  has  been  rapid.  In  1860 
it  held  seventh  place,  with  but  469  factories 
against  New  York's  4,375.  By  1910  it  had  risen 
to  second  place,  with  9,656  establishments  against 
New  York's  25,938. 

Statistics  dealing  with  the  manufacturing  activi- 
ties of  the  eight  largest  cities  in  the  country,  for 
each  ten-year  period  from  1860  to  1910,  are  shown 
by  tables  III  to  XXIV.  These  indicate  the  num- 
ber of  manufacturing  establishments,  the  amount 
of  capital  invested  and  the  value  of  manufac- 
tured products.  The  relative  rank  of  each  city 
in  the  group  is  shown,  with  the  rate  of  its  own 
increase  during  each  decade.  In  every  case  the 
figures  presented  cover  the  entire  county  in  which 
the  city  is  located,  thus  avoiding  the  complicating 
factor  of  changes  which  would  otherwise  arise 
from  decade  to  decade  in  the  areas  compared. 

TABLE  III.     NUMBER  OF  MANUFACTURING  ESTABLISHMENTS 
EIGHT  LARGEST  CITIES  OF  THE  UNITED  STATES 


TABLE  VI. 


City 

1860 

1870 

1880 

1890 

1900 

1910* 

4,375 
469 

6,298 
1,191 
1,126 
387 
1,050 
1,100 

7,624 
1,440 
8,184 
1,844 
4,579 
1,149 
2,546 
2,759 

11,339 
3,519 
8,567 
1,536 
2,924 
1,055 
3,665 
3,683 

25,403 
9,977 
18,166 
2,095 
6,148 
2,307 
7,942 
5,265 

39,776 
19,203 
15,887 
2,831 
6,732 
2,927 
7,247 
6,359 

25,938 
9,656 
8,379 
1,659 
2,667 
2,148 
3,155 

Philadelphia  

Boston  

Baltimore  

Group  

15,996 

30,125 

36,288 

77,303 

100,962 

56,104 

*  The  general  decrease  in  the  number  of  establishments  for  all  cities  from 

1900  to  1910  was  caused  by  the  fact  that,  in  1910,  the  number  of  hand 
industries  previously  included  in  manufacturing  was  not  taken  into  consid- 
eration, and  the  total  number  of  establishments  includes  factories  only. 

TABLE   IV.     NUMBER  OF  MANUFACTURING  ESTABLISHMENTS 
PERCENTAGE  OF  EACH  CITY  TO  ENTIRE  GROUP 


City 

1860 

1870 

1880 

1890 

1900 

1910 

New  York 

27  35 

25  31 

31   24 

32  87 

39  40 

Chicago  

2  93 

4  78 

9  70 

12  91 

19  02 

17  21 

Philadelphia 

39  37 

27  17 

23  61 

23  50 

15  73 

Pittsburgh  

7  45 

6  12 

4  23 

2  71 

2  80 

2  96 

7  04 

15  20 

8  06 

7  95 

6  67 

4  75 

Cleveland  

2  42 

3  81 

2  91 

2  98 

2  90 

3  83 

6  56 

8  45 

10  10 

10  27 

7  18 

Baltimore  

6.88 

9.16 

10.15 

6.81 

6.30 

4.46 

Group  

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

TABLE  V.     RATIO  OF  INCREASE  IN  THE  NUMBER  OP  MANU- 
FACTURING ESTABLISHMENTS 


City 

1800 

1870 

1880 

1890 

1900 

1910 

New  York 

1  00 

1  74 

2  59 

5  81 

Chicago      .  . 

1  00 

3  07 

7  50 

21  27 

40  94 

20  59 

Philadelphia  

1  00 

1  30 

1  36 

2  88 

2  52 

1  33 

Pittsburgh   .... 

1  00 

1  55 

1  29 

1  76 

2  38 

1  39 

1  00 

4  07 

2  60 

5  46 

5  Qg 

1  00 

2  97 

2  73 

5  96 

7  56 

5  55 

Boston 

i  oo 

2  42 

3  49 

7  56 

6  90 

3  00 

Baltimore  

1.00 

2.51 

3.35 

4.79 

5.78 

2.27 

Group  

1.00 

1.88 

2.27 

4.83 

6.31 

3.51 

RATIO  OP  INCREASE  IN  THE  NUMBER  OP   MANU- 
FACTURING ESTABLISHMENTS 


City 

IH70 

IKMI 

IV,,, 

1900 

1910 

New  York  

l»> 

1     :  • 

.1   33 

.",  22 

3  40 

Chicago 

00 

2  44 

•  93 

11    14 

ft  71 

Philadelphia  

oo 

1  OA 

2  22 

1  94 

1   <)2 

Pittsburgh 

00 

0  83 

1   14 

1  84 

0    'Ml 

si    I.imis  

00 

'.  LI 

1  34 

1  47 

0  58 

Cleveland  

00 

0  92 

2  01 

2  55 

1  87 

00 

1  44 

3  12 

2  85 

1  24 

Baltimore  

(XI 

l  :« 

1.91 

•  30 

(1  01 

Group  

1    IK) 

1     L'll 

2.57 

1.86 

TABLE  VII. 


RATIO  OF  INCREASE  IN  THE  NUMBER  OF   MANU- 
FACTURING ESTABLISHMENTS 


City 

IKKII 

IV,,, 

1900 

1910 

New  York  .  .  . 

1  00 

2  24 

3  51 

2  29 

Chicago  

1  00 

2  84 

5  46 

2  74 

Philadelphia  

00 

2  12* 

1  85 

0  98 

Pittsburgh  

00 

1  30 

1  84 

1  08 

St.  Louis  

00 

2  10 

2  30 

0  91 

Cleveland  

00 

2  19 

2  77 

2  04 

00 

2  17 

1  98 

0  86 

Baltimore  

.00 

1.43 

1.73 

0:68 

Group  

1.00 

2.13 

2.78 

1.55 

•Influenced  by  Centennial  Exposition, 
t  Influenced  by  World's  Fair. 


TABLE  VIII.     CAPITAL  INVESTED  IN  MANUFACTURES. 
RATIO  OF  CHICAGO  TO  NEW  YORK 


1860 
Per  Cent 

1870 
Per  Cent 

1880 
Per  Cent 

IS!  in 
Per  Cent 

1900               1910 
Per  Cent       Per  Cent 

9.10 

30.30 

37.99 

84.42 

57.93             71.24 

TABLE  IX.     CAPITAL  INVESTED  IN  MANUFACTURES. 
PERCENTAGE  OF  EACH  CITY  TO  ENTIRE  GROUP 


City 

1860 

1870 

1880 

1890 

1900 

Mill) 

New  York  

30  67 

23  84 

27  69 

24  86 

34  19 

Chicago     

2  79 

7  23 

10  52 

20  98 

19  80 

Philadelphia 

36  74 

31  93 

28  59 

Pittsburgh  

10  29 

9  96 

9  33 

7  62 

St.  Louis  

6.38 
1  34 

11.08 
2  50 

7.77 
2  97 

8.28 
4  07 

6.01 
3  65 

6.50 

7  28 

8  68 

7  23 

Baltimore  

4.51 

4.78 

5.90 

5.41 

4.34 

3.9B 

Group  

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

TABLE  X.     RATIO  OF  INCREASE  IN  CAPITAL  INVESTED 


City 

1860 

1870 

1880 

1890         1900 

1910 

New  York  
Chicago  
Philadelphia 

.00 
.00 
00 

2.12 
7  07 
2  37 

2.96 

12  36 
2  55 

6.96   ;  '15.06 
64.57       95  85 
'    5  12    '      6  50 

22.29 
174  45 

Pittsburgh  

00 

2  64 

2  98 

6  36    '    11  85 

13  79 

St.  Louis  
Cleveland  '.  .  . 

.00 
.00 
00 

4.74 
5.10 
3  26 

3.99 
7.26 
3  26 

11.14       12.74 
26.05      36  72 

21.16 
84.95 

Baltimore  

.00 

2.89 

4.28 

10.'29    |    12^99 

18.25 

Group  

1.00 

2.73 

3.28 

8.59    !    13.51 

20.78 

TABLE  XI.     RATIO  OF  INCREASE  IN  CAPITAL  INVESTED 


City 

1870 

1880 

1890 

1900 

1910 

New  York 

1  00 

1  39 

3  28 

7  09 

Chicago  

1  00 

1  76 

9  14 

13  56 

24  68 

Philadelphia 

00 

1  08 

2  16 

2  74 

Pittsburgh  

00 

1  13 

2  41 

4  48 

5  21 

St  Louis 

00 

0  84 

2  35 

00 

1  42 

5  11 

7  20 

Boston 

00 

1  00 

2  50 

3  03 

Baltimore  

.00 

1.48 

:;  :,r, 

4.49 

6.31 

Group  

1.00 

1.20 

3.15 

4.95 

7.61 

TABLE  XII.     RATIO  OF  INCREASE  IN  CAPITAL  INVESTED 


City 

1880 

1890 

1900         1910 

New  York 

1  00 

2  35 

Chicago  

1  00 

5  23 

7  76       14  12 

Philadelphia 

00 

2  01 

2  55          3  69 

Pittsburgh  

00 

2  14 

3  98          4  63 

00 

2  79 

Cleveland  

00 

3  59 

5  06     !    1  1  70 

00 

2  50 

Baltimore  

.00 

2.40 

3.03          4.26 

Group  

1.00 

2.62 

4.12    :      6.34 
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TABLE  XIII.     CAPITAL  INVESTED  IN  MANUFACTURES 


City 

1860 

1870 

1880 

1890 

1900 

1910 

New  York 

t  61,212,757 

$129,952,262 

$181,206,356 

$    426,118,272 

$    921,876,081 

$1,364,353,000 

Chicago        

5,571,025 

39,372,276 

68,836,885 

359,739,598 

534,000,689 

971,841,000 

Philadelphia  
Pittsburgh  

73,318,885 
20,531,440 

174.016,674 
54,303,474 

187,148,857 
61,096,069 

375,249,715 
130,622.081 

476,529,407 
243,285,403 

691,397,000 
283.139,000 

12.733,948 

60,357,001 

50,832,885 

141,872,386 

162,179,331 

269,392,000 

2,676,963 

13,645,018 

19,430,989 

69,732,761 

98,303,682 

227,397,000 

14,527,880 

47,311,906 

47,348,384 

118,198,539 

143,311,376 

175,182,000 

Baltimore  

9,009,107 

26.049,040 

38,586,773 

92,723,677 

117,062,459 

164,437,000 

Group  

$199,582,005 

$545.007,651 

$654,487,198 

$1.714.257,029 

$2,696,548,428 

$4,147,138,000* 

*  About  22.5  per  cent  of  the  total  for  the  United  States. 


TABLE  XIV.     RATIO  OF  INCREASE  IN  CAPITAL  INVESTED 


TABLE  XIX. 


City 

1890 

1900 

1910 

New  York            

.00 

2.16 

3.20 

.00 

1  48 

2  70 

PhilaJelphia                                                 

.00 

.27 

1.84 

.00 

.86 

2.17 

.00 

.14 

1.90 

Cleveland                   

.00 

.41 

3.26 

.00 

.21 

1.48 

Baltimore  

.00 

.26 

1.77 

Group  

1.00 

1.57 

2.42 

RATIO  OF  INCREASE  IN  VALUE  OF  MANUFAC- 
TURED PRODUCTS 


City 

1860 

1870 

1880 

1890 

1900 

1910 

1.00 

2.09 

2.97 

4.88 

8.62 

12.76 

1  00 

6  83 

18.37 

49  03 

65.58 

94.51 

Philadelphia     

1.00 

2.37 

2.39 

4.25 

4.44 

5.49 

St  Louis 

1  00 

5  75 

4.14 

8.30 

8.46 

11.90 

1.00 

3.88 

6.97 

16.24 

20.05 

39.00 

1  00 

3.34 

3.37 

5.79 

9.69 

9.17 

1.00 

2.96 

3.46 

5.60 

5.47 

6.30 

Baltimore  

1.00 

2.81 

3.72 

6.72 

7.65 

8.87 

Group  

1.00 

2.78 

3.52 

6.69 

9.01 

12.43 

TABLE  XV.    THE  WESTWARD  MOVEMENT  OF  MANUFACTURING 

IN   THE   LAST  HALF  CENTURY.     CAPITAL   INVESTED. 

PROPORTION  OF  WESTERN  CITIES    TO  GROUP 


Item 

1860 

1910 

$199,582,005 

$4,147,138,000 

Chicago,  St.  Louis  and  Cleveland  
Proportion  three  cities  to  group  
Chicago,     St.    Louis,     Cleveland,    and 

20,981,936 
10.51% 

41,513,376 

1,468,630,000 
35.41% 

1,751,769,000 

Proportion  four  cities  to  group  

20.'80% 

42.24% 

TABLE  XVI.     AVERAGE  CAPITAL  PER  ESTABLISHMENT. 
EIGHT  LARGEST  CITIES  OF  THE  UNITED  STATES 


City 

1860 

1870 

1880 

1890 

1900 

1910} 

New  York  

$13,991 
11.879 

$17,045 
27,342 

$15,981 
19,561 

$16,774 
36.057 

$23,177 
|27  808 

$.52,600 
100,646 

Philadelphia  
Pittsburgh  

11,642 
17,239 
11  309 

21,263 
29,449 
13,181 

21,845 
39,776 
17,385 

*20,657 
62,349 
23,076 

29,995 
85,936 
24091 

82,515 
170,668 
101  009 

Cleveland      

6,917 

11,876 

18,418 

30,227 

:i:i  .->s.-> 

105,864 

13,836 

18,583 

12,919 

14,883 

19  775 

,"i."i  r>2.~> 

Baltimore  

8,190 

9,441 

10,477 

17.611 

18,409 

65.722 

Group  

$12,477 

.•Sl.s.llllJ 

$18,036 

$22,176 

S2ii,7<l'.l 

$73,919 

*  Affected  by  influx  of  industries  following  the  Centennial  Exposition. 

t  Affected  by  influx  of  industries  following  the  Columbian  Exposition. 

J  The  apparently  large  increase  here  indicated  arises  from  the  method  of 
enumeration,  the  number  of  hand  industries  being  eliminated  from  the 
count  as  explained  under  table  III. 


TABLE  XX. 


RATIO  OF  INCREASE  IN  VALUE  OF  MANUFAC- 
TURED PRODUCTS 


City 

1X7(1 

1980 

1890 

1900 

1910 

New  York 

1  00 

1  42 

2  33 

4   12 

6  10 

Chicago                                   .    . 

1  00 

2  69 

7  18 

9  61 

13  85 

.00 

1.01 

1.79 

1.87 

2.32 

St  Louis                   

00 

0.72 

1.44 

1.47 

2  07 

00 

1  80 

4  19 

5  17 

10  05 

Pittsburgh     .              

00 

1.01 

1.73 

2  90 

2.74 

00 

1   17 

1  89 

1  85 

2  13 

Baltimore  

IX) 

1.32 

2  :«t 

2.72 

3.16 

Group  

1.00 

1.26 

•2.  W 

3.24 

4.46 

TABLE  XXI. 


RATIO  OF  INCREASE  IN  VALUE  OF  MANUFAC- 
TURED PRODUCTS 


City 

1880 

1890 

1800 

1910 

New  York 

1  00 

1  64 

2  '10 

4  29 

Chicago 

1  00 

2  67 

3  67 

5  14 

Philadelphia  

.00 

1.78 

1.86 

2.30 

00 

2.00 

2.04 

2  87 

00 

2  33 

2  88 

5  60 

00 

1.71 

2  87 

2  72 

00 

1  62 

1  58 

1  82 

Baltimore  

1.00 

1.81 

2.  Oti 

2.38 

Group  

1.00 

1.90 

2.56 

3.53 

TABLE  XVII.     VALUE  OF    MANUFACTURED  PRODUCTS.     EIGHT  LARGEST  CITIES  OF  THE  UNITED  STATES 


City 

1860 

1870                 i                  1880 

1890 

1900 

1910 

1 

2 

3                                         4 

5 

6 

7 

New  York  

$159,107,369 
13,555,671 

$332,951,520                    $472,926,437 
92,518,742                       249  022  948 

$777,222,721 
664  567  923 

$1,371,358,468 
888  946  311 

$2,029,693,000 
1  281  171  000 

Philadelphia  
Pittsburgh  

135,979,777 
26,563,379 

322,004,517                      324,342,935 
88,789,414                        89  646  825 

577,234,446 
153  738  636 

603,466,526 
257  398  218 

746,046,000 

St.  Louis  

27,610,070 
6,973,737 

158,761,013                      114,333,375 
27,049,012                          48  604  050 

229,157,343 
113  240  115 

233,629,733 
139  849  806 

328,495,000 

37,681,808 

111380840                      130531993 

Baltimore  

21,083,517 

59,219,933                        78,'417i304 

141,723,599 

161,249,240 

186,978,000 

Group  

$428,555,328 

$1,192,674.991                $1,507,825,867 

$2,867,821,399 

$3,861,979,069 

$5,325,255,000 

TABLE  XVIII.    VALUE  OF  MANUFACTURED  PRODUCTS. 
PERCENTAGE  OF  EACH  CITY  TO  ENTIRE  GROUP 


TABLE  XXII. 


City                j    1860 

1870 

1880 

1890 

I'.MNI 

1910 

New  York        .   ...  i    37.13 

27.92 

31  36 

27  10 

35  51 

38  11 

Chicago  3  16 
Philadelphia  31.73 

7  76 

27.00 

16  52 
21.51 

23.17 

20  13 

23  02 
15  63 

24.06 

14  01 

Pittsburgh     .  .        .          6  20 

7  44 

5  95 

.",  :di 

6  66 

4  57 

St  Louis                             6  44 

13  31 

7  58 

7  99 

6  05 

6  17 

Cleveland  1.63 

2.27 

3.22 

3  95 

3  62 

5   11 

Boston                      ,          8  79 

9  34 

8  66 

7  36 

5  34 

4  46 

Baltimore  4.92 

4.96 

5.20 

4.94 

4.17 

3.51 

Group  100.00 

100.00 

100.00 

100.00 

100  00 

100.00 

RATIO  OF  INCREASE  IN  VALUE  OF  MANUFAC- 
TURED PRODUCTS 


City 

1890 

1900 

1910 

New  York 

1  00 

1    7li 

2  61 

Chicago  

1  00 

1  34 

1  93 

Philadelphia    

00 

1   05 

29 

St.  Louis 

00 

1   02 

43 

00 

1  23 

40 

Pittsburgh 

00 

1  67 

58 

00 

0  98 

13 

Baltimore  

1.00 

1.14 

.32 

Group  

1.00 

1.35 

1.86 

INTRODUCTION 


TABLE  XXIII.     PERCENTAGE  OF  GAIN  IN  VALUE  OP 

MANUFACTURED  PRODUCTS 

1900-1910 


City 

Per  Cent 

New  York  .  . 

48 

Chicago                              

44 

Philadelphia  

24 

41 

94 

5» 

15 

Baltimore  

16 

*Loss. 

TABLE  XXIV.      MANUFACTURES.     RANK  OF  CHICAGO 
IN  THE  GROUP 


Items 

ISliO 

1870 

1SMI 

IV.  HI 

I'.ICHI 

1910 

In     number     of      manufacturing 

7th 

7th 

5th 

3d 

2d 

2d 

7th 

6th 

3d 

3d 

2d 

2d 

In  value  of  products  

7th 

5th 

3d 

2d 

2d 

2d 

Figs,  i,  2  and  3  present  statistics  of  manu- 
factures in  the  eight  largest  cities  of  the  United 
States,  for  the  period  from  1860  to  1910,  arranged 
in  diagrammatic  form.  The  exhibit  includes  the 
number  of  manufacturing  establishments,  amount 
of  capital  invested,  number  of  wage  earners  (men, 
women  and  children),  amount  received  by  wage 
earners,  cost  of  materials  used,  and  value  of 
products. 

The  value  of  the  manufactured  products  of 
Chicago  for  1910,  in  terms  of  the  amounts  repre- 
sented by  each  industry,  is  shown  by  table  XXV. 
It  will  be  seen  that  one-fourth  of  the  total,  value 


TABLE  XXV.     VALUE  OF  THE  MANUFACTURED  PRODUCTS  OF 
CHICAGO'S  PRINCIPAL  INDUSTRIES,  1010 


Industry 

Amount 

1325,062,000 
89,669,000 
85,296,000 
74,211,000 
45,984,000 
32,709,000 
26,908,000 
20,892,000 
20,669,000 
20,512,000 
19,939,000 
19,593,000 
19,512,000 
18,942,000 
16,633,000 
15,677,000 
15,359,000 
13,244,000 
12,242,000 
11,487,000 
11,222,000 
10,360,000 
355,049,000 

Lumber  and  timber  products     T  

Bread  and  other  bakery  products  

Cars,  steam-railroad,  not  incl.  operations  of  companies.  . 
Electrical  machinery,  apparatus  and  supplies  

Soap  

Liquors,  malt  

Paint  and  varnish  

Tobacco  manufactures  

Cars,  repairs  by  companies  

Copper,  tin  and  sheet-iron  products  

Confectionery  

All  other  industries  not  enumerated  

All  industries  

Sl.L'M.  171.<>0(P 

of  the  city's  manufactured  products  is  represented 
by  the  slaughtering  and  meat-packing  industries. 
The  value  of  Chicago's  output  in  this  one  industry 
represents  nearly  one-quarter  of  the  total  for  the 
United  States.  The  total  value  of  the  city's 
manufactured  products  constitutes  two-thirds 
of  the  value  of  the  manufactured  products  of 


the  entire  state  of  Illinois,  itself  the  most  impor- 
tant manufacturing  state  west  of  the  Alleghany 
Mountains. 

It  is  of  interest  to  note  the  extent  of  Chicago's 
wholesale  trade  in  connection  with  that  of  its 
manufacturing  industries.  This  trade  in  1912 
amounted  to  about  $2,000,000,000.  The  figures 
for  the  period  from  1902  to  1911,  inclusive,  are 
set  forth  in  table  XXVI . 


TABLE  XXVI.     WHOLESALE  TRADE  AND  MANUFACTURED 
PRODUCTS  OF  CHICAGO.  1002-191 1* 


Year 

Wholesale 
Trade 

Manufactured 
Products 

Total 

1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 

$1,298,200,000 
1,442,437,000 
1,550,270,000 
1,767,304,000 
1,855,600,000 
1,911,268,000 
1,825,263,000 
1,916,526.150 
1,954,860,000 
1,905,989,000 

$1.195,460,000 
1,226,901,000 
1,280,000,000 
1,420,800,000 
1,491,840,000 
1,525,000.000 
1,410,625,000 
1,495,262,500 
1,549,091,000 
1,487,128,325 

$2,493,660,000 
2,669,338,000 
2,830,270,000 
3,188,104,000 
3,347,440,000 
3,436,268,000 
3,285,888,000 
3.411,788,650 
3,503,951,000 
3.393,117,325 

*  Dun's  Review. 

1.07  Chicago  as  a  Mercantile  Center:  Chi- 
cago's location  in  the  midst  of  an  abundant  sup- 
ply of  raw  materials- — -the  coal  of  Illinois  and  Indi- 
ana, the  iron  and  copper  of  Minnesota  and  north- 
ern Michigan,  and  in  earlier  years  the  timber 
of  Michigan  and  Wisconsin — has  determined  its 
character  as  a  manufacturing  city.  Its  posi- 
tion as  the  gateway  to  an  unrivaled  area  of  fertile 
and  rapidly  developing  agricultural  territory  early 
made  it  a  center  of  interchange  for  the  products 
of  the  soil  and  the  output  of  factories.  The 
proximity  of  extensive  food  supplies  and  fuels, 
its  favorable  climate,  the  character  of  its  popula- 
tion, the  possession  of  transportation  facilities 
which  have  the  advantages  of  a  strategic  location, 
and  its  financial  resources,  are  some  of  the  factors 
which  have  influenced  the  development  of  its 
mercantile  interests.  No  large  city  of  the  United 
States  is  situated  as  near  to  the  center  of  popula- 
tion and  of  area  as  is  Chicago. 

Chicago's  receipts  of  live  stock  at  the  Union 
Stock  Yards  for  1911  with  a  statement  of  the  value 
of  such  stock  are  shown  by  table  XXVII. 

TABLE  XXVII.     RECEIPTS  OF  LIVE  STOCK  IN  CHICAGO.  1911* 


Item 

Number 

Valuation 

Cattle 

2,931,831 

$180,206,174 

Calves   

521,512 

5,788,785 

Hogs 

7,103,360 

1  10  037  446 

Sheep   

5,736,244 

24,634,185 

Horses  

104.045 

18.818.100 

Totals  

16,397,492 

$339,484.690 

*  Publication  of  the  Civic- Industrial  Committee  of  the  Chicago  Association 
of  Commerce,  by  George  E.  Plumbe,  1911. 
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The  grain  trade  began  to  center  in  Chicago  as 
soon  as  the  Illinois  and  Michigan  Canal,  the 
Galena  &  Chicago  Union  Railroad  and  lake  freight 
traffic  enabled  successful  competition  with  other 
lake  ports.  With  the  growth  in  volume  of  trade, 
the  necessity  for  storage  at  the  close  of  lake 
navigation  developed  the  city's  grain  elevator 
business  on  a  very  large  scale.  At  the  present 
time  Chicago  handles  more  grain  than  any 
other  city  in  the  world.  Its  grain  receipts  and 
shipments  since  1869  are  indicated  by  table 
XXVIII. 


TABLE  XXX. 


EXTENT  OF  CERTAIN  OP  CHICAGO'S  FINAN- 
CIAL AND  TRADE  ACTIVITIES 


TABLE  XXVIII. 


GROWTH  AND  EXTENT  OF  CHICAGO'S 
GRAIN  TRADE 


Year 

Total  Grain 
Receipts, 
Bushels 

Total  Grain 
Shipments, 
Bushels 

Flour  Manufac- 
tured in  Chicago, 
Barrels 

1869 
1870 
1880 
1890 
1900 
1910 
1912 
1913 

37,235,027 
60,432,574 
165,855,370 
219,052,518 
349.637,295 
294,858,724 
322,008,041 
382,270,000 

31,108,759 
54,745,903 
154,377,115 
204,674.918 
265,552,246 
214,601,080 
244,423,142 
272.S43.000 

232,000 
443,967 
196,041 
430,609 
1,274,776 
1,090,000 
1,108,000 

Chicago's  receipts  and  shipments  of  principal 
commodities  in  1911  and  1912  are  shown  by  table 
XXIX. 


TABLE  XXIX. 


CHICAGO'S  RECEIPTS  AND  SHIPMENTS  OF 
PRINCIPAL  COMMODITIES 


Commodity 

Receipts 

Shipments 

1911 

1912 

1911 

1912 

Pork,  bbl  

9,050 
228,741,800 
42,171,300 
334,932,400 
71,810,800 
160,130,800 
959,500 
37,044,100 
1,059,799 
2,134,567,000 
4,707,325 
5,859,396 
37,118,100 
108,550,500 
94,099.800 

9,737 
153,990,300 
61,228,100 
287,798,800 
55,778,600 
149,058,500 
2,298,500 
44,120,000 
2,008,694 
2,093,305,000 

'7,070,898 
35,914,000 
112,690,000 
118,491,300 

105,913 

:>.-,(),  M'.I.:(IHI 
302,699,100 
285,685,400 
139,688,600 
194,764,900 
165,600 
36,964,200 
523,653 
803,923,000 
3,145,678 
5,781,092 
23,339,500 
87,930,600 
77,428,500 

138,752 
566,627,100 
252,176,100 
271,109,500 
98,691,600 
162,800,300 
409,100 
59,513,500 
671,830 
1,002,373,000 

Other  meats,  Ib  
Lard,  Ib  

Butter,  Ib 

Wool,  Ib  .  .  . 

Hides,  Ib 

Flaxseed,  bu  
Other  seeds,  Ib  
Salt,  bbl     

Flour,  bbl 

6,268,870 
35,726,100 
73,739,100 
102,077.000 

Wheat,  bu  

Oats,  bu  

Trade  involves  financial  activities.  Much  of 
the  money,  credit  and  exchange  necessary  in 
moving  the  crops  not  only  of  the  United  States, 
but  of  Canada,  centers  in  Chicago.  Table 
XXX  shows  some  of  the  more  significant  finan- 
cial transactions  of  1912  and  1913. 

In  bank  clearings  Chicago  leads  all  other  cities 
of  the  United  States  except  New  York.  Its 
relation  to  that  city,  and  to  each  of  the  other 
cities  of  the  United  States  having  a  population 
of  300,000  or  more,  is  shown  for  the  years  1910 
and  1911  by  table  XXXI.  Chicago's  bank 
clearings  for  the  years  1912  and  1913  are  pre- 
sented in  table  XXX. 


Item 

1912 

1013 

Bank  clearing*  

f  18,380,790,641 

$|  .-,  'ml  "ivi  ',71 

Board  of  Trade  clearings 

711  :UN  IKK) 

70  OOO  <X«i 

Bank  deposit*  at  end  of  year  .  .  .  . 

II7.VIOO.IXXI 
8OO  (WXI  (XX) 

l.ooi.ixxi.ixxi 

HO',  (UK}  (XXI 

378  450  000 

4O9  163  874 

Real  estate  transfers,  number  .  .  . 

42,425 

171,32.l.:w.i 

,i  m 

i  U  Mt  '•'  19 

KS.III:(,I»»I 

•         88  920  (too 

Value  of  imported  merchandise  .  . 

30.278.600 
10,670,601 

B3JM4  W 

11  112587 

Bonds  sold,  Stock-Exchange  

13,757.(Xxi 
6  4OO  OOO 

9,315,000 

6  OOO  (XXI 

Grain  receipts  in  bushels  

287,438,00(1 
216  213  (XXI 

332.527.(XX> 
245  11  10  (XXI 

Flour  receipts,  barrels  

7,070,89s 

10,051,000 

6  268  870 

6050000 

Grain  lake  shipments,  bushels.  .  . 

47,608,rt<>0- 

i  v",  :,.s  i 

S4.292.24f) 
207045 

17  (MWi  541 

17999  204 

2  093  3O.1  OOO 

2800  276000 

1  002  373  OOO 

941  821  000 

Receipts  of  live  stock,  head  
Shares  sold,  Stock-Exchange  
Building  permits  issued  

16,487,23.'l 
1,174,931 
11,212 

16,452,807 
990,402 
10.867 

TABLE  XXXI.     COMPARATIVE  STATEMENT  OP 
BANK  CLEARINGS 


City 

1910 

1911 

New  York  

197,274.500,093 

$92,372,812,735 

Chicago 

13,939,689,984 

13,926,709,802 

Philadelphia  

7,689,004,084 

7,691,842,937 

3  727  949  379 

3  859  081  130 

Boston  

8,299,320.162 

8,339,718,582 

1  626  670  299 

1  707  082  328 

Pittsburgh  

2,587,325,785 

2,520,285.913 

Cleveland         ...    . 

1  000,857.953 

1  012  557  805 

Buffalo  

502,826,69(1 

510.876.771 

2,323,772,870 

2  427,075,543 

Detroit  

924,835,008 

968,047,059 

1,251,797,050 

1,277,555,300 

Milwaukee  

658,002,572 

696,732,779 

978,491,235 

1,013,907,823 

Washington  

365,656,582 

369,107,396 

The  record  of  money  orders  handled  by  the 
postoffice  may  be  accepted  as  an  indication  of 
business  activity.  In  respect  to  these,  Chicago 
and  New  York  far  outrank  other  cities  of  the 
United  States.  A  comparative  record  of  the  pos- 
tal money  order  transactions  of  Chicago  and 
New  York  is  shown  by  table  XXXII. 

TABLE  XXXII.     POSTAL  MONEY  ORDER  BUSINESS  OF 
NEW  YORK  AND  CHICAGO  IN  1911 


City 

Total 
Receipts 

Domestic  Money  Orders 

lamed 

Paid 

S24,  190.109.  65 
20.317,374.57 

$14,339.500.72 
11,933,117.03 

$59,075.454.06 
96,605,881.73 

Chicago  

The  receipts  of  the  Chicago  postoffice  for  1912 
amounted  to  $21,625,146;  domestic  money  orders 
paid,  $100,322,444;  certificates  of  deposit  issued, 
$115.335.823;  total  of  transactions,  $249,979,693. 

Chicago's  importance  as  a  lake  port  is  shown 
by  the  extent  of  its  arrivals  and  clearances.  In 
1911  the  arrivals  by  lake  amounted  to  7,935,969 
tons  and  in  1912  to  8,471,023  tons;  the  clear- 
ances amounted  in  1911  to  8,021,036  tons  and 
in  1912  to  8,594,518  tons. 
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Some  of  the  principal  shipments  by  lake  in 
1911  and  1912  are  shown  by  tables  XXXIII  and 
XXXIV.* 

TABLE  XXXIII.     SHIPMENTS  FROM  CHICAGO  BY  LAKE 


Commodity 

1911 

1912 

2  837  725 

2  762,291 

Wheat,  bushels 

14  598  973 

17  523  384 

47  964  537 

24,599,769 

10  759  852 

5  345  172 

10,845 

4,522 

Iron,  manufactured,  tons.  .  . 
Oil,  barrels  

60,015 
643,179 

146,135 
899,038 

Mdse.  unclassified,  tons.  .  .  . 

461,845 

442,222 

TABLE  XXXIV.     RECEIPTS  AT  CHICAGO  BY  LAKE 


Commodity 

1911 

1912 

969  231 

881  380 

560  093 

831  579 

Salt,  tons 

209  134 

166  696 

4,086,276* 

5  558  OOOf 

Iron,  manufactured,  tons.  .  . 

64,660 
4  586 

47,097 
6  449 

280  159  000 

284  596  000 

Shingles,  (M) 

4  816 

1  660 

Lath,  (M)  

6,375 

11  967 

168264 

63  340 

726  050 

320  315 

2  145 

2  525 

2  970 

Copper,  tons  

9  754 

1  245 

M  ,v>N 

SS  ^74 

Green  fruits,  tons  

66,480 

48717 

Wheat,  bushels  

641  883 

3660  712 

58000 

11  116 

Corn,  bushels  

:;n  <KIO 

13  941 

Mdse.  unclassified,  tons.  .  .  . 

781,206 

*  Exclusive  of  1,305,387  tons  received  at  Gary,  Ind. 
t  Exclusive  of  2,073,219  tons  received  at   Gary,  Ind.. 
received  at  Indiana  Harbor,  Ind. 


and  387,914  tons 


The  extent  of  Chicago's  rail  freight  tonnage 
may  be  judged  from  the  number  of  freight  cars 
arriving  at  and  departing  from  the  city  in  a  given 
year.  Table  XXXV  shows  the  number  of  cars 
handled  by  21  railroads  in  1912  (section  203.10, 
tables  CCXVIII  to  CCXXIII,  inclusive).  The 
number  of  cars  received  or  the  number  of  cars 
delivered  annually  is  approximately  three  times 
the  whole  number  of  freight  cars  owned  by  all 
the  railroads  of  the  country,  and  the  total  move- 
ment is  equivalent  to  three  trips  each  year  into 
and  out  of  Chicago  for  every  freight  car  in  the 
country. 

TABLE  XXXV.     CHICAGO'S  RAIL  FREIGHT  TRAFFIC 


Item 

Number 
Care 
1912 

Percentage 
Increase 
1903-1912 

Received   

7,373,603 
7,453,136 

58.9 
59.6 

Forwarded   

Totals    

14,826,739 

59.2 

Lees-than-carload  freight  receiver 
Less-than-carload  freight  forware 

1,  tons  •.  3,207  126 

ed,  tons  5,342,504 

Twenty-five  hundred  package  cars  (cars  carry- 
ing less-than-carload  lots  and  going  through  to 
destination  without  breaking  seal)  leave  Chicago 


•Chicago  Daily  News  Almanac,  1913. 


daily  for  32,000  destinations  which  are  reached 
without  transfer,  or  with  but  one  transfer  and 
that  near  the  point  of  destination.  The  accom- 
panying map,  fig.  4,  suggests  the  extent  of  this 
service.  The  reduction  in  size  of  the  map 
has  made  it  necessary  to  omit  all  except  the 
more  important  points  in  the  territory  near 
Chicago. 

i. 08  The  Population  of  Chicago  and  of  its 
Industrial  Zone :  In  its  study  of  statistics  relating 
to  population  the  Committee  has  sought  to  com- 
pare the  growth  of  Chicago's  population  with  that 
of  the  population  of  three  other  large  centers  of  in- 
dustry. For  this  purpose  it  has  considered  the 
population  of  each  city  and  also  of  an  outlying  area 
including  the  counties  within  a  radius  of  50  miles. 
This  area  including  the  city  in  each  case  is  to  be 
regarded  as  the  industrial  zone  of  the  city  in  ques- 
tion. In  the  case  of  Chicago  the  industrial  zone 
includes  the  counties  of  Cook,  Dupage,  Grundy, 
Kane,  Kankakee,  Kendall,  Lake,  McHenry  and 
Will  in  Illinois,  and  those  of  Lake,  Laporte  and 
Porter  in  Indiana.  For  the  purposes  of  this 
study  the  area  as  defined  for  Chicago  has  been 
divided  into  three  zones,  as  follows :  Zone  A  in- 
cludes the  area  within  the  city  limits  of  Chicago; 
Zone  B  includes  an  outlying  area  between  the 
city  limits  and  the  line  which  marks  the  limits  of 
the  Committee's  Area  of  Investigation  (section 
103.04) ;  and  Zone  C  includes  that  portion  of  the 
industrial  zone,  as  defined  above,  which  lies  out- 
side of  Zones  A  and  B.  Table  XXXVI  shows 
the  areas  of  the  three  zones  and  the  density  of 
population. 

The  population  and  density  of  the  four  largest 
industrial  zones  in  the  United  States,  those  of 
New  York,  Philadelphia,  Boston  and  Chicago, 
are  set  forth  in  table  XXXVII. 

During  the  interval  covered  by  the  last  two 
decades,  1890  to  1910,  the  combined  popula- 
tion of  the  industrial  zones  of  these  four  cities  in- 
creased 68.04  per  cent,  or  from  10,630,579  in 
1890  to  17,863,603  in  1910,  while  the  population 
of  Chicago's  industrial  zone  increased  91.31  per 
cent,  or  from  1,530,135  to  2,927,357. 

The  increases  in  the  population  of  the  similar 
industrial  zones  of  which  New  York,  Boston  and 
Philadelphia  respectively  are  the  centers,  were 
85.20  per  cent  for  New  York,  51.20  per  cent  for 
Boston  and  41.51  per  cent  for  Philadelphia. 
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The  city  6f  Chicago  alone  furnishes  a  much 
larger  proportion  of  the  total  population  of  its 
zone  than  do  any  of  the  three  other  cities,  the 
ratio  for  Chicago  being  71.88  per  cent  in  1890, 
75-39  percent  in  1900  and  74.65  percent  in  1910. 

1.09  Chicago  as  a  Center  of  Transportation 
Activity:  Geographical  conditions  make  the  site 
of  Chicago  a  natural  rendezvous.  Paths  of  easy 
travel,  defined  by  the  configuration  of  the  land 
and  water  areas  of  a  continent,  approach  from 
many  directions.  As  the  chief  port  of  an  inland 


and  West  also  were  early  indicated  by  the  move- 
ments of  the  pioneers.  Whether  they  came  from 
New  England  or  from  the  Middle  States  or  even 
from  the  Southern  States,  the  easiest  pathways 
to  the  great  West  ran  through  Chicago. 

These  are  some  of  the  primary  factors  which 
have  influenced  the  growth  of  the  transportation 
activities  of  Chicago.  Efforts  were  made  in  the 
earlier  years  to  improve  the  natural  facilities  for 
transportation,  and  in  1837  the  state  of  Illinois 
made  provision  for  the  betterment  of  navigation 


TABLE  XXXVI.     COMPARATIVE  POPULATION  (1910).  AREA  AND  DENSITY  OP  ZONES  A,  B  AND  C.  CHICAGO 


Zone 

Population 

Area  (Square  Miles) 

Population  per  Square  Mile 

Total 

Urban 

Rural 

Total 

Incor- 
porated 

Unincor- 
porated 

Total 

Urban 

Rural 

Total 

Per  Cent  of 
Total 
Population 

Total 

Per  Cent  of 
Total 
Population 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

A 
B 
C 

2.185,283 

I'.M.stl'.l 
547.205 

2,185,283 
185,517 
338,830 

100.0 

!).->    -' 

61.9 

'  9',352 

20x,:t7f, 

'-T8 
38.1 

190.6 
237.0 
6,253.4 

l!ll>   Ii 

114.6 

_•>.-,  2 

11.4(15.3 
822.2 
87.5 

11,465.3 
1,618.8 
1.188.0 

n.i 
34.9 

122.4 
5,968.2 

Grand  totals 

2,927,357 

2,709,630 

92.6 

217,727 

7.4 

6.681.0 

.-.!«>    1 

6,090.6 

438.2 

4,589.5 

36.7 

TABLE  XXXVII.     COMPARATIVE  POPULATION  AND  DENSITY  OF  THE  FOUR  LARGEST  INDUSTRIAL  ZONES  IN  THE  UNITED  STATES 


Year 

New  York  Zone 

Philadelphia  Zone 

Boston  Zone 

Chicago  Zone 

Population 

Population 

Population 

Population 

Total 

Per  Square  Mile 

Total 

Per  Square  Mile 

Total 

Per  Square  Mile 

Total 

Per  Square  Mile 

1 

2 

3 

4 

5 

6 

7 

8 

9 

isim 
1870 
1SSO 
1890 
1900 
1910 

1,990,477 
2,554,155 
3,223,064 
4,184,216 
5,624,443 

7.7  is.  '.«;:< 

260.4 
334.1 
421.6 
547.4 
735.8 
1013.7 

1,523,174 
1,778,638 
2,126,323 
2,540,024 
3,006,434 
3,594,476 

142.4 
166.3 
198.8 
237.4 
281.0 
XV,  II 

1,283,386 
1,523.667 
1,885,164 
2,376,204 
2,981,076 
3,592,807 

174.8 
207.5 
256.7 
323.6 
405.9 
489.2 

340,626 
598,563 
889,415 
1,530,135 
2,252,960 
2,927,357 

51.0 
89.6 
133.1 
229.0 
337.2 
438  2 

ocean,  Chicago  is  to  be  compared  with  a  coast 
city.  The  lakes  make  possible  a  direct  shipping 
trade  with  eight  states;  they  give  access  to  the 
St.  Lawrence  River  and  thence  to  the  Atlantic 
Ocean;  while  to  the  southward  are  the  possible 
water  routes  connecting  Chicago  with  the  Missis- 
sippi River  and  the  Gulf  of  Mexico. 

The  topography  of  the  country  makes  Chicago 
the  logical  point  of  juncture  between  the  East 
and  the  Northwest.  The  early  French  explorers 
who  dreamed  of  founding  an  empire  centering 
in  the  Mississippi  Valley,  were  quick  to  see  the 
advantages  of  a  port  at  the  head  of  "the  Lake  of 
the  Illinois."  Joliet  pointed  out  to  the  Canadian 
authorities  how  easy  it  would  be  to  go  from  Lake 
Erie  to  the  Mississippi  "in  boats  by  a  very  good 
navigation,"  by  cutting  a  channel  through  half 
a  league  of  prairie  between  "the  Lake  of  the 
Illinois  and  the  St.  Louis  River."  The  natural 
lines  of  communication  by  land  between  East 


on  the  Wabash,  Illinois,  Rock,  Kaskaskia  and 
Little  Wabash  rivers.  In  that  year  the  state 
authorized  the  construction  of  railroads  from  Vin- 
cennes  to  St.  Louis;  from  Cairo  to  the  northern 
terminus  of  the  proposed  Illinois  and  Michigan 
Canal  and  thence  to  Galena ;  from  Alton  to  Mount 
Carmel  and  from  Alton  to  Shawneetown;  from 
Quincy  to  Springfield  and  thence  to  the  Indiana 
State  Line;  and  of  various  other  roads,  totaling 
in  all  1,341  miles.  At  this  time  the  money  in  the 
state  treasury  was  not  sufficient  for  the  construc- 
tion of  these  railroads,  the  estimates  requiring 
$10,000,000  more  than  the  amount  on  hand. 
Bonds  were  therefore  sold  and  scrip  was  issued  to 
contractors  on  account  of  the  proposed  improve- 
ments. A  short  line  extending  from  Springfield 
to  Meredosia  was  completed  and  operated  at  a 
loss;  some  work  was  done  on  other  lines  but 
the  scheme  finally  collapsed,  leaving  the  state 
wiser  and  poorer  as  a  result  of  its  experiment. 
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INTRODUCTION 


Chicago's  first  railroad  was  opened  to  traffic  in 
1848  with  an  equipment  of  one  locomotive  and 
six  freight  cars.  This  was  the  Galena  &  Chicago 
Union  Railroad,  which  had  received  its  charter 
on  January  16,  1836.  Galena  was  then  one  of 
the  leading  villages  to  the  west  of  Chicago.  The 
survey  of  the  route  was  begun  thirteen  months 
after  the  granting  of  the  charter  but  was  stopped 
in  June,  1837,  when  prosecution  of  the  enter- 
prise ceased  for  a  time.  Work  was  resumed  in 
December,  1846,  and  in  1848  rails  were  laid  to 
the  Chicago  River. 

In  1850  Illinois  possessed  in  of  the  9,200  miles 
of  railroad  in  the  United  States. 

The  future  of  Chicago  as  a  railroad  center  was 
assured  within  the  twelve  years  from  1848  to 
1860.  During  this  period  ten  of  the  present  trunk 
lines  commenced  operation,  with  Chicago  as  the 
objective  point.  Seven  of  these  lines  were  from 
the  west  and  had  their  origin  at  different  points 
in  the  Mississippi  Valley,  while  the  other  three 
were  from  the  east. 

In  1860  there  were  eleven  trunk  lines  running 
into  Chicago,  the  aggregate  mileage  of  which 
was  more  than  4,700  miles  and  the  earnings  of 
which  were  in  excess  of  $13,000,000  annually. 
In  1869  the  trunk  lines  numbered  twelve,  with 
an  aggregate  of  more  than  7,000  miles  of  line,  and 
total  earnings  amounting  to  about  $50,000,000 
annually. 

The  three  decades  from  1860  to  1890  may  be 
characterized  as  the  real  period  of  growth  of  Chi- 
cago's transportation  activities.  Of  the  39  roads 
•at  present  operating  in  the  Chicago  terminals 
and  included  in  the  scope  of  the  Committee's 
investigation,  19  have  been  of  special  significance 
in  the  establishment  of  transportation  connection 
between  Chicago  and  other  sections  of  the  coun- 
try, in  distinction  from  those  which  perform  more 
limited  or  purely  local  service.  The  beginnings 
of  these  roads  are  summarized  in  the  following 
paragraphs. 

The  Atchison,  Topeka  &  Santa  Fe  Railway 
Company  received  its  charter  in  the  name  of  the 
Atchison  &  Topeka  Railroad  Company,  Febru- 
ary 15,  1859.  The  line  between  Kansas  City 
and  Chicago  was  opened  in  May,  1888. 

The  Baltimore  &  Ohio  Railroad  Company 
was  chartered  in  Maryland  on  February  28,  1827, 
and  secured  an  entrance  into  Chicago  in  Novem- 


ber, 1874,  over  the  lines  of  the  Illinois  Central 
Railroad  Company,  with  which  company  a  con- 
tract was  also  made  for  the  use  of  station  grounds. 

The  Chicago  &  Alton  Railroad  Company  was 
a  development  of  the  Alton  &  Sangamon  Railroad 
Company,  which  was  chartered  by  special  act  of 
the  legislature,  February  27,  1847.  The  railroad 
obtained  entrance  into  Chicago  through  lease  of 
the  Joliet  &  Chicago  Railroad,  which  was  opened 
July  4,  1856. 

The  Chicago  &  Eastern  Illinois  Railroad  Com- 
pany was  first  organized  and  constructed  as  the 
Chicago,  Danville  &  Vincennes  Railroad  Com- 
pany. It  was  chartered  February  16,  1865,  and 
the  main  line  from  Chicago  to  Terre  Haute  was 
placed  in  operation  under  its  control  in  the  fall 
of  1872. 

The  Chicago  &  Erie  Railroad  Company  forms 
its  western  extension  through  the  line  originally 
organized  as  the  Chicago  &  Atlantic  Railroad 
Company,  between  Hammond,  Ind.,  and  Marion, 
Ohio,  a  distance  of  249  miles.  Entrance  to 
Chicago  was  obtained  over  the  tracks  of  the 
Chicago  &  Western  Indiana  Railroad  Company 
and  through  traffic  was  opened  June  17,  1883. 

The  Chicago  &  North  Western  Railway  Com- 
pany, as  it  exists  today,  is  a  consolidation  of 
45  separate  railroads,  the  first  of  which  in  the 
order  of  time  was  the  Galena  &  Chicago  Union 
Railroad  already  mentioned.  This  road  was 
completed  to  Chicago  in  1848. 

The  Chicago,  Burlington  &  Quincy  Railroad 
Company,  like  most  of  the  great  trunk  lines  en- 
tering Chicago,  had  a  comparatively  small  be- 
ginning. It  was  incorporated  originally  as  the 
Aurora  Branch  Railroad  Company,  February  12, 
1849.  Entrance  to  Chicago  was  secured  in  June, 
1864,  over  the  tracks  of  the  Galena  &  Chicago 
Union  Railroad  from  a  junction  30  miles  west  of 
Chicago. 

The  Chicago,  Indianapolis  &  Louisville  Rail- 
way Company  was  organized  July  8,  1847, 
under  the  name  of  the  Louisville,  New  Albany  & 
Chicago  Railroad  Company.  The  incorporation 
took  place  under  a  law  of  the  state  of  Indiana 
authorizing  companies  to  complete  any  of  the 
unfinished  works  of  the  state.  The  company 
started  operation  into  Chicago  under  the  name 
of  the  Chicago  &  Indianapolis  Air  Line  Railway 
Company  in  1880. 
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The  Chicago,  Milwaukee  &  St.  Paul  Railway 
Company  had  its  starting  point  at  Milwaukee 
and  its  nucleus  was  the  Milwaukee  &  Mississippi 
Company,  organized  in  1849.  Ground  was  broken 
in  1856  and  trains  began  running  to  Prairie  Du 
Chien  in  April,  1857.  In  1866  this  railroad  was 
absorbed  by  the  Milwaukee  &  St.  Paul  Railway 
Company,  which  extended  its  line  to  Chicago  in 

1873- 
The  Chicago,  Rock  Island  &  Pacific  Railway 

Company  was  the  outgrowth  of  a  plan,  first 
suggested  in  1828,  to  build  a  line  from  Chicago 
towards  the  Pacific  Coast.  A  charter  was  issued 
to  the  Rock  Island  &  LaSalle  Railroad  Company 
February  27,  1847.  On  February  7,  1851,  the 
name  was  changed  to  the  present  title  and  the 
line  between  Chicago  and  Joliet  was  opened  for 
service  October  18,  1852. 

The  Grand  Trunk  Western  Railway,  like  many 
of  the  others,  is  the  result  of  a  number  of  con- 
solidations which  were  finally  consummated  in 
1880  in  connection  with  the  Chicago  &  Grand 
Trunk  Railroad.  The  line  between  Chicago  and 
Valparaiso  was  opened  for  traffic  on  February  i, 
1880. 

The  Illinois  Central  Railroad  Company  was 
chartered  on  February  10,  1851.  The  road  from 
Chicago  to  Kensington  (then  known  as  Calumet) 
was  completed  for  connection  with  the  Michigan 
Central  Railroad  and  opened  for  traffic  May  24, 
1852.  In  July,  1852,  the  Chicago  division  from 
Chicago  to  Urbana,  111.,  was  opened  for  traffic 
and  the  road  was  completed  to  Cairo,  111.,  Sep- 
tember 27,  1857. 

The  Lake  Shore  &  Michigan  Southern  Rail- 
way Company  was  formed  by  the  consolidation 
of  a  number  of  small  lines  between  the  years  1867 
and  1869,  the  present  name  of  the  corporation 
being  first  used  in  the  latter  year.  Entrance  to 
Chicago  was  obtained  in  1853  by  the  Michigan 
Southern  &  Northern  Indiana  Railroad,  which 
was  one  of  the  small  lines  from  which  the  Lake 
Shore  &  Michigan  Southern  Railway  was  formed. 

The  Michigan  Central  Railroad  Company 
succeeded  to  the  franchise  of  the  Detroit  & 
St.  Joseph  Railroad  Company,  incorporated  in 
1831.  In  1839,  when  this  line  was  being  extended 
between  Ann  Arbor  and  Jackson,  Mich.,  it  was 
stated  that  "the  rails  were  not  all  of  iron;  when 
these  were  not  obtainable  oak  was  substituted." 


The  extension  to  Kensington  was  placed  in  opera- 
tion in  May,  1852. 

The  Minneapolis,  St.  Paul  &  Sault  Ste.  Marie 
Railway  Company  is  successor  to  the  Wisconsin 
Central  Railroad  Company,  organized  June  17, 
1887,  under  the  general  laws  of  Wisconsin,  and 
incorporated  for  the  purpose  of  acquiring  posses- 
sion and  control  of  a  number  of  different  railroads. 
Among  the  railroads  acquired  was  the  Chicago, 
Wisconsin  &  Minnesota  Railroad  Company,  which 
had  opened  a  line  between  Chicago  and  Schleis- 
ingerville,  Wis.,  in  July,  1886. 

The  New  York,  Chicago  &  St.  Louis  Railroad 
Company  was  incorporated  under  the  General 
Railroad  Act  of  Illinois,  March  23,  1881,  and 
had  for  its  object  the  construction  and  opera- 
tion of  a  line  running  from  Buffalo  to  Chicago. 
On  September  i,  1882,  operation  into  Chicago 
was  inaugurated. 

The  Pennsylvania  Company  was  chartered  by 
the  legislature  of  Pennsylvania  in  1890,  to  acquire 
all  the  varied  interests  of  the  lines  west  of  Pitts- 
burgh. Of  the  many  lines  managed  by  this  com- 
pany, the  Pittsburgh,  Fort  Wayne  &  Chicago 
Railway  and  the  Pittsburgh,  Cincinnati,  Chicago 
&  St.  Louis  Railway  find  a  terminus  at  Chicago. 
The  Pittsburgh,  Fort  Wayne  &  Chicago  Railway 
Company  is  the  outgrowth  of  a  consolidation  of 
several  railroads  effected  on  August  i,  1856. 
The  line  into  Chicago  was  opened  in  1858.  The 
Pittsburgh,  Cincinnati,  Chicago  &  St.  Louis  Rail- 
way Company  is  the  result  of  many  consolida- 
tions and  reorganizations.  The  original  company, 
known  as  the  Chicago  &  Cincinnati  Railroad, 
completed  its  road  between  Chicago  and  Logans- 
port  in  the  spring  of  1861. 

The  Wabash  Railroad  is  an  extension  of  the 
Old  North  Cross  Railroad,  the  first  and  only  one 
of  the  many  projected  lines  that  was  ever  finished 
and  operated  by  the  state  of  Illinois.  The  con- 
struction of  the  property  was  begun  in  1838. 

The  more  important  railroads  now  operating 
in  Chicago  may  claim  place  among  the  city's 
oldest  institutions.  They  have  not,  in  any  large 
sense,  intruded  themselves  into  the  heart  of  an 
established  city;  they  occupied  their  present 
locations  when  the  city  began.  Their  activities 
have  stimulated  other  activities  of  the  city  and 
as  the  city  has  grown  they  have  grown  and 
have  developed  with  it. 
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In  1850,  two  years  after  the  Galena  &  Chicago 
Union  Railroad  began  operation,  Chicago  had  a 
population  of  30,000,  grouped  chiefly  about  the 
mouth  of  the  Chicago  River.  Even  as  late  as 
1864,  when  the  number  of  railroads,  had  multi- 
plied, the  population  of  the  city  was  less  than 
170,000.  The  railroads,  when  they  entered  Chi- 
cago, naturally  established  themselves  near  the 
center  of  the  city's  population,  that  is,  near 
the  mouth  of  the  Chicago  River.  As  time  passed 
the  railroads  continued  to  occupy  the  sites  granted 
them  in  earlier  days.  In  the  beginning  they 
located  their  yards  outside  of  the  limits  of  the 
town  where  low-priced  land  could  be  had.  In 
process  of  time,  however,  the  city  expanded, 
industrial  establishments  increased,  residences 
multiplied,  and  the  railroad  yards  which  originally 
were  outside  of  the  city  became  surrounded  by 
improved  property.  This  growth  of  the  city  and 
the  prosperity  it  implied  further  augmented  the 
business  of  the  railroads.  More  cars  were  handled 
and  more  yard  room  became  necessary  in  which 
to  handle  them;  again  the  railroads  reached  back 
into  the  country  for  unoccupied  areas  upon  which 
to  develop;  and  here  also  they  were  in  time 
enveloped  by  the  growing  city.  This  process 
has  been  repeated  so  many  times  that  the  appear 
ance  of  a  map  of  present-day  Chicago  suggests 
that  wherever  a  railroad  has  chosen  to  marshal 
its  cars,  there  the  city  has  ultimately  crowded 
in.  The  process  has  been  a  perfectly  normal  one. 
The  railroads  have  been  an  impelling  force  which 
has  aided  in  the  city's  legitimate  development. 

These  are  matters  which,  under  the  pressure 
of  present-day  conditions,  are  naturally  enough 
sometimes  overlooked  or  forgotten.  For  example, 
there  are  many  who  feel  that  the  Illinois  Central 
Railroad  established  itself  in  its  present  location 
contrary  to  the  public  desire.  Such  a  feeling  is 
without  foundation  in  fact.  The  record  shows 
that  the  company  did  not  voluntarily  elect  to 
locate  its  lines  on  the  lake  front,  but  was  forced 
to  do  so  by  a  mandatory  ordinance  passed  by  the 
City  Council  of  Chicago. 

Examining  this  phase  of  the  question  with 
greater  fidelity  to  its  historic  details,  it  may  be 
noted  that  on  September  20,  1850,  the  Congress 
of  the  United  States  set  aside  a  grant  of  land  for 
the  building  of  the  Illinois  Central  Railroad  from 
Chicago  to  Mobile,  through  the  states  of  Illinois, 


Mississippi  and  Alabama.  The  bill  providing 
for  the  construction  of  the  road  under  this  grant 
was  passed  by  the  Illinois  legislature  in  February, 
1851,  and  was  accepted  by  the  railroad  company 
in  March  of  the  same  year. 

The  southern  limits  of  the  city  of  Chicago  at 
that  time  were  at  22d  Street.  In  applying  for 
admission  to  the  city,  the  railroad  company, 
through  Robert  Schuyler,  its  first  president, 
requested  that  it  be  allowed  to  enter  the  city 
along  the  west  bank  of  the  south  branch  of  the 
Chicago  River,  and  to  extend  its -line  along  the 
river  to  Kinzie  Street,  where  it  could  connect 
with  the  Galena  &  Chicago  Union  Railway  (now 
the  Chicago  &  North  Western),  which  was  coming 
in  along  the  west  side  of  the  north  branch  of  the 
river.  Under  this  plan  the  freight  terminals  of 
the  Illinois  Central  Railroad  would  have  been 
located  on  the  west  side  of  the  river.  The  plan 
proposed  by  President  Schuyler,  however,  was 
not  viewed  with  favor  by  the  property  owners 
along  the  east  side  of  the  river,  who  wanted  the 
railroad  to  come  in  adjacent  to  their  holdings. 
A  situation  soon  developed  which  made  the  matter 
of  securing  a  location  of  the  line  into  the  city  one 
of  considerable  delicacy  for  the  railroad  pro- 
moters. In  the  summer  of  1851,  Mayor  Gurnee 
of  Chicago  went  to  New  York  for  a  conference 
with  the  board  of  directors  of  the  railroad  company 
with  a  view  to  inducing  them  to  locate  the  road 
on  the  lake  front.  There  was  one  reason  why 
many  desired  the  railroad  to  be  built  there,  of 
which  few  are  now  aware.  At  that  time  the 
waters  of  Lake  Michigan  were  constantly  making 
attacks  on  the  shore  line.  A  large  expense  had 
been  incurred  by  the  city  and  by  property  owners 
along  Michigan  Avenue  in  the  construction  of 
shore  protection,  which,  after  completion,  proved 
entirely  inadequate.  In  1849  a  small  assessment 
was  levied  for  this  work,  and  by  1851  the  sum  of 
$12,000  had  been  expended  in  shore  protection 
under  the  direction  of  the  Superintendent  of 
Public  Works.  In  the  fall  of  that  year  a  storm  so 
seriously  damaged  the  shore  protection  that  the 
residence  of  Mayor  Gurnee  at  the  corner  of  Mich- 
igan Avenue  and  Monroe  Street  was  menaced 
with  destruction.  The  popular  feeling  at  the 
time  was  reflected  by  articles  in  the  daily  press, 
which  clearly  indicated  a  desire  on  the  part  of 
the  people  and  the  city  officials  to  have  the 
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Illinois  Central  locate  on  the  lake  front  and  assume 
the  responsibility  of  providing  the  much  needed 
shore  protection. 

The  officers  of  the  railroad  company,  yielding 
to  the  importunities  of  the  Mayor,  the  arguments 
of  the  public  press  and  the  sentiment  of  an 
apparent  majority  of  the  City  Council,  finally 
accepted  the  Mayor's  suggestion,  and  ordinances 
were  prepared  by  officials  of  the  city  for  carrying 
it  out.  The  first  four  ordinances  proposed  by  the 
city  were  rejected  by  the  railroad  company.  It 
is  noteworthy,  however,  that  all  of  them  speci- 
fically provided  that  the  railroad  should  enter 
along  the  lake  front  and  should  construct  a  break- 
water from  Randolph  Street  to  the  southern 
limits  of  the  city  sufficient  forever  to  protect  the 
city  from  the  wash  of  the  lake.  The  ordinance 
finally  accepted  by  the  railroad  company  was 
passed  July  14,  1852. 

The  construction  of  the  breakwater  was  com- 
menced in  September,  1852,  and  completed  in 
1854.  Thereafter  the  city  had  no  trouble  from 
the  encroachment  of  the  lake.  Prior  to  1860  the 
railroad  had  expended  approximately  $500,000  for 
lake  front  protection  work. 

It  is  evident  from  this  brief  review  of  the  facts 
that  the  Illinois  Central  is  located  along  the  lake 
shore  because  the  city  designated  this  site  as  the 
one  which  it  preferred  that  the  railroad  should 
occupy.  It  is  not  unlikely  that  the  detailed  his- 
tory of  the  development  of  other  railroads  within 
the  city  of  Chicago  would  sustain,  with  equal 
justice,  the  right  of  the  railroads  in  the  possession 
of  the  sites  upon  which  their  facilities  and  tracks 
have  been  built. 

i.io  Chicago's  Fuel  Resources:  The  city  of 
Chicago  possesses  a  great  natural  resource  in  an 
abundant  fuel  supply  near  at  hand,  lying  in  the 
vast  coal  fields  of  Illinois,  Indiana  and  Western 
Kentucky,  and  forming  what  is  known  as  the 
Eastern  Interior  Coal  Basin.  The  extent  of  these 
coal  fields  is  indicated  by  fig.  5. 

The  major  portion  of  the  basin  is  situated  in 
Illinois,  underlying  86  counties  and  covering 
an  area  of  about  35,600  square  miles,  or  about 
65  per  cent  of  the  entire  area  of  the  state.  The 
eastern  portion  of  the  field  extends  into  Indi- 
ana, underlying  an  area  of  about  6,500  square 
miles  distributed  over  26  counties,  in  18  of  which 
coal  is  produced  on  a  commercial  scale.  The 


southeastern  portion  of  the  field  extends  into 
Kentucky,  underlying  n  counties  along  the 
northern  border  of  the  western  part  of  the  state 
and  embracing  an  area  of  about  6,400  square 
miles. 

The  United  States  Geological  Survey  gives 
estimates  for  the  entire  Eastern  Interior  Coal 
Basin,  of  the  original  amounts  of  coal  available, 
the  amounts  exhausted  and  the  amounts  now 
available  for  future  supply.  These  estimates  are 
presented  as  table  XXXVIII.* 

Though  generally  distributed  over  all  except 
the  northern  part  of  the  state,  a  considerable 
number  of  the  beds  in  the  part  of  the  field  lying 
in  Illinois  are  of  limited  extent  or  thickness,  and 
under  present  conditions  are  commercially  unsat- 
isfactory as  sources  of  fuel  supply.  The  first 
Illinois  Geological  Survey  determined  that  there 
were  16  different  coal-beds  in  the  state,  and  num- 
bered them  consecutively.  Calculations  made  by 
A.  Bement  in  igogt  indicated  that  of  the  total 
output  from  the  state,  coal  No.  6  (Herrin,  Belle- 
ville, etc.)  produced  59  per  cent,  coal  No.  5 
(Springfield,  Harrisburg,  etc.)  yielded  25  per 
cent,  and  coal  No.  2  (LaSalle,  Third  Vein,  Wil- 
mington, etc.)  produced  12  per  cent.  The  re- 
mainder, 4  per  cent,  was  mined  from  No.  7 
(Danville),  No.  i  (Rock  Island)  and  from  other 
seams. 

In  the  eastern  part  of  the  field,  in  Indiana,  the 
coal-beds  show  remarkable  persistency  over  large 
areas.  They  vary  from  three  to  ten  feet  in  thick- 
ness, a  majority  of  the  mines  having  seams  five 
feet  or  more  in  depth.  Block  and  semi-block 
coals,  so-called  because  of  the  almost  perfectly 
rectangular  blocks  into  which  they  break,  are 
found  along  the  eastern  edge  of  the  field.  They 
occur  in  basins  some  of  which  are  but  a  few  acres 
in  area.  In  many  of  these  basins  the  veins  vary 
in  thickness  from  several  feet  at  the  center  to  a 
few  inches  at  the  edges. 

Cannel  coal  is  also  found  at  one  or  two  points 
in  the  eastern  part  of  the  field,  and  in  the  south- 
eastern part  there  are  two  beds  of  excellent  coking 
coal. 

Briefly,  all  the  coals  of  the  Eastern  Interior 
Coal  Basin  are  bituminous  and,  compared  with 

*  Report  of  the  United  States  Geological  Survey,  "Mineral  Resources  of  the 
United  States,"  1911. 

t  Bulletin  No.  14,  Illinois  State  Geological  Survey.  1910. 


FIG.  5.    EASTERN  INTERIOR  COAL  BASIN 
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their  principal  market  competitors,  are  relatively 
high  in  sulphur,  ash,  moisture  and  volatile  matter. 
They  are  generally  free-burning  and  non-coking. 
Their  sulphur  content  limits  their  direct  use  in 
metallurgical  processes  and  tends  to  complicate 
the  problem  of  storage.  Their  high  volatile 
content  tends  to  make  them  produce  smoke  when 
burned,  a  tendency,  however,  which  may  be 
overcome  in  many  classes  of  service.  Their  ash 


smoke  abatement  has  been  the  natural  outgrowth 
of  the  use  of  such  fuels.  Evidences  of  such 
interest  early  appeared  in  individual  communica- 
tions to  the  public  press;  in  public  addresses;  in 
papers  presented  to  technical  societies ;  in  resolu- 
tions adopted  by  various  clubs;  and  in  active 
campaigns  undertaken  at  intervals  by  the  press 
of  the  city  for  the  purpose  of  keeping  the  matter 
before  the  public. 


TABLE  XXXVIII.     UNITED  STATES  GEOLOGICAL  SURVEY  STATISTICS  RELATING  TO  THE  EASTERN  INTERIOR  COAL  BASIN 


State 

Area 
Square 
Miles* 

Estimated 
Original  Supply 
Tons 

Production 
1911 
Tons 

Total  Production 
Through  1911 
Tons 

Total  Exhaustion 
Through   1911 
Tons 

Estimated 
Available  Supply 
Tons 

1 

•J 

3 

4 

5 

6 

7 

6,500 

44,169,000,000 

14,201,355 

219,180,709 

328,000,000 

43,841,000,000 

6400 

36  241  000000 

7,111,737 

98,264,971 

147,000,000 

36  094  000  000 

Illinois    

35.600 

240,000,000,000 

53,679,118 

844,012,353 

1,266,000,000 

238,734,000,000 

Totals  

48,500 

320,410,000,000 

74,992,210 

1,161,458,033 

1.741,000,000 

318,669,000,000 

United  Stalest  

310,296 

3,076,204,000,000 

496,221,168 

8,739,572.427 

14,181,980,000 

3,062,022,020,000 

*  Known  to  contain  workable  coal,     t  Includes  colliery  consumption. 

content  is  relatively  high.  The  quality  of  the 
coal  appears  to  improve  with  the  depth  of  the 
seams,  and  there  is  generally  an  improvement  in 
quality  from  north  to  south. 

Coals  from  the  southern  part  of  the  field  have, 
as  a  rule,  a  higher  heating  value  per  unit  of 
weight  than  coals  from  the  northern  part. 

The  coals  of  the  Eastern  Interior  Coal  Basin 
are  tributary  to  Chicago.  They  are  Chicago's 
coals  and  she  must  use  them.  In  certain  classes 
of  service  the  problem  of  burning  them  smoke- 
lessly  is  not  a  difficult  one.  In  other  classes  of 
service  certain  factors  must  be  made  the  subject 
of  further  study.* 

1. 1 1  Evidences  of  Public  Interest  in  Smoke 
Abatement:  One  of  Chicago's  present-day  prob- 
lems of  significance  is  that  of  smoke  abatement. 
Progress  in  smoke  abatement  in  Chicago  is  urgent, 
because  presumably  the  population  of  a  world-city 
is  interested  in  bringing  it  about.  It  is  a  difficult 
problem  because  the  city's  fuel  consuming  indus- 
tries sustain  the  activities  of  a  great  community, 
and  any  procedure  in  smoke  abatement  which  un- 
duly restricts  fuel  consumption,  injures  industry, 
or  interferes  with  the  orderly  procedure  in  trans- 
portation, will,  in  the  complexity  of  the  city's  life, 
affect  adversely  the  interests  of  many  people. 

A  large  proportion  of  the  fuel  consumed  in 
Chicago  consists  of  bituminous  coals  which  are 
to  be  regarded  as  relatively  smoky.  Interest  in 


Forty  years  ago  (in  1874)  there  was  organized 
a  "Citizens'  Association"  having  for  its  object 
the  promotion  of  public  welfare.  It  undertook 
to  determine  some  of  the  legal  aspects  of  the 
problem  of  smoke  prevention,  and  to  aid  smoke 
inspectors  in  their  work  by  assisting  in  the 
prosecution  of  the  more  conspicuous  offenders. 
The  first  formal  recognition  of  the  authority  of 
the  municipal  government  to  exercise  control  in 
this  matter  found  expression  in  an  ordinance 
of  the  City  Council,  which  was  passed  in  April, 
i88i.t 

Voluntary  organizations  of  citizens  were  formed 
just  prior  to  the  Columbian  Exposition  of  1893, 
notably,  "The  Society  for  the  Prevention  of 
Smoke,"  having  for  its  purpose  primarily  the 
improvement  of  the  city's  appearance  during 
the  exposition  period.  The  work  undertaken  was 
that  of  educating  consumers  in  correct  methods 
of  burning  soft  coal.  The  society  organized  and 
maintained  a  strong  technical  staff.  Its  expenses 
were  borne  entirely  by  subscription.  At  the  con- 
clusion of  the  World's  Fair  its  activities  ceased. 

In  1904,  the  Municipal  Art  League's  Committee 
on  Smoke  Prevention  submitted  a  report  urging 
the  enforcement  of  the  law.  "Every  citizen  who 
sees  a  chimney  habitually  smoking  should  be  a 
voluntary  inspector,  and  register  complaints  at 
the  City  Hall.  Public  opinion  can  be  expressed 
by  personal  condemnation  of  smoke  offenders." 


*See   chapters    101    and  105;  also  Bulletin  No.   15,   University   of    Illinois. 
"How  to  Burn  Illinois  Coal  Without  Smoke,"  by  L.  P.  Breckenridge,  1907. 


t  The  text  of  this  ordinance  is  given  in  chapter  102  of  this  report. 
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In  1908,  the  Hamilton  Club  addressed  letters 
to  the  officers  of  railroads  operating  in  Chicago, 
asking  for  an  expression  of  opinion  regarding  the 
electrification  of  those  roads.  The  replies  while 
varying  in  detail  generally  expressed  the  view 
that  the  art  of  electrification  was  still  in  an 
experimental  stage  and  that  the  expense  involved 
would  be  too  great  in  view  of  the  uncertainty  of 
compensating  returns. 

In  1908,  also,  a  report  on  "The  Electrification 
of  Railway  Terminals,"  with  the  subtitle,  "As  a 
Cure  for  the  Locomotive  Smoke  Evil  in  Chicago, 
with  Special  Consideration  of  the  Illinois  Central 
Railroad,"  was  prepared,  under  the  direction  of 
the  Mayor  and  the  Committee  on  Local  Trans- 
portation of  the  City  Council,  by  a  special  com- 
mittee appointed  for  the  purpose.*  In  this  re- 
port of  350  pages  the  committee  subdivided  the 
results  of  its  study  as  it  had  subdivided  its 
work,  the  several  chapters  appearing  as  sepa- 
rate articles.  The  subjects  investigated  and  the 
several  experts  responsible  for  their  development 
were  as  follows: 

The  Harm  of  Smoke  .  .  Dr.  W.  A.  Evans 

The  Prevention  of  Smoke  in 

Chicago Paul  P.  Bird 

The  Railroads  as  Smoke  Pro- 
ducers   G.  E.  Ryder 

The  Possibility  of  Smokeless 

Steam  Locomotive  Traction  .  G.  E.  Ryder 
Anthracite  Coal  and  Coke  as 

Remedies  ....  .  Paul  P.  Bird 

Electrification  as  a  Remedy, 

with  Special  Consideration  of 

the  Illinois  Central  .  .  .  .  H.  H.  Evans 
The  Railroads  in  Relation  to 

Local  Transportation     .       Milton  J.  Foreman 

The  questions  which  this  committee  sought  to 
answer,  and  the  conclusions  reached  with  reference 
thereto,  are  concisely  set  forth.  The  report  as 
a  whole  represents  a  systematic  effort  to  place 
before  the  people  of  Chicago  the  facts,  as  they 
were  then  understood,  concerning  the  important 
questions  the  committee  had  been  appointed  to 
study. 

A  year  later,  in  1909,  the  Chicago  Association  of 
Commerce,  an  organization  devoted  to  the  welfare 
of  the  city  and  in  a  peculiar  sense  representative 

*  The  members  of  the  special  committee  which  prepared  this  report  were 
Milton  J.  Foreman,  Chairman.  Committee  on  Local  Transportation.  City 
Council;  Dr.  W.  A.  Evans.  Commissioner  of  Health;  Paul  P.  Bird.  Smoke 
Inspector;  G.  E.  Ryder,  Department  of  Smoke  Inspection;  H.  H.  Evans, 
Mechanical  Engineer. 


of  its  business  interests  and  of  its  citizenship, 
undertook  the  direction  of  an  educational  move- 
mi-nt  in  the  abatement  of  smoke  and  has  since 
persisted  in  its  efforts. 

1. 1 2  The  Work  of  the  Chicago  Association  of 
Commerce:  At  a  meeting  of  the  executive  com- 
mittee of  the  Chicago  Association  of  Commerce, 
held  October  29,  1909,  Pres.  Edward  M.  Skinner 
reported  the  formation  of  a  committee  of  eight 
to  consider  the  subject  of  the  electrification  of 
railroad  terminals  in  the  city  of  Chicago.  The 
committee  was  constituted  as  follows: 

John  M.  Ewen,  John  M.  Ewen  Co.,  Chairman; 
W.  L.  Abbott, t  Commonwealth  Edison  Co.;  Bion 
J.  Arnold,  Consulting  Engineer;  A.  Bement,  Con- 
sulting Engineer;  Paul  P.  Bird,  Chief  Inspector 
Department  of  Smoke  Inspection;  W.  F.  M.  Goss, 
College  of  Engineering,  University  of  Illinois; 
Wm.  B.  Jackson,  D.  C.  &  Wm.  B.  Jackson; 
and  C.  E.  Merriam,  Department  of  Economics, 
University  of  Chicago. 

This  committee  was  requested  to  consider  and 
report  upon  questions  relating  to  the  desirability 
and  practicability  of  electrifying  the  steam  rail- 
road terminals  in  the  city  of  Chicago  as  a  remedy 
for  the  alleged  nuisance  accompanying  the  use  of 
steam  locomotives,  as  well  as  upon  questions  re- 
lating to  the  elimination  of  smoke  in  general  from 
the  city.  The  purpose  of  the  report  was  that  of 
informing  members  of  the  Association  of  Commerce 
and  the  public  generally  upon  the  subject. 

The  report  of  the  committee  was  submitted  on 
July  8,  1910,  to  Homer  A.  Stillwell,  the  President 
of  the  Chicago  Association  of  Commerce,  and 
copies  were  transmitted  to  the  members  of  the 
executive  committee  with  a  view  to  the  con- 
sideration of  the  report  at  a  subsequent  joint 
meeting  of  the  Board  of  Directors,  the  Executive 
Committee  and  the  special  committee  which  con- 
ducted the  investigation.  The  report  of  the  com- 
mittee in  full  is  as  follows: 

"  CHICAGO,  July  8,  1910 

To  THE  PRESIDENT  OF 
THE  CHICAGO  ASSOCIATION  OF  COMMERCE: 

Your  committee  appointed  to  consider  and 
report  upon  questions  as  to  the  desirability  and 
practicability  of  the  electrification  of  steam  rail- 

t  The  record  does  not  indicate  that  Mr.  Abbott  attended  the  meetings  of  the 
committee  and  the  final  report  does  not  bear  his  signature. 
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way  terminals  in  the  City  of  Chicago,  as  a  remedy 
for  the  nuisance  accompanying  the  use  of  steam 
locomotives,  as  well  as  to  the  elimination  of  smoke 
in  general  from  the  city,  would  state  briefly,  that 
it  finds  electrification  of  terminals  to  be  both 
practicable  and  feasible.  It  recommends  that 
immediate  measures  for  its  accomplishment  under 
proper  and  reasonable  plans  be  adopted. 

It  is  also  recommended  that  until  electrification 
has  been  accomplished,  anthracite  coal  and  coke 
be  used  as  locomotive  fuel. 

Your  committee  considers  the  problem  of  smoke 
prevention  in  the  City  of  Chicago  to  be  a  very 
serious  one,  deserving  of  much  more  attention 
than  has  thus  far  been  given  it,  and  requiring 
that  the  present  organization  of  the  Smoke 
Department  be  materially  enlarged. 

The  conclusions  reached  by  your  committee 
are  presented  in  five  abstracts,  which  are  followed 
by  correspondingly  designated  chapters,  in  which 
the  several  features  are  discussed  in  detail. 

(/)  Public  Demand  for  Electrification 

While  the  demand  for  electrification  is  based 
generally  on  a  desire  to  eliminate  smoke,  dirt, 
noise  and  noxious  gases,  there  is,  without  doubt, 
another  important  reason,  not  well  defined  or 
generally  appreciated,  which  has  an  unconscious 
influence.  This  is  a  feeling  that  electric  service  is 
more  convenient,  comfortable  and  modern  than 
steam  service. 

(2)  Practicability  of  Electrification 

Electrification  of  Chicago  railway  terminals  is 
a  large  undertaking  and  one  which  cannot  be 
carried  into  effect  in  its  entirety  in  the  immediate 
future.  But  there  should  be  no  great  difficulty 
in  its  successful  accomplishment  within  a  reason- 
able time.  Therefore,  in  the  opinion  of  your 
committee,  electrification  is  not  only  practicable, 
but  will  be  of  great  advantage  to  Chicago,  includ- 
ing the  railroads,  and  it  is  recommended  for 
execution  under  reasonable  and  proper  plans. 

The  work  could  probably  best  start  with  the 
electrification  of  the  suburban  and  other  passenger 
service  of  several  of  such  railroads  as  have  a 
dense  traffic,  and  should  eventually  be  extended 
to  all  passenger,  freight  and  switching  service 
within  the  city  limits. 

(3)  Attitude  of  Railways  toward  Electrification 

It  would  appear  that  many  railway  officials 
expect  that  eventually  electrification  will  come 
about  through  a  gradual  process  of  evolution,  yet 
there  is  no  general  disposition  on  the  part  of  the 
roads  to  consider  the  matter  in  reference  to  its 
present  or  future  applications.  It  is,  no  doubt, 
felt  by  many  officials  that  they  are  not  justified 
in  recommending  the  consideration  of  a  scheme 
demanding  so  large  an  investment  as  would  be 
required  and  one  appearing  to  some  of  them  as 
embracing  many  unsolved  problems. 


There  is  also  definitely  expressed  opposition  on 
the  ground  that  the  use  of  electricity  is  not  as 
safe  as  that  of  steam.  There  is,  where  proper 
precaution  is  taken  to  install  sufficient  safe- 
guards for  life  and  limb,  no  reason  for  such  opinion 
other  than  that,  with  all  new  appliances  or 
mechanical  apparatus,  until  employes  become 
familiar  with  their  duties,  there  are  possibilities 
for  accident,  which  disappear  when  the  men  are 
accustomed  to  their  work.  With  electric  opera- 
tion there  is  no  reason  for  anticipating  any 
greater  danger  to  passengers  and  employes  than 
with  steam. 

(4)   Temporary  Substitutes  for  Electrification 
as  an  Aid  in  Smoke  Suppression 

While  it  appears  necessary  and  desirable  to 
bring  about  the  electrification  of  all  railway 
trackage  in  Chicago  at  as  early  a  date  as  prac- 
ticable, a  considerable  time  at  best  will  elapse 
before  this  can  be  effected.  During  the  interval 
this  committee  would  recommend  that  anthra- 
cite coal  or  coke  be  used  as  fuel  in  steam  locomo- 
tives, as  a  temporary  solution  of  the  problem 
prior  to  and  during  progress  of  the  work  of 
electrification. 

(5)  The  Complete  Elimination  of  Smoke 
in  Chicago 

Aside  from  that  produced  by  locomotives,  a 
large  volume  of  smoke  is  given  off  by  other  fires, 
and  it  is  practicable  to  eliminate  this  smoke.  To 
this  end  several  detailed  recommendations  are 
made,  the  most  important  of  which  is  enlarge- 
ment of  the  scope  and  the  facilities  of  the  De- 
partment of  Smoke  Inspection,  also  the  extension 
of  the  inspection  service  to  the  full  24  hours  of 
the  day,  including  Sundays  and  holidays. 

DETAILED   DISCUSSION    OF    CONCLUSIONS    PRE- 
SENTED IN  FOREGOING  ABSTRACT 

(i)  Public  Demand  for  Electrification 

Your  committee  recognizes  the  existence  of  a 
widespread  public  desire  in  Chicago  to  have  all 
railway  terminals  within  the  city  limits  elec- 
trified. It  understands  that  this  feeling  is  based 
upon  a  realization  of  the  fact  that  through  the 
electrification  of  its  railroads  much  of  the  smoke 
which  now  pollutes  the  city's  atmosphere  will 
disappear,  and  much  of  the  noise  and  dirt  incident 
to  the  present  operation  of  steam  locomotives 
will  be  eliminated.  Your  committee,  however, 
recognizes  the  fact  that  the  railroads  are  not  the 
only  makers  of  smoke,  dirt  and  noise,  and  that 
their  complete  electrification  within  the  city 
limits  would  not  of  itself  suffice  to  make  Chicago 
smokeless.  Your  committee  agrees  that,  taken 
as  a  whole,  the  railroads  are  to  be  classed  among 
the  more  conspicuous  smoke  producers  and  that 
smoke  from  steam  locomotives,  since  it  is  dis- 
charged into  the  atmosphere  at  no  great  distance 
from  the  ground  and  is  trailed  over  long  courses, 
is  especially  objectionable  to  the  public.  While, 
therefore,  it  is  perfectly  natural  that  the  problem 
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of  smoke  suppression  as  it  presents  itself  to  the 
public  should  be  assumed  to  begin  with  the  rail- 
roads, the  fact  as  stated  above,  that  they  com- 
bined constitute  but  one  principal  offender,  should 
not  be  overlooked. 

It  is,  however,  probable  that  the  elimination  of 
smoke,  dirt  and  noise  are  not  the  only  incentives 
which  influence  public  opinion.  That  in  addition 
to  these,  there  is  an  undefined  and  little  recog- 
nized factor  that  has  considerable  weight.  This 
is  a  general  feeling  that  electric  service  is  more 
modern,  desirable,  and,  like  electricity  for  light, 
more  in  accordance  with  present  standards  of 
comfort.  This  influence  may  be  designated  as 
the  factor  of  public  appreciation,  for  which,  as 
yet,  no  definite  value  has  been  determined. 

(2)  Concerning  the  Practicability  of  Electrification 

There  should  be  little  difficulty  arising  from  any 
lack  of  technical  knowledge  in  electrifying  all 
railways  entering  the  City  of  Chicago.  While  no 
enterprise  of  equal  extent  has  thus  far  been  under- 
taken, and  while  it  is  certain  that,  in  the  develop- 
ment of  so  large  an  enterprise,  a  considerable 
amount  of  pioneer  work  would  need  to  be  done, 
the  most  comprehensive  plans  need  involve  no 
greater  problems  than  have  previously  been  solved 
elsewhere,  or  functions  which  are  not  now  being 
performed  in  some  part  of  our  country.  There  are 
questions  as  to  details  to  be  settled,  but  these  are 
common  to  progress  in  every  growing  art.  The 
difficulties  of  carrying  out  such  an  undertaking 
are  in  fact  not  mechanical  but  financial.  The 
initial  cost  of  electrification  is  high  and  no  com- 
pany would  desire  to  undertake  it  unless  it  could 
see  a  fair  chance  to  receive  a  reasonable  return 
from  the  necessitated  additional  investment. 
Such  return  must  be  derived  either  from  re- 
duction in  operating  expenses,  from  an  increase 
in  traffic,  from  increased  terminal  capacity,  or 
from  all  these  combined. 

Conditions  which  are  most  favorable  to  the 
profitable  electrification  of  railway  lines  are  those 
involving  a  dense  traffic  which  will  permit  fre- 
quent and  regular  movement  of  trains,  or  those 
where  terminal  capacity  under  steam  operation 
has  become  congested  and  inadequate.  The 
passenger  service  of  some  of  the  steam  railways 
entering  Chicago  presents  conditions  favorable 
for  electrification.  If  this  service  were  not 
operated  in  conjunction  with  freight  service,  it 
could  be  said,  without  question,  that  it  could  be 
more  economically  performed  through  electri- 
fication. But  upon  the  Chicago  lines  the  passen- 
ger service  is  interwoven  with  the  freight  traffic 
and  switching  service.  Terminal  facilities,  repair 
shops  and  organizations  of  men  serve  all  classes 
of  service,  so  that  the  precise  gain  which  would 
result  from  the  electrification  of  the  passenger 
branch  of  the  service  alone  is  not  easily  deter- 
mined. Nevertheless,  it  is  the  belief  of  your 
committee  that  the  electrification  of  practically 
all  passenger  service,  which  at  present  is  steam 
operated,  would  not  affect  unfavorably  the  inter- 


ests of  the  railway  companies  concerned,  and 
consequently  that  even  compulsory  electrification 
of  such  service,  if  brought  about  through  provi- 
sions which  would  permit  its  gradual  accom- 
plishment, would  constitute  only  a  temporary 
hardship  and  would  ultimately  result  in  a  real 
benefit  to  the  railway  companies  involved. 

The  proposition  to  require  all  the  railroads  of 
Chicago  to  operate  electrically  all  their  service 
within  the  city  limits  constitutes  quite  another 
question.  The  extent  of  such  an  undertaking 
would  be  comparable  in  magnitude  to  the  great 
work  of  track  elevation,  which  has  been  proceeding 
in  Chicago  for  the  past  seventeen  years.  In  New 
York  City,  where,  as  is  commonly  known,  a 
great  work  of  electrification  has  been  success- 
fully accomplished,  the  undertaking,  so  far  as  the 
electrical  features  are  concerned,  is  of  much  less 
magnitude  than  that  of  electrifying  all  the  rail- 
ways of  Chicago,  although  the  total  cost,  including 
the  collateral  investment  made  feasible  by  elec- 
trification in  New  York,  might  be  comparable 
with  the  cost  of  electrification  in  Chicago.  The 
electrification  in  New  York  was  developed  to  meet 
the  requirements  of  a  situation  more  serious  than 
that  which  exists  in  Chicago.  In  the  case  of  the 
New  York  Central  and  the  New  York,  New 
Haven  &  Hartford  railways,  entering  the  city 
largely  through  a  tunnel,  difficulty  of  ventilation 
and  volume  of  traffic  had  made  steam  operation 
impracticable.  In  the  case  of  the  Pennsylvania 
railway  the  development  of  a  new  passenger 
terminal  made  it  necessary  for  trains  to  pass 
through  long  tunnels  in  which  it  was  undesirable 
to  employ  steam  locomotives.  This  develop- 
ment was  therefore  stimulated  by  conditions,  the 
urgency  of  which  exceeds  that  of  any  claim  which 
can  be  put  forth  by  the  citizens  of  Chicago.  Elec- 
trification in  New  York  has  been  applied  only  to 
locations  where  the  density  of  traffic  is  great. 
The  cost  also  has  been  large.  Notwithstanding 
its  cost,  this  electrification  is  not  only  successful 
from  an  operating  standpoint,  but  promises  to  be 
financially  successful  also.  While  all  the  work  in 
the  electrification  of  railways  which  may  hereafter 
be  undertaken  will  profit  by  experience  already 
gained  and  by  so  doing  may  secure  for  itself 
some  saving  over  the  costs  of  previous  under- 
takings, such  savings  are  problematical  and  are 
likely  to  be  largely,  if  not  wholly,  neutralized 
by  new  embellishments  made  possible  by  the 
progress  of  the  art.  Furthermore,  the  feasibility 
of  realizing  such  savings  in  the  near  future  is, 
not  sufficiently  evident  to  warrant  withholding 
electrification  for  their  realization  and  doing 
without  its  advantages  in  the  meantime. 

Your  committee  recognizes  the  fact  that  any 
scheme  of  electrification  for  Chicago  which  is  not 
comprehensive,  and  which  does  not  include  all 
classes  of  service  of  all  railways,  will  fail  to  satisfy 
the  public  expectation.  Notwithstanding  this 
expectation,  however,  it  is  considered  that  the 
attitude  of  the  public  and  the  city  government 
should  show  the  same  consideration  as  that 
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displayed  in  the  track  elevation  work,  which  has 
not  only  conserved  the  interests  of  the  public 
but  of  the  railways  as  well. 

(j)  Attitude  of  Railways  toward  Electrification 

The  advantages  of  improvements,  such  as  track 
elevation  in  Chicago,  the  adoption  of  air  brakes 
and  automatic  couplers,  were  recognized  by 
many  railway  officials,  but  their  general  adoption 
was  reluctantly  accepted  owing  to  the  financial 
difficulties  involved.  Air  brakes  and  automatic 
couplers  were,  however,  found  to  be  appliances 
of  such  value  in  the  handling  of  trains  as  to  now 
make  it  appear  strange  that  their  adoption  should 
ever  have  been  opposed.  But  while  their  employ- 
ment was  for  the  purpose  of  reducing  accidents 
and  the  loss  of  life,  it  was  found  that  they  were 
of  large  economic  advantage  to  the  railroads, 
making  not  only  the  operation  of  trains  more  con- 
venient and  safe,  but  also  adding  to  the  capacity 
of  their  trackage  and  equipment.  Similarly, 
where  electrification  has  been  adopted  by  steam 
railways,  greatly  increased  capacity  has  resulted. 
Track  elevation  in  Chicago  was  brought  about 
to  satisfy  the  public  demand  for  reduction  in 
number  of  casualties  at  grade  crossings.  Possible 
benefit  to  railroads  other  than  this  received  no 
consideration,  and  the  public  fe.lt  that  the  work 
would  necessarily  be  a  burden  which  the  roads 
must  carry.  It  has  been  found,  however,  that 
track  elevation  has  been  of  sufficient  economic 
advantage  to  the  railroads  to  justify  the  invest- 
ment required  for  its  creation;  thus,  judging 
from  all  precedents,  it  is  reasonably  certain  that 
electrification,  although  at  present  considered  a 
formidable  undertaking,  is  an  improvement, 
which,  like  the  things  before  mentioned,  will 
prove  to  be  of  economic  value  to  the  railroads, 
and  also  that,  as  with  them,  its  application  will 
necessarily  be  brought  about  by  pressure  of  public 
demand. 

(4)   Temporary  Substitutes  for  Electrification  as 
an  Aid  in  Smoke  Suppression 

Assuming  that  electrification  is  urged  chiefly  as 
a  convenient  means  for  reducing  smoke,  ques- 
tions naturally  arise  as  to  whether  some  substi- 
tutes for  it  can  be  employed  at  smaller  cost.  The 
railway  companies  operating  within  the  limits 
of  the  City  of  Chicago,  in  their  endeavor  to 
make  steam  operation  less  objectionable,  have 
proposed  and  to  some  extent  are  now  using  for 
their  locomotives  various  forms  of  carefully 
selected  fuel.  Your  committee  recognizes  the 
fact  that  the  general  use  of  anthracite  coal  or  of 
coke  for  locomotives  would  eliminate  smoke,  but 
the  use  of  coke  would  not  only  be  accompanied  by 
an  increase  in  the  solid  material  now  discharged 
from  the  locomotive  stacks  but  would  also  involve 
other  disadvantages  from  an  operating  stand- 
point. It  would  not,  however,  reduce  the  noise 
incident  to  present  methods  of  operation  nor 
would  it  diminish  the  volume  of  furnace  gases 
discharged  nor  reduce  their  effect  in  vitiating  the 


atmosphere.  These  are  the  only  fuels  insuring 
smokeless  operation  which  in  the  present  state  of 
the  art  can  be  used  commercially  in  steam  loco- 
motives. The  so-called  "smokeless"  or  low  vol- 
atile varieties  of  coal  are  smokeless  only  to  the 
extent  of  being  less  smoky  than  local  coal.  Fuel 
oils  when  used  in  locomotive  fire-boxes  constitute 
no  guarantee  of  smokeless  combustion. 

The  general  adoption  of  any  specially  selected 
fuel  for  use  in  Chicago  is  by  no  means  a  simple 
matter.  The  use  of  anthracite  coal  or  coke,  for 
example,  will  greatly  increase  the  cost  of  fuel  to 
railways  making  the  change.  Such  fuels  can  be 
used  successfully  in  a  locomotive  fire-box,  but 
they  cannot  be  handled  with  the  same  facility  as 
the  bituminous  coal  now  used.  The  use  of 
anthracite  coal  or  coke  within  the  City  of  Chicago 
will  make  it  necessary  either  to  employ  the  same 
fuel  over  an  entire  division,  one  end  of  which  is  in 
the  City  of  Chicago  and  the  other  end  a  hundred 
miles  or  more  away,  or  the  existing  divisions  must 
be  cut  in  two  by  the  establishment  and  mainte- 
nance of  locomotive  terminals  just  outside  of  the 
City;  in  either  case  the  cost  of  operation  will  be 
increased. 

From  its  study  along  these  lines  it  appears  to 
your  committee  that  no  practice  depending  upon 
the  use  of  specially  selected  fuels  in  existing  forms 
of  steam  locomotives  can  ever  make  railway 
operation  within  the  City  of  Chicago  as  acceptable 
to  the  public  as  that  which  can  be  secured  through 
electrification ;  that  all  use  of  such  fuels  is  in  fact 
to  be  regarded  as  a  mere  palliative,  the  general 
adoption  of  which  is  to  be  encouraged  and  vigor- 
ously urged  notwithstanding  the  increased  cost 
entailed,  as  useful  in  meeting  the  present  emer- 
gency, but  as  in  no  sense  constituting  a  sub- 
stitute for  electric  operation. 

The  preceding  discussion  has  concerned  itself 
with  means  which  may  be  employed  to  suppress 
smoke  in  the  operation  of  modern  locomotives. 
The  possibility  of  applying  to  the  modern  steam 
locomotive  smoke  preventing  devices  designed  to 
permit  the  use  of  coal  tributary  to  Chicago  rail- 
roads without  developing  smoke  is  in  the  present 
state  of  the  art  a  process  of  great  uncertainty, 
and  one  which  in  locomotive  operation,  unless 
locomotives  are  re-designed  upon  an  entirely 
different  basis,  is  entirely  secondary  in  importance 
to  the  efforts  of  a  well-trained  fireman  working 
without  such  means.  Whether  the  future  will 
result  in  the  development  of  some  type  of  motor 
involving  the  use  of  internal  combustion  engines, 
of  such  power  as  to  be  capable  of  handling  the 
traffic  of  the  City  of  Chicago  as  a  substitute  for 
the  present  steam  locomotive,  and  whether  such 
motors,  if  made  available,  will  perform  the  service 
as  satisfactorily  and  at  as  low  a  cost  as  it  can 
now  be  performed  by  electric  locomotives,  are 
entirely  matters  of  speculation. 

(5)   The  Complete  Elimination  of  Smoke  in  Chicago 

The  complete  electrification  of  Chicago  railway 
terminals  would  not  suffice  to  make  the  city 
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smokeless.  It  has  been  estimated  that  only  from 
30  to  50  per  cent  of  all  the  smoke  which  pol- 
lutes the  atmosphere  of  Chicago  comes  from  lo- 
comotives. The  remainder  is  from  domestic  and 
industrial  fires,  small  and  large.  Large  industrial 
fires  may,  through  the  use  of  appliances  which 
are  well  known,  readily  be  made  smokeless, 
and  it  is  to  fires  of  this  class  that  the  City. 
Smoke  Department  has  given  most  attention. 
A  large  percentage  of  the  total  smoke  comes 
from  domestic  fires  or  from  industrial  fires  so 
small  as  to  make  difficult  the  bestowal  of  sufficient 
care  upon  them  to  secure  the  prevention  of  smoke. 
Any  plan,  therefore,  which  aims  at  the  develop- 
ment of  a  smokeless  city  must  deal  effectively 
with  such  small  fires.  Interpreting  this  problem, 
in  terms  of  Chicago's  fuel  resources  and  our 
present  knowledge  of  the  art,  requires  a  very 
strict  enforcement  of  City  ordinances  not  only 
for  the  suppression  of  smoke  from  equipment 
already  installed,  but  very  stringent  regulations 
governing  installation  of  new  furnace  apparatus. 
With  the  present  administration  of  the  Depart- 
ment of  Smoke  Prevention,  under  the  direction 
of  a  competent  commission,  it  is  probable  that  a 
new  and  better  ordinance  than  that  now  in  force 
could  be  of  limited  value  at  the  present  time, 
but  the  future  will  impose  requirements  not  dealt 
with  at  present. 

While  the  policies  and  methods  at  present  em- 
ployed in  the  conduct  of  the  Department  of  Smoke 
Inspection  are,  without  doubt,  correct  in  a  general 
way,  there  are  several  matters  that  should  receive 
particular  attention,  as  follows: 

a.  Much  smoke  is  produced  at  night,  on  Sun- 
days and  holidays,  when  the  city  smoke  inspec- 
tors are  not  at  work.     As  this  smoke  is  fully 
as   objectionable   as   the    smoke   made    during 
other    times,    the   immediate    establishment    of 
smoke  inspection  service  during  these  periods  is 
recommended. 

b.  When    an    enlarged    organization    of    the 
Department   has   been   effected,   the   ordinance 
should  be  changed  to  deal  with  different  grades  of 
smoke  instead  of  dense  smoke  only,  as  at  present. 

c.  The  small  heating  boiler  used  in  apartment 
houses,  small  flat  buildings  and  residences  is  a 
very  crude  appliance.     The  state  of  the  art  in  its 
application  to  apparatus  of  this  character  is  in  the 
same  undeveloped  stage  as  that  of  the  standard 
type  of  boiler  furnace  years  ago,  and  its  develop- 
ment has  remained  stationary  while  that  of  the 
power  boiler  has  made  great  advances.     There- 
fore, the  development  of  improved  types  of  low 
pressure  heating  boilers  should  be  encouraged 
and   within    reasonable   time    their    use    made 
compulsory. 

d.  The  use  of  such  smokeless  fuels  as  gas  and 
coke  should  be  encouraged.     Each  is  an  ideal  fuel 
for  domestic  and  small  intermittent  fires.     The 
only  limitation  to  their  employment  is  that  of 
cost  and  anything  that  will  reduce  that  cost 
should  be  encouraged. 


e.  The  extension  of  the  plan  for  supplying 
steam  for  heat  and  power  to  adjacent  buildings 
from  a  plant  centrally  or  conveniently  located 
with  reference  to  those  to  be  served,  is  a  scheme 
having  great  possibilities  for  the  elimination  of 
smoke,  as  it  makes  possible  the  generation  of 
steam  under  more  favorable  conditions  than 
prevail  in  small  plants. 

/.  The  installation  of  automatic  stokers  in  the 
smaller  steam  power  plants  should  be  enforced. 

g.  As  there  appears  to  be  no  way  of  operating 
river  tug  boats  without  objectionable  smoke 
except  by  the  use  of  anthracite  coal,  the  boats 
on  the  Chicago  River  should  be  required  to  use 
such  fuel. 

h.  Passenger  and  freight  steamers  in  the 
Chicago  River  should  either  be  required  to  use  a 
better  grade  of  fuel  than  at  present,  or  mechanical 
stokers  should  be  installed  to  use  the  fuel  now 
employed. 

i.  There  are  many  special  problems  in  con- 
nection with  the  prevention  of  smoke  that  have 
and  will  present  themselves  from  time  to  time, 
requiring  special  and  particular  study.  Such 
problems  consist  in  the  suppression  of  smoke 
from  furnaces  of  rolling  mills,  brickyards,  malle- 
able iron  plants,  terra  cotta  works  and  in  similar 
industries,  as  well  as  from  automobiles,  etc. 

In  conclusion  your  committee  would  summarize 
the  results  of  its  deliberations,  regarding  elec- 
trification, as  follows: 

a.  That  it  is  practicable  from  an  engineering 
standpoint. 

b.  That  when  effected  it  will  be  of  economic 
advantage  to  the  railroads. 

c.  That  it  will  present  no  greater  element  of 
danger  to  passengers  and  employes,  if  properly 
installed,  than  now  exists  with  steam  operation. 

d.  That  the  most  serious  and  difficult  feature 
of  the  problem  is  the  financial  one. 

With  reference  to  the  general  smoke  problem, 
your  committee  considers  that  it  is  a  larger  and 
more  serious  one  than  realized  by  the  general 
public.  Also  that  its  solution  justifies  an  increase 
in  the  facilities  of  the  Department  of  Smoke 
Inspection. 

Respectfully  submitted, 

JOHN  M.  EWEN, 
BION  J.  ARNOLD, 
A.  BEMENT, 
PAUL  P.  BIRD, 
WM.  B.  JACKSON, 
W.  F.  M.  Goss, 
C.  E.  MERRIAM. 
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The  report  having  been  received  by  the  Pres- 
ident of  the  Association  of  Commerce,  a  joint 
meeting  of  the  Board  of  Directors,  the  Executive 
Committee  and  the  special  committee  on  Smoke 
Abatement  and  Electrification  of  Railroads  was 
held  on  August  19,  1910,  for  the  purpose  of 
considering  its  findings.  Several  members  of 
the  special  committee  which  formulated  the 
report  responded  to  questions  and  enlarged  upon 
certain  features  of  it.  The  consensus  of  opinion 
expressed  at  the  meeting  was  to  the  effect  that  no 
definite  action  should  be  taken  upon,  nor  pub- 
licity given,  the  report  until  copies  had  been 
furnished  to  those  railroads  which  were  members 
of  the  Association,  and  an  opportunity  thereby 
afforded  their  delegated  representatives  to  take 
up  the  various  features  of  the  report  with  the 
Association  and  with  the  special  committee, 
the  purpose  being  to  ascertain  the  views  of  the 
railroads. 

Pursuant  to  the  sentiment  of  the  meeting  of 
August  19,  1910,  and  in  accordance  with  a  formal 
resolution  to  that  effect,  a  conference  was  held 
on  September  22,  1910,  at  which  the  Board  of 
Directors  of  the  Association  of  Commerce  was 
represented  by  13  members,  the  Executive  Com- 
mittee by  9  members,  exclusive  of  those  who 
were  also  members  of  the  Board  of  Directors,  and 
the  railroads  operating  in  Chicago  by  15  general 
officers  representing  15  railroads.  At  this  con- 
ference emphasis  was  laid  upon  the  fact  that  the 
report  was  based  upon  the  opinions  of  individual 
members  of  the  committee  and  that  the  com- 
mittee was  in  possession  of  no  information  not 
available  to  others.  The  desirability  of  a  thor- 
ough investigation  was  discussed  and  the  Asso- 
ciation was  assured  that  the  railroads  would 
co-operate  with  it  in  carrying  out  such  an 
investigation. 

The  results  of  this  conference  were  reported 
to  the  Board  of  Directors  of  the  Association  at  a 
meeting  held  on  December  i,  1910,  at  which  time, 
however,  it  was  announced  that  the  city  of 
Chicago  had  proposed  a  commission  to  investigate 
the  question  of  electrification  without  reference 
to  the  matter  of  smoke  abatement.  An  inter- 
change of  views  between  officers  of  the  Association 
and  Mayor  Busse  of  the  city  led  to  the  adoption 
by  the  Board  of  a  resolution  tendering  the  services 
of  the  Association  to  the  Mayor  in  respect  to  any 


plans  involving  the  formation  of  a  commission  and 
offering  to  aid  him  in  the  work  contemplated. 

This  may  be  considered  the  conclusion  of  the 
work  of  the  first  committee  of  the  Chicago 
Association  of  Commerce.  Subsequent  action  of 
the  Board  of  Directors  looked  to  the  formation  of 
a  joint  committee  representing  the  Association 
and  the  city. 

1.13  The  Organization  of  the  Present  Asso- 
ciation of  Commerce  Committee  of  Investigation 
on  Smoke  Abatement  and  Electrification  of 
Railway  Terminals:  In  accordance  with  the 
resolution  of  the  Board  of  Directors  of  the  Asso- 
ciation of  Commerce  at  a  meeting  held  on  Decem- 
ber i,  1910,  as  outlined  in  the  preceding  section, 
the  following  letter  was  approved  at  a  meeting 
held  on  December  13,  and  was  sent  to  Mayor 
Busse  and  the  City  Council  on  that  date": 

CHICAGO,  December  13,  1910 

To  THE  HONORABLE  MAYOR 
AND  THE  CITY  COUNCIL 
OF  THE  CITY  OF  CHICAGO,  ILLINOIS: 

GENTLEMEN: 

The  Chicago  Association  of  Commerce  believes 
that  the  question  of  electrifying  the  steam  railway 
terminals  and  trackage  within  the  limits  of  the 
City  of  Chicago  is  worthy  of  a  comprehensive 
analysis  by  experts  acting  under  the  direction 
of  an  impartial  Civic  Commission  or  Committee. 

Through  one  of  our  Special  Committees  we 
have,  for  eighteen  months,  studied  one  phase  of 
the  subject,  and  have  now  reached  a  point  where 
it  seems  necessary  to  go  into  the  practical  or 
business  side  of  the  question,  involving  among 
other  things  the  element  of  cost. 

We  desire  to  co-operate  with  the  City  in  this 
work,  and  therefore  suggest  that  his  Honor,  the 
Mayor,  name  four  persons  whom  we  will  be  glad 
to  add  to  our  Committee.  The  contemplated 
work  will  be  done  without  expense  to  the  City 
and  the  results  thereof  will  be  turned  over  to  the 
City. 

Respectfully  yours, 

THE  CHICAGO  ASSOCIATION  OF  COMMERCE, 
HOMER  A.  STILLWELL,  PRESIDENT 

At  a  meeting  of  the  Board  of  Directors  on 
January  6,  1911,  the  following  reply  was  read: 

CHICAGO,  January  6,  1911 

THE  CHICAGO  ASSOCIATION  OF  COMMERCE, 
CHICAGO,  ILLINOIS. 

GENTLEMEN: 

This  is  to  certify  that  on  the  igth  of  December, 
1910.  his  Honor,  the  Mayor,  with  the  concurrence 
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of  the  City  Council,  appointed  Col.  Milton  J. 
Foreman,  Mr.  T.  E.  Donnelley,  Dr.  W.  A. 
Evans  and  Mr.  Paul  P.  Bird,  as  additional  mem- 
bers of  the  Committee  of  your  Association  in  the 
matter  of  the  Electrification  of  Steam  Railway 
Terminals,  as  suggested  in  your  communication 
of  December  13,  1910,  addressed  to  the  Mayor 
and  City  Council. 

(Signed)   FRANCIS   D.   CONNERY, 

City  Clerk. 

The  communication  was  referred  to  the  incom- 
ing Board  of  Directors,  to  accept  the  appointment 
of  the  persons  named  as  members  of  the  Asso- 
ciation's Committee  on  Electrification. 

At  a  meeting  of  the  Board  of  Directors  on 
January  28,  1911,  the  chairman  stated  that  the 
plan  which  was  submitted  to  the  Mayor  before 
the  matter  was  referred  to  the  Association,  pro- 
vided that  funds  should  be  furnished  by  the  rail- 
roads in  order  that  competent  engineers  could 
be  employed.  He  asked  for  permission  to  con- 
tinue negotiations  to  this  end,  as  it  had  not  yet 
been  determined  what  amount  of  money  could 
be  expended.  It  was  clear  that  the  Association 
could  not  use  its  own  funds  for  this  purpose. 

The  Board  instructed  the  president  to  continue 
the  negotiations. 

On  February  27,  1911,  a  conference  was  held 
at  which  the  presidents  of  seven  railroads  were 
present.  The  whole  situation  was  discussed,  and 
consideration  was  given  to  the  question  of  the 
expense  of  a  comprehensive  investigation  by 
experts.  The  results  of  this  conference  were 
reported  to  the  Executive  Committee  on  March  3 , 
1911,  when  the  announcement  was  made  that  the 
railroads  had  agreed  to  pro-rate  among  themselves 
the  expense  of  an  impartial  investigation  to  be 
made  under  the  auspices  of  the  Association  of 
Commerce.  It  was  stated  that  the  commission 
to  undertake  the  work  would  comprise  the  four 
members  named  by  the  Mayor,  four  to  be  named 
by  the  railroads  and  nine  to  be  selected  by  the 
Association  of  Commerce. 

On  March  17,  1911,  the  President  of  the  Asso- 
ciation announced  the  personnel  of  the  Committee 
as  follows: 

Named  by  the  Mayor 

DR.  W.  A.  EVANS,  Commissioner  of  Health 
PAUL  P.  BIRD,  Smoke  Inspector 


T.  E.  DONNELLEY,  R.  R.  Donnelley  &  Sons 
Co.,  Chairman  Smoke  Abatement  Com- 
mission, City  of  Chicago 

MILTON  J.  FOREMAN,  Attomcy-at-Law, 
Chairman,  Committee  on  Local  Transpor- 
tation, City  Council 

Named  by  the  Railroads 

W.  A.  GARDNER,  President  Chicago  &  North 
Western  Railway 

H.  G.  HETZLER,  President  Chicago  &  Western 
Indiana  Railroad 

DARIUS  MILLER,  President  Chicago,  Burling- 
ton &  Quincy  Railroad 

C.  E.  SCHAFF,  Vice  President  New  York  Cen- 
tral Lines 

Named  by  the  Association  of  Commerce 

W.  F.  M.  Goss,  Dean  of  the  College  of  En- 
gineering of  the  University  of  Illinois 

E.  R.  GRAHAM,  D.  H.  Burnham  &  Company 

RICHARD  C.  HALL,  President  Duck  Brand 
Company 

JESSE  HOLDOM,  Attorney-at-law 

FREDERICK  H.  RAWSON,  President  Union 
Trust  Company 

HARRISON  B.  RILEY,  President  Chicago  Title 
&  Trust  Company 

JOHN  W.  SCOTT,  Carson,  Pirie,  Scott  &  Com- 
pany 

FRANCIS  T.  SIMMONS,  President  Francis  T. 
Simmons  &  Company 

MASON  B.  STARRING,  President  Northwestern 
Elevated  Railroad 

These  nominations  were  formally  confirmed  by 
the  Association  of  Commerce. 

The  Committee  thus  appointed  organized  on 
April  i,  1911,  by  electing  Jesse  Holdom,  Chair- 
man, T.  E.  Donnelley,  Vice-Chairman,  and 
Frederick  H.  Rawson,  Secretary. 

At  a  subsequent  meeting  (April  28,  1911)  the 
scope  of  the  proposed  investigation  was,  on 
recommendation  of  a  subcommittee,  defined 
as  follows : 

1.  A   determination   as  to  the  necessity  of 
changing  the  motive  power  of  steam  railroads  to 
electric  or  other  power. 

2.  The  mechanical  or  technical  feasibility  of 
such  change. 

3.  The  financial  practicability  of  such  change. 
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These  general  topics  naturally  subdivide  into 
various  channels  for  investigation,  but  your 
committee  is  of  the  opinion  and  so  reports,  that 
these  subdivisions  should  be  determined  as  the 
investigation  proceeds,  by  the  chief  engineer  in 
charge,  and  that  the  order  in  which  such  investi- 
gation shall  proceed  be  determined  by  the  chief 
engineer,  subject,  however,  to  further  direction 
of  the  Committee. 

The  following  presidents  of  the  Association  of 
Commerce  became  ex  officio  members  of  the 
Committee  during  their  respective  terms  of  office : 
Harry  A.  Wheeler  in  1 9 1 1 ;  E .  U .  Kimbark  in  1912; 
Howard  Elting  in  1913;  Joseph  H.  Defrees  in 
1914;  and  Charles  L.  Dering  in  1915. 

At  different  periods  Messrs.  Schaff  and  Starring 
withdrew.  J.  J.  Bernet  was  appointed  to  succeed 
C.  E.  Schaff  and  Harry  A.  Wheeler  succeeded 
Mason  B.  Starring. 

On  May  26,  1914,  Mr.  Rawson  resigned  as  a 
member  of  the  Committee  and  as  secretary. 
Norman  H.  Davis  was  appointed  secretary  ad 
interim  and  Howard  Elting  was  appointed  to 
succeed  Mr.  Rawson  as  a  member  of  the  Com- 
mittee. Mr.  Elting  resigned  January  8,  1915, 
and  he  was  in  turn  succeeded  by  Joseph  H. 
Defrees. 

Darius  Miller  died  August  23,  1914,  and  was 
succeeded  by  Hale  Holden,  September  22,  1914. 

On  April  14,  1911,  Horace  G.  Burt  was  elected 
to  the  office  of  Chief  Engineer  and  assumed  his 
duties  on  May  i.  To  him  was  assigned  the 
complex  problem  of  outlining  the  work  of  assem- 
bling and  organizing  an  expert  staff  which  should 
be  capable  of  conducting  the  various  researches 
to  be  undertaken.  Mr.  Burt  had  few  precedents 
to  guide  him,  for  no  community  had  ever  before 
set  itself  to  such  a  task  with  an  equal  conception 
of  its  magnitude  and  an  equal  desire  to  leave 
nothing  undone  which  could  add  to  the  value  of 


the  proposed  work.     The  staff  was  organized  as 

follows : 

HORACE  G.  BURT      ....     Chief  Engineer 

L.  H.  EVANS Terminal  Engineer 

HUGH  PATTISON  ....  Electrical  Engineer 
THEO.  H.  CURTIS  .  .  Mechanical  Engineer 
JAMES  WALKER  ....  Assistant  Engineer 
GIBBS  &  HILL  Consulting  Electrical  Engineers 
GEORGE  R.  HENDERSON 

Consulting  Mechanical  Engineer 

BENJ.  C.  BURT Editor 

NORMAN  H.  DAVIS Secretary 

Mr.  Burt  died  May  19,  1913,  and  on  June 
29,  1913,  W.  F.  M.  Goss  was  elected  to  fill  the 
vacancy.  There  has  been  no  cessation  of  work 
since  the  beginning.  Changes  in  the  staff  have 
taken  place  from  time  to  time  and  minor  details 
of  investigation  contemplated  in  the  original 
conception  have  been  omitted;  but  the  general 
plan  as  formulated  by  Mr.  Burt  has  been  followed. 

In  the  fulfilment  of  its  purpose  the  Committee 
has  sought: 

1.  To  conduct  a  comprehensive  study  of  the 
causes  and  effects  of  atmospheric  pollution  in  the 
city  of  Chicago  and  to  determine  the  extent  to 
which  steam  locomotives  contribute  thereto. 

2 .  To  present  a  summary  of  facts  upon  which 
electrification,  if  entered  upon,  must  be  justified, 
assuming  such  a  course  to  be  technically  and 
financially  practicable. 

3.  To  present  such  facts  as  tend  to  show  the 
advantages  and  disadvantages  of  complete  elec- 
trification and  an  estimate  of  its  cost. 

In  the  accomplishment  of  this  purpose,  the 
Committee  has  met  monthly  or  oftener  for  a 
period  of  more  than  four  years.  It  has  had  the 
assistance  of  many  different  agencies,  among  the 
chief  of  which  may  be  mentioned  the  railroad 
officials  of  Chicago.  The  results  of  the  Com- 
mittee's labors  are  to  be  seen  in  the  facts  present- 
ed by  this  report. 


PART  I 

THE  NECESSITY  FOR  THE  ELECTRIFICATION 
OF  CHICAGO'S  RAILROAD  TERMINALS 


101.     SMOKE  ABATEMENT  IN  LARGE  CITIES, 
DOMESTIC  AND  FOREIGN 

SYNOPSIS:  This  chapter  presents  a  review  of  literature  relating  to  smoke  and  smoke  abate- 
ment. It  seeks  to  reflect  the  history  of  smoke  abatement  since  the  time  when  smoke  first  was  regarded 
as  objectionable.  It  constitutes  a  world  view  of  the  development  and  of  the  present  state  of  the  art 
of  smoke  abatement. 

Efforts  to  reduce  the  smoke  of  cities  have  manifested  themselves  both  in  legal  prohibitions  and 
in  measures  designed  to  educate  firemen,  owners  of  furnaces  and  the  general  public  with  reference 
to  desirable  means  to  be  employed  in  reducing  smoke. 

Various  mechanical  devices  for  aiding  combustion,  for  disposing  of  smoke  and  for  reducing 
its  effects  are  described.  The  feasibility  of  dispensing  with  certain  sources  of  smoke  is  discussed. 
The  effects  of  smoke  upon  health,  vegetation  and  material  objects  are  shown  to  be  matters  upon 
which  there  is  much  diversity  of  opinion.  'Attempts  to  evaluate  them  have  not  been  entirely  successful. 


THE  LITERATURE  OF  SMOKE  ABATEMENT 


101.01  The  Committee's  Review  of  the  Litera- 
ture of  Smoke  Abatement:  As  an  initial  step  in 
the  development  of  its  researches,  the  Committee 
has  reviewed  with  care  the  published  records  of 
investigations  relating  to  smoke  abatement  which 
have  been  made  by  scientific  commissions  and 
professional  experts  in  this  and  other  countries. 
It  has  translated  a  voluminous  file  of  foreign  docu- 
ments. The  various  papers  and  reports  which 
have  thus  been  brought  together  may  be  assumed 
to  present  a  world  view  of  the  history  and  progress 
of  smoke  abatement.*  Any  attempt  to  reduce 
this  mass  of  material  to  the  limits  of  a  few  pages 

•Archives  of  the   Committee,  Vols.  M  i  to  M  S-     For  list  of  the  authori- 
ties consulted,  see  Appendix,  section  701.59.  Bibliography. 


presents  great  difficulties,  but  it  is  believed  that 
the  account  which  follows  reflects  with  rea- 
sonable accuracy  the  important  facts  of  the  more 
extensive  record  and  that  it  will  serve  to  give 
a  broad  view  of  the  general  problem  which  con- 
fronts Chicago. 

Smoke  and  soot  are  generally  regarded  as  mod- 
ern evils  attending  the  rapid  industrial  develop- 
ment of  the  nineteenth  and  twentieth  centuries, 
but  they  are  not  so  in  fact.  Our  first  definite 
information  of  the  use  of  coal  in  Europe  is  gained 
from  complaints  which  were  registered  against  it 
as  a  nuisance.  In  England  in  the  time  of  Ed- 
ward I  (1272-1307)  the  nobility  protested  against 
the  use  of  "sea-coal,"  as  bituminous  coal  was 
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called  to  distinguish  it  from  charcoal,  and  in  the 
reign  of  Edward  II  (1307-1327)  a  man  is  said  to 
have  been  put  to  torture  in  London  because  he 
had  filled  the  air  with  "a  pestilential  odor" 
through  the  use  of  coal.  On  the  continent  com- 
plaints arose  almost  as  early.  In  1348  at  Zwickau 
in  Germany  the  town  authorities  proclaimed  as 
law:  "Know  ye  that  all  smiths  working  within 
the  walls  shall  refrain  from  the  use  of  coal  in  their 
work."  From  those  early  days  down  to  the 
present,  the  consumption  of  bituminous  coal  has, 
however,  continued,  though  constant  efforts  to 
suppress  or  restrict  its  use  have  been  made.* 

The  earliest  scientific  treatise  in  English  on 
smoke  abatement  seems  to  have  been  a  small 
volume  addressed  to  King  Charles  II  in  1661  and 
published  by  his  express  command,  entitled, 
"Fumifugium;  or  the  Inconvenience  of  the  Aer 
and  Smoak  of  London  Dissipated:  together  with 
some  Remedies  Humbly  Proposed."  The  author 
was  the  famous  diarist,  John  Evelyn,  one  of  the 
founders  of  the  Royal  Society.  A  few  years  later, 
in  1686,  a  Mr.  Justel  read  before  the  Philosophical 
Society,  "An  Account  of  an  Engine  that  Con- 
sumes Smoke,"  and  in  1716  Dr.  Desaguliers,  a 
Fellow  of  the  Royal  Society,  published  an  octavo 
volume  entitled,  "Fire  Improved:  being  a  New 
Method  of  Building  Chimnies  so  as  to  Prevent 
their  Smoaking."  Toward  the  end  of  the  eight- 
eenth century  many  scientific  and  practical  men, 
including  the  distinguished  engineer  James  Watt 
and  the  ever  active  Benjamin  Franklin,  devoted 
their  thought  to  different  problems  arising  from 
the  use  of  bituminous  coal  for  domestic  and 
industrial  purposes. 

Modern  methods  of  investigation  applied  to 
smoke  abatement  may,  however,  be  said  to  date 
from  1819,  when  the  British  Parliament  appointed 
a  Select  Committee  to  study  and  report  upon  it. 
Since  then  there  have  been  innumerable  discus- 
sions and  investigations,  and  the  mass  of  reports 
and  printed  matter  has  grown  with  great  rapidity. 
These  are,  of  course,  of  varying  value,  but  there 
are  many  which  deserve  careful  consideration.! 

•In  England,  Richard  II  (1377-1399)  laid  a  tax  on  coal  ships,  and  Henry  V 
(1413-1422)  appointed  a  commission  to  oversee  the  importation  of  coal  into 
London.  Under  Elizabeth  the  use  of  coal  was  prohibited  during  the  sessions 
of  Parliament. 

tE.  H.  McClelland.  "Bibliography  of  Smoke  and  Smoke  Prevention" 
Mellon  Institute  Smoke  Investigation,  University  of  Pittsburgh  Bulletin 
No.  i.  1913. 


The  main  phases  of  the  general  subject  which 
have  been  discussed  include: 

1.  The  effects  of  smoke  upon  health  and  com- 
fort, upon  vegetation,   and  upon  architecture, 
sculpture,  fabrics  and  other  material  objects. 

2.  The  means,  mechanical  and  legal,  of  decreas- 
ing these  effects  by  preventing  or  diminishing  the 
emission  of  smoke. 

3.  The  nature  of  smoke,   its  polluting  effect 
upon  the  atmosphere,  smoke  formation  and  the 
measurement  of  smoke. 

Many  of  the  discussions  are  merely  sentimental, 
and  even  where  scientific  aims  and  methods  have 
prevailed,  positive  and  definite  results  are  gener- 
ally  meager.     Probably   the   topics   best   under- 
stood include  the  nature  of  smoke,  its  formation 
and  the  mechanical  means  of  preventing  it,  but 
even  on  these  points  opinion  is  not  unanimous. 
Of  the  effects  of  smoke  upon  animal  life,  plants 
and  inanimate  objects,  of  the  nature  and  extent 
of  pollution  of  the  air  by  smoke,  and  even  of  the 
modes  of  smoke  estimation,  the  basis  for  positive 
and    accurate    judgments    is    less    in    evidence, 
although  the  existence  of  a  strong  popular  senti- 
ment   against    smoke    cannot    be    denied.     The 
contrast  which  appears,  for  example,  between  the 
frequency  and  vehemence  with  which  smoke  is 
denounced  and  the  amount  of  experimental  or 
statistical   evidence  as  to   the  effects  of   smoke 
upon  human  health,  is  rather  striking.     A  large 
part  of  the  literature  bearing  upon  these  important 
topics  is  found,  when  carefully  examined,  to  con- 
sist of  mere  conjecture,  of  repetitions  of  the  con- 
jectures of  others,   of  expressions  of  instinctive 
antipathies,  or  of  opinions  expressed  merely  for 
immediate  effect  and  unsupported  by  competent 
evidence.     Numerous  detailed  observations,   ex- 
periments  and   analyses   have   yet   to   be   made 
before  the  general  subject  of  smoke  abatement 
can  be  said  to  have  attained  a  truly  scientific 
form.     This  fact  not  only  appears  from  a  general 
survey  of  the  literature  of  smoke  abatement,  but 
is  distinctly  announced  by  some  of  its  ablest  in- 
vestigators.    The  literature  shows  that  the  prob- 
lems involved  have  attracted  the  attention  of 
men  of  eminence  in  engineering,  in  medicine,  in 
law,  in  biology  and  in  practical  affairs,   a  fact 
which  more  than  justifies  their  careful  review. 

101.02  Definitions  of  Smoke:  Two  concep- 
tions of  smoke  have  prevailed,  one,  which  regards 
it,  to  use  the  words  of  Dr.  Johnson's  Dictionary,  as 
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"the  visible  effluvium  or  sooty  exhalation  of  any- 
thing burning";  another,  which  takes  account  of 
the  invisible  as  well  as  of  the  visible  constituents. 
The  former  is  the  older  conception  and  represents 
even  today  the  view  popularly  entertained.  No 
matter  how  great  a  volume  of  invisible  gaseous 
products  of  combustion  may  be  sent  forth  by  a 
chimney,  the  chimney,  in  common  parlance,  is 
said  n6t  to  smoke  so  long  as  it  emits  no  visible 
exhalation.  Modern  dictionaries  and  cyclopedias, 
taking  account  of  this,  usually  add  to  the  old 
definition  some  such  statements  as  the  following: 
"Hence,  sometimes,  technically,  any  such  incom- 
pletely burned  volatilized  product,  whether  visible 
or  not";*  "in  its  more  extended  sense,  the  word 
'smoke'  is  applied  to  all  the  volatile  products  of 
combustion  which  consist  of  gaseous  exhalations 
charged  with  minute  portions  of  carbonaceous 
matter  or  soot."t  A  German  investigator  of  air 
pollution,  Wolpert,  gives  perhaps  the  most  exact 
and  inclusive  definition  of  smoke  by  describ- 
ing it  as  "the  products  of  combustion  diffused 
in  air." 

101.03     Smoke  as  Defined  by  the  Ordinances: 

In  general,  the  prohibition  of  smoke  ordinances 
relates  to  smoke  in  its  visible  aspect.  The  New 
York  City,  Toronto,  Minneapolis,  Denver,  Des 
Moines  and  Milwaukee  ordinances  prohibit 
"dense  smoke."  In  Baltimore,  it  is  "black  or 
dark  gray  smoke";  in  Knoxville,  "dense  black  or 
dense  gray  smoke";  in  Springfield,  Mass.,  "dark 
smoke  or  dense  gray  smoke";  in  St.  Louis,  "dense 
black  or  thick  gray  smoke" ;  in  Winnipeg,  Toledo, 
Indianapolis,  Richmond,  Ind.,  and  Reading,  Pa., 
"dense  black  or  gray  smoke."  In  the  cities  of 
Great  Britain,  it  is  "black  smoke";  in  Paris, 
France,  "black,  thick,  and  continuous  smoke";  in 
the  cities  of  Germany,  "smoke  containing  soot  in 
visible  quantities."  In  a  few  ordinances,  for  ex- 
ample, those  of  Buffalo,  Cleveland,  London  and 
Munich,  "noxious  gases  or  vapors  or  offensive 
odors"  are  prohibited  and  recent  British  legisla- 
tion has  specifically  included  "mineral  grit." 
The  Philadelphia  ordinance  attempts  greater  pre- 
cision by  specifying  "smoke  intercepting  more 
than  60  per  cent  of  light,  and  fumes  of  sulphurous 
or  noxious  odor."  In  Yonkers,  N.  Y.,  the  ordi- 
nance prohibits  "smoke,  cinders,  dust,  gas,  detri- 

*  The  New  International  Dictionary. 
tThe  Imperial  Dictionary. 


mental  or  annoying  to  any  persons  not  engaged  on 
the  premises." 

Obviously,  the  terms  by  which  objectionable 
smoke  is  denned  in  the  smoke  abatement  ordi- 
nances are  not  precise.  In  many  cases  they  have 
been  found  too  elastic  to  enable  proper  enforce- 
ment of  the  ordinance.  A  comprehensive  defini- 
tion of  smoke  must  take  account  of  the  process  by 
which  smoke  is  produced,  the  nature  and  com- 
position of  its  constituents,  the  manner  in  which 
these  may  be  diffused  in  the  air  and  the  degree  to 
which  they  may,  separately  or  collectively,  be 
regarded  as  injurious. 


101.04  The  Formation  of  Smoke:  The  fac- 
tors affecting  smoke  formation,  as  usually  set 
forth  by  the  literature  of  the  subject  are  : 

1.  The  combustible  (fuel  or  substance  burned). 

2.  The  supporter  of  combustion  (air). 

3.  The  temperature  at  which  combustion  proceeds. 

The  composition  of  the  various  kinds  of  fuel  is 
too  extensive  a  subject  for  present  discussion.  It 
must  suffice  to  note  that  the  combustible  elements 
in  coal  may  be  grouped  into  two  divisions,  name- 
ly, volatile  matter  and  fixed  carbon.  The  propor- 
tion of  these  varies  greatly.  In  anthracite  coal  the 
fixed  carbon  is  relatively  high  and  the  volatile  com- 
bustible low.  In  bituminous  coals  the  carbon 
content  is  lower  and  the  volatile  content  higher. 

As  a  supporter  of  combustion,  air  may  be 
regarded  as  composed  of  oxygen  and  nitrogen 
in  proportions  approximately  as  follows: 


Oxygen 
Nitrogen 


PER  CENT  PER   CENT 

by  weight  23   .      .    by  volume  21 

"      77  •      •     "        "       79 


Oxygen  is  the  component  of  air  which  is 
actively  concerned  in  combustion,  but  indirectly 
nitrogen  is  of  importance.  Since  combustion  is  a 
chemical  process  in  which  a  definite  weight  of 
oxygen  unites  with  a  definite  weight  of  the  so- 
called  combustible,  it  is  clear  that,  for  complete 
combustion,  air  must  be  supplied  in  sufficient 
quantity  to  provide  enough  oxygen  to  unite  in 
proper  proportion  with  all  of  the  combustible. 
Moreover,  the  air  must  be  intimately  mixed  with 
the  combustible  so  that  the  oxygen  may  reach  and 
unite  with  every  particle  of  it.  Theoretically 
there  must  be,  for  every  pound  of  carbon,  2.67 
pounds  of  oxygen  or  11.55  pounds  of  air.  In 
ordinary  furnace  practice,  however,  it  is  necessary 
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to  provide  for  more  than  the  theoretical  amount  of 
air.  This  is  due  to  the  fact  that  not  all  of  the 
oxygen  present  can  be  used,  because  of  imper- 
fect mixing.  Some  oxygen,  therefore,  is  present 
in  the  stack  discharges. 

In  regard  to  the  third  factor  in  combustion, 
namely,  the  temperature,  a  few  elementary  prin- 
ciples only  can  be  stated.  Every  combustible 
has  its  ' '  critical  temperature ' '  below  which  it  will 
not  unite  with  oxygen,  that  is,  will  not  burn. 
The  premature  cooling  of  the  gases  of  a  furnace 
will  suppress  the  process  of  combustion.  Too 
great  a  supply  of  air  tends  to  reduce  the  tempera- 
ture of  a  furnace,  and  under  certain  conditions, 
tends  to  hinder  combustion.  The  presence  of  the 
nitrogen  leads  to  the  absorption  of  heat  and  to 
lower  furnace  temperatures,  with  the  result  that 
air  sustained  combustion  always  proceeds  at  a 
lower  temperature  than  the  combustion  of  a 
similar  fuel  in  the  presence  of  oxygen  alone. 
The  literature  touching  the  importance  of  air 
regulation  in  its  relation  to  that  of  temperature 
regulation  is  extensive.* 

101.05     The    Process    of    Combustion:    The 

eminent  English  mechanical  engineer,  the  late 
Bryan  Donkin.t  writes  that  "notwithstanding  all 
that  has  been  said  and  written  about  the  process 
of  combustion,  the  actual  way  in  which  the 
chemical  constituents  of  coal  separate  and  recom- 
bine  is  still  rather  uncertain."  Without  attempt- 
ing to  make  a  complete  summary  of  all  that  has 
been  written  concerning  combustion,  the  follow- 
ing may  be  noted  as  representing  a  generally 
accepted  view  as  presented  by  the  literature 
on  the  subject. 

Combustion  of  bituminous  coal  proceeds  by 
stages.  There  is  first  a  period,  occurring  at  a 
comparatively  low  temperature  (about  500  de- 
grees Fahrenheit),  of  "destructive  distillation" 
so-called,  in  which  a  disruption  in  the  substance 
of  the  fuel  takes  place,  the  volatile  portion  being 
thrown  off  and  separated  from  the  non-volatile. 
The  volatile  portion  is  described  as  consisting  of 
tarry  vapors,  or  hydrocarbons,  compounds  which 
in  themselves  are  subject  to  further  decomposition. 
The  second  stage  of  combustion  involves  the  de- 
composition of  the  hydrocarbons  and  the  burning 

»  For  example,  Lov  and  Haier;  seealso  "The  Aims  and  Work  of  theHambure 
Smoke  Abatement  Society,"  by  E.  Nies,  Chief  Engineer,  1912. 

t  "Heat  Efficiency  of  Steam  Boilers."  Chapter  IX,  1898. 


of  their  gaseous  constituents  at  a  temperature  of 
about  800  degrees  Fahrenheit.   This  stage  is  a  crit- 
ical one  as  regards  smoke  formation.     If  too  little 
air  is  admitted  to  the  furnace,  or  if  the  amount  ad- 
mitted is  not  properly  distributed,  a  portion  of 
the  carbon  in  the  fuel  is  carried  away  unburned 
and  visible  smoke  results.     If  too  much  air  is 
admitted,    local    cooling    often    occurs.     Smoke 
may  also  be  formed  if  the  gases  are  permitted  to 
come  in  contact  with  cool  surfaces,  such  as  the 
tube  surfaces  of  a  boiler,  thereby  checking  the 
process  of  combustion.     Again,  if  the  motion  of 
the  gases  towards  the  chimney  is  rapid  there  may 
not  be  sufficient  time  for  the  proper  mixing  of  the 
air  and  the  combustible,  and  smoke  may  appear 
as  a  result  of  this  incomplete  process.     The  third 
stage  of  combustion  proceeds  at  a  temperature 
which  is  normally  above  1 600  degrees  Fahrenheit. 
It  is  during  this  stage  that  the  non- volatile  portion 
of  the  fuel,  consisting  chiefly  of  carbon,  is  burned. 
This   third   stage   of  combustion  may  easily  be 
made    "smokeless";    but,  if   the   supply    of   air 
be  deficient,  incomplete  combustion  and  visible 
smoke  may  result. 

The  degree  of  thoroughness  attending  the  pro- 
cess of  combustion  is  often  described   as  either 
"perfect"  or  "imperfect,"  "complete"  or  "incom- 
plete."    Combustion  is  regarded  as  "complete" 
when  all  the  combustible  components  of  a  given 
fuel  are  consumed,  and  as  "incomplete  "  when  such 
combustible  components  are  only  partially  con- 
sumed.    In  the  case  of  a  fuel  composed  entirely 
of   combustible    material,    however,    combustion 
will   proceed   with   results   different   from   those 
which  appear  in  the  case  of  a  fuel  containing  an 
incombustible    constituent.     In    the    latter    case 
there  will  be  a  residue,  though  the  combustible 
material  in  the  fuel  may  be  burned  as   "com- 
pletely" as  in  the  first  case.     According  to  Prof. 
Orme  Masson,t  combustion  is  "complete"  when 
its  products  consist  simply  of  water  vapor,  car- 
bonic acid,  nitrogen  and  sulphurous  acid.     This 
definition  has  reference  to  the  combustion  of  a 
fuel  composed  wholly  of  combustible  materials. 
Another  authority  U  says  that  theoretically   the 
products   of   complete   combustion   are   carbonic 


}  "Smoke,"  Encyclopedia  Britannica,  Ninth  Edition. 

["Suppression  radicale  de  la  fumee  et  la  recuperation  de  ses  elements." 
(The  Complete  Suppression  of  Smoke  and  the  Recovery  of  its  Elements.) 
Moniteur  industriel.  Vol.  30,  p.  327,  1903. 
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acid,  water  vapor,  azote  (nitrogen),  besides  a 
minimum  amount  of  ash.  This  definition  would 
apply  in  the  case  of  most  ordinary  fuels,  ex- 
cept that  these  contain  sulphur,  which  is  in  part 
incombustible. 

Professor  Masson  specifies  that  the  products 
of  "incomplete  combustion, "  in  addition  to  those 
of  complete  combustion  above  named,  include 
hydrogen,  hydrocarbons,  carbonic  oxid  and 
unburnt  carbon  in  a  very  finely  divided  state. 
These  products,  he  says,  constitute  smoke  in  the 
proper  sense  of  the  term.  But,  according  to  the 
second  authority  above  quoted,  the  products  of 
incomplete  combustion  constituting  smoke  are: 

1.  Solid  particles — soot,  charcoal,  dust,  ashes. 

2.  Visible  gases — tar  and  water  vapor. 

3.  Invisible  gases — carbonic  oxid,   hydrogen, 
hydrocarbons,  nitrogen,  carbonic  acid  and  other 
negligible  elements. 

Donkin  points  out  that  ' '  some  authors  insist  on 
a  distinction  between  smoke,  or  the  condensed 
unburnt  tarry  vapors,  and  soot  which  is  prac- 
tically carbon  forming  the  residuum  after  the 
hydrogen  has  been  burnt  off  " ;  and  it  is  true  that 
many  authors  speak  of  "smoke  and  soot"  without 
implying  that  it  is  possible  practically  to  dis- 
tinguish between  them.  Donkin  himself,  while 
rejecting  this  distinction,  seems  to  separate  smoke 
proper  from  the  flue-gases  present  in  combustion 
whether  complete  or  incomplete. 

'  From  the  foregoing  it  seems  that  the  products 
of  "complete  combustion"  may  be  regarded  as 
practically  invisible,  while  those  of  "incomplete 
combustion"  are  or  may  be  visible.  This  dis- 
tinction cannot  be  applied  literally,  however,  in 
making  smoke  observations,  since,  under  certain 
conditions  of  draft,  ash  may  be  drawn  through  the 
stack  and  when  emitted  may  be  visible.  Such 
visible  products  of  "complete"  combustion  are 
necessarily  regarded  as  smoke.  Again,  certain 
products  of  "incomplete"  combustion  are  known 
to  be  invisible,  and  it  may  easily  happen  that  a 
product  of  incomplete  combustion  appearing  in 
the  furnace  as  visible  smoke  may  become  so 
diluted  with  air  or  steam  before  leaving  the  stack 
as  to  present  to  the  observer  an  impression  of 
smokelessness. 

Probably  the  only  positive  test  of  the  com- 
pleteness of  combustion  is  that  which  involves  an 
analysis  of  the  discharges  resulting  from  the 


process.  If  these  are  found  to  contain  no  com- 
bustible elements  the  combustion  may  be  accept- 
ed as  complete.* 

An  important  aspect  of  combustion  relates  to 
the  economical  use  of  fuels,  which  is  a  matter  that 
cannot  be  completely  separated  from  that  of 
smoke  prevention.  As  a  result  of  elaborate  tests 
made  in  recent  yearst  it  has  been  determined  that, 
under  certain  conditions  resulting  in  apparent 
smokelessness,  there  may  be  an  escape  of  unburned 
combustible  gases  with  a  consequent  loss  of  heat 
units,  while  conditions  which  may  utilize  fuel 
values  to  a  fuller  extent  result  in  a  slight  degree 
of  smokiness.  Careful  laboratory  tests  have  dem- 
onstrated, however,  that  the  amount  of  heat 
lost  in  "black  smoke"  is  comparatively  insig- 
nificant, one  investigator*  reporting  that  "under 
the  worst  possible  conditions  of  combustion,  if  the 
smoke  were  collected  there  would  be  a  saving  of 
only  14.7  pounds  from  a  ton  of  coal,  provided  all 
the  smoke  were  burnt  again." 

Summarizing  the  preceding  statements,  it  ap- 
pears from  the  literature  H  dealing  with  combustion 
and  with  the  relationship  between  the  process  of 
combustion  and  the  production  of  smoke  that: 

1.  Though  the  ordinary  definitions  and  usages 
of  the  term  "smoke"  have  reference  chiefly  to  its 
visible  aspect,  it  has  invisible  constituents  which, 
in  many  respects,  are  as  important  as  the  visi- 
ble.    A    full  understanding    of    the    effects    of 
smoke,  and  the  means  to  be  employed  to  abate 
it,  must  encompass  both  its  visible  and  invisi- 
ble aspects. 

2.  "Complete"  and  "incomplete"  as  applied 
to  combustion  are  relative  terms  and  do  not 
denote  processes  having  entirely  different  and 
opposed    results.     Complete    combustion    does 
not   always   eliminate   visible   smoke   nor   does 
incomplete   combustion  always  produce  visible 
smoke. 

3.  Among     the     products     of     combustion, 
whether   "complete"   or   "incomplete,"   are  to 
be  found  certain  non-combustible  constituents. 
Obviously,   the  abatement  of  these  cannot  be 
brought  about  merely  by  efforts  to  control  the 
process  of  combustion. 

*D.  T.  Randall.  H.  W.  Weeks.  "The  Smokeless  Combustion  of  Coal  in 
Boiler  Furnaces."  U.  S.  Bureau  of  Mines.  Bulletin  40.  1912.  For  a  table 
showing  the  varying  relations  between  carbon  dioxid  and  fuel  consumption, 
see  Barr's  "Combustion  of  Coal  and  Prevention  of  Smoke,"  1904. 

tF.  Haicr,  "Die  Beziehungen  zwischen  der  Rauchentwicklung  und  der 
Ausnutzung  der  Brennstoffe  und  die  Mittel  und  Wege  zur  Rauchverminderung 
im  Feuerungsbetrieb."  (The  Relation  between  the  Development  of  Smoke 
and  Utilization  of  Fuel  and  the  Ways  and  Means  of  Abating  Smoke  in  the 
Working  of  Furnaces.)  Zeitschrift,  des  Vereines  Deutscher  Ingenieure,  Vol.  49, 
pp.  20,  83,  167,  1905. 

JB.  P.  Flory.  "Test  of  the  Amount  of  Combustible  in  Smoke."  Sibley 
Journal  of  Engineering.  Vol.  IX.  1804-95. 

fin  the  Bibliography  of  the  subjects  covered  by  this  chapter  which  is  pre- 
sented in  the  Appendix,  section  701.59,  will  be  found  many  references  which 
will  prove  interesting  to  those  who  wish  to  follow,  in  greater  detail,  the  dis- 
cussions of  the  preceding  sections. 
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101.06  Smoke  Inspection:  Immediately  on 
being  discharged  from  the  stack,  smoke  becomes 
an  object  of  concern  to  the  city  smoke  inspector. 
The  literature  of  the  subject  shows  that  it  has 
generally  been  assumed  that  the  nuisance  of 
smoke  is  in  proportion  to  its  "visible  density." 
Some  account  of  the  various  methods  that  have 
been  in  use  for  determining  the  "density"  of 
smoke  as  it  appears  at  the  top  of  the  stack  or 
chimney  will  be  of  interest.  The  controlling  con- 
ditions are: 

1.  The   requirement  laid  down  by  the  ordi- 
nances under  which   inspection  proceeds,  as  to 
the  character  of  non-permissible  smoke,  as  "black 
smoke"  or  "dense  smoke."  * 

2.  A  standard  by  which  to  estimate  the  so- 
called  "black"  or  "dense"  smoke. 

3.  The  means  and  methods  by  which  smoke 
observations  may  be  made  and  recorded. 

The  number  of  degrees  of  color  or  ' '  visible  den- 
sity "  distinguished  in  the  different  scales  employed 
as  standards  of  measurement  has  ranged  from 
2  to  10.  One  of  the  earliest,  if  not  the  earliest, 
of  the  official  scales  contained  10  degrees  of  color, 
including  white  and  black,  the  degrees  being 
expressed,  not  by  name  or  number,  but  by 
specific  diagrams.  This  scale  was  used  by  Eng- 
lish experts  in  tests  made  in  1819  for  a  committee 
of  investigation.  About  1845  there  came  into 
use  in  Manchester,  England,  for  the  purposes  of 
ordinary  city  smoke  inspection,  a  scale  of  3 
degrees,  "no  smoke  visible,"  "moderate  smoke," 
"dense  smoke."  In  1860,  in  a  smoke  test  of  a 
steamship,  2  degrees  were  employed,  "light 
brown  smoke"  and  "dense  black  smoke."  At 
the  smoke  abatement  exhibition  of  Manchester 
and  South  Kensington,  England,  in  1881-82,  a 
scale  of  10  degrees  was  employed,  evidently 
under  the  authority  of  the  First  English  Smoke 
Commission,  the  work  of  which  was  done  during 
the  period  of  the  exhibition.  Naturally,  the  ob- 
ject sought  in  this  case,  as  in  the  investigations 
of  1819,  was  to  classify  the  performance  of  various 
furnaces  rather  than  to  ascertain  whether  the 
simple  requirement  of  a  city  smoke  ordinance  as 
to  density  of  smoke  was  violated  or  not.  The 
Second  English  Smoke  Commission,  in  1895, 
employed  a  scale  of  3  units,  "faint,"  "medium" 
and  "dense."  In  Germany,  at  about  the  same 

*  See  account  of  the  kinds  of  smoke  prohibited  by  city  ordinances,  section 
101.03. 


time,  a  commission  adopted  a  scale  of  5  degrees. 
In  Switzerland  a  scale  of  6  degrees  has  been  used. 

Several  means  have  been  employed  to  eliminate 
the  purely  personal  factor  in  the  application  of 
any  standard.  One  of  these  consisted  of  series  of 
printed  diagrams  of  different  shaded  areas  cor- 
responding to  the  different  shades  of  smoke. 
With  these  diagrams  before  them  at  the  time 
smoke  was  being  examined,  it  was  assumed  that 
stack  observers  could  hardly  fail  to  report  cor- 
rectly the  shade  of  smoke  observed.  Another 
means  was  that  of  photographing  the  smoke  ob- 
served or  of  photographing,  at  a  single  exposure, 
the  smoke  observed  and  the  standard  of  measure- 
ment. Glass  plates  of  different  shades,  presenting 
an  obstruction  to  light  corresponding  to  that  of 
the  smoke  observed,  have  also  been  found  useful 
as  standards  of  measurement. 

Each  of  the  means  previously  mentioned  has 
been  found  to  possess  its  peculiar  defects,  at  least 
for  the  purposes  of  accurate  comparison  or  prac- 
tical use.  A  uniform  and  permanent  coloring  or 
shading  of  diagrams  has  been  found  difficult  to 
duplicate.  Photographs  have  been  found  to  vary 
when  developed  under  different  conditions,  and 
the  shades  of  colored  glass  plates  are  subject  to 
apparent  variation  when  used  by  different  ob- 
servers. It  remained  for  Professor  Ringelmann 
of  Paris  to  produce  a  logical  and  easily  duplicated 
standard  of  measurement.  The  Ringelmann  scale 
consists  of  6  areas  of  equal  size  which  may  be 
drawn  in  black  ink  on  white  paper  or  cardboard. 
The  first  area  is  outlined  only;  its  surface  is  white. 
The  sixth  area  is  entirely  black.  The  intermediate 
areas  are  subdivided  into  small  squares  by  crossed 
lines,  the  width  of  the  lines  and  their  spacings  be- 
ing such  as  to  blacken  a  definite  portion  of  the  area. 
The  first  area  (white)  is  designated  as  O,  or  zero 
smoke,  t  The  second  area  is  drawn  so  that  20  per 
cent  of  its  surface  is  covered  by  black  lines.  This 
represents  No.  i,  or  20  per  cent  smoke.  The  third 
area  has  heavier  lines  which  cover  40  per  cent 
of  the  total  surface,  and  this  represents  No.  2,  or 
40  per  cent  smoke.  The  remaining  areas  repre- 
sent, respectively,  No.  3,  or  60  per  cent  smoke, 
No.  4,  or  80  per  cent  smoke,  and  No.  5  (black)  or 
100  per  cent  smoke. t 

t  See  translation  of   Professor  Ringelmann's  essay  in   La  revue   technique, 
June  25,  1898,  Archives  of  the  Committee,  Vol.  M  3. 

t  For  an  illustration  of  the  Ringelmann  scale  and  for  suggestions  concerning 
its  application,  see  section  105.02. 
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As  these  diagrams  may  be  produced  correctly 
by  anyone,  there  need  be  no  uncertainty  as  to  the 
exact  shade  of  blackness  denoted  by  the  number 
of  the  scale.  This  chart  has  been  in  use  for  more 
than  a  decade  in  France,  England  and  the  United 
States,  and  has  been  generally  adopted  by  cities 
as  the  official  standard  of  smoke  inspection. 
Professor  Ringelmann,  having  designed  this  chart 
not  merely  for  the  purpose  of  smoke  observation 
but  for  the  purpose  also  of  determining  actual 
degrees  of  smoke,  combined  with  the  table  of  de- 
grees of  smoke  density  a  table  of  co-efficients  by 
means  of  which,  the  time  duration  of  smoke 
emissions  of  the  various  densities  being  given, 
the  degree  of  the  nuisance  might  be  calculated. 
The  following  is  Professor  Ringelmann's  table  of 
co-efficients : 


SMOKE 

No.  i 

"       2 

"  3 
"  4 
"  5 


CO-EFFICIENT 

I.O 

.         2.8 
•          5-2 

8.0 

II  .2 


To  illustrate  the  application  of  these  co-effi- 
cients, let  it  be  supposed  that  smoke  of  density 
No.  3  is  emitted  for  two  minutes;  then  we  have  2  x 
3x5. 2,  or  31. 2,  as  the  degree  of  the  nuisance  com- 
mitted. Of  course,  a  number  of  such  calculations 
would  generally  be  combined  in  determining  fully 
the  extent  of  a  given  nuisance.  These  co-efficients, 
however,  have  not  been  received  with  the  same 
favor  as  have  the  charts,  and,  in  fact,  do  not  seem 
to  be  employed  at  all  in  estimating  smoke  nui- 
sances in  the  cities.  The  Ringelmann  scale  as 
a  means  of  measurement,  however,  is  now  very 
generally  used  and  the  assumption  seems  to  be 
that  its  use  furnishes  a  satisfactory  index  to  the 
amount  of  "nuisance"  resulting  from  the  emitted 
products  of  combustion.  This  assumption,  how- 
ever, has.  often  been  questioned,  for  the  simple 
reason  that  the  scale  serves  merely  for  measuring 
visibility,  while  smoke  is  known  to  include  invisible 
as  well  as  visible  constituents.  The  necessity  of 
employing  still  other  means  to  determine  the 
extent  of  the  nuisance  arising  from  smoke  will 
soon  be  recognized.  The  literature  of  the  subject 
reveals  no  satisfactory  measure  which  compre- 
hends all  the  qualities  of  smoke  in  a  single  value.* 

*  Some  original  investigations  along  this  line  have  been  undertaken  by  the 
Committee  and  are  elsewhere  reported,  chapter  105. 


•101.07    Composition  of  the  Atmosphere :    The 

atmosphere  of  large  cities  is  a  complex  mixture 
of  numerous  substances.  The  well-known  gaseous 
constituents  normally  found  in  the  atmosphere  of 
cities  include  oxygen,  nitrogen,  carbon  dioxid  and 
water  vapor.  Hydrocarbons,  solid  particles,  and 
compounds  of  nitrogen,  chlorin,  sulphur  and  car- 
bon are  also  found  in  varying  quantities.  Rare 
gases  such  as  argon,  helium,  neon,  krypton,  xenon 
and  ozone  are  often  present,  but  as  a  rule  only  in 
small  quantities. 

The  properties  of  the  several  constituents  of  air 
are  set  forth  in  the  following  paragraphs. 

Oxygen  is  essential  to  animal  life  and  to  com- 
bustion. Although  enormous  quantities  of  it  are 
consumed,  the  proportion  found  in  the  air  remains 
almost  constant.  Normal  dry  air  contains  about 
2 1  per  cent  by  volume  of  oxygen.  Under  abnor- 
mal conditions,  as  in  mines  after  a  fire,  in  dry 
wells  or  in  caves  the  proportion  of  oxygen  may  be 
less.  While  animal  life  is  adjusted  to  thrive  to 
best  advantage  on  the  normal  proportion  of  2 1  per 
cent,  it  can  adapt  itself  to  conditions  under  which 
the  percentage  of  oxygen  takes  a  wide  range. 
Haldane,  an  English  authority  on  mine  air,  states 
that  when  the  amount  of  oxygen  falls  as  low  as 
10  per  cent  a  person  exerting  himself  will  notice 
its  lack.  When  the  proportion  of  oxygen  falls 
as  low  as  7  per  cent,  the  mind  becomes  con- 
fused and  muscular  power  is  impaired.  A  fur- 
ther decrease  causes  loss  of  consciousness.  Pure 
oxygen  may  be  inhaled  for  some  time  without 
noxious  effect,  in  fact,  pure  oxygen  is  frequently 
used  as  a  restorative.  Many  investigators  have 
determined  the  exact  proportion  of  oxygen  in 
samples  of  atmospheric  air,  and  the  variation 
from  the  normal  proportion  of  21  per  cent  by 
volume  has  been  found  to  be  so  slight  as  to  cause 
no  effect  upon  the  human  organism.  Recent 
analyses  of  the  air  of  the  New  York  Subways 
yielded  so  slight  a  variation  in  the  amount  of 
oxygen  that  the  routine  determination  of  oxygen 
was  omitted  from  subsequent  tests.  A  recent 
authority  states  that  uncontaminated  air  has  a 
constant  oxygen  content  irrespective  of  conditions 
of  weather  or  season. 

Nitrogen  as  a  component  of  atmospheric  air  is 
almost  as  important  as  oxygen,  although  its  prop- 
erties are  entirely  different.  While  oxygen  is 
active,  nitrogen  is  inert  and  combines  with  but 
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few  substances.  Nitrogen  effects  a  dilution  of 
the  oxygen.  Respired  air  contains  practically  the 
same  percentage  of  nitrogen  as  normal  air. 
Nitrogen  has  no  physiological  action,  but  is  an 
essential  constituent  of  the  atmosphere  in  that 
it  serves  the  purpose  of  decreasing  the  activity 
of  the  oxygen.  It  neither  burns  nor  supports 
combustion.  It  constitutes  about  78  per  cent 
by  volume  of  the  air  under  nearly  all  conditions. 

Water  vapor  is  one  of  the  variable  constituents 
of  the  atmosphere.  Its  effect  upon  life  is  largely 
mechanical.  In  a  cold  damp  atmosphere,  one 
feels  colder  than  in  a  dry  atmosphere  of  the  same 
temperature,  because  the  water  vapor  aids  the 
air  in  conducting  heat  away  from  the  body.  In  a 
warm  dry  atmosphere,  one  feels  cooler  than  in  a 
damp  atmosphere  of  the  same  temperature  be- 
cause the  evaporation  of  perspiration  is  much 
more  rapid  when  the  atmosphere  is  dry  than  when 
it  is  moist.  The  amount  of  water  vapor  in  the 
air  determines  its  relative  humidity.  When  the 
air  contains  all  the  water  vapor  it  can  hold  at  a 
given  temperature  it  is  called  saturated,  and  its 
relative  humidity  is  100  per  cent. 

Carbon  dioxid,  a  combination  of  carbon  and 
oxygen,  is  ordinarily  present  in  the  atmosphere, 
but  in  variable  amounts.  Joseph  Black  of  Edin- 
burgh is  given  credit  for  having,  in  1757,  first 
determined  its  presence  in  atmospheric  air.  It  is 
a  product  of  combustion.  It  results  from  any 
process  in  which  carbon  or  any  substance  con- 
taining carbon  is  burned.  It  is  one  of  the  products 
of  decaying  organic  matter  and  it  is  exhaled  from 
the  lungs  of  all  animals.  It  results  also  from  nu- 
merous industrial  activities  as,  for  example,  the 
burning  of  limestone  to  form  quick  lime.  Not- 
withstanding the  multiplicity  of  its  sources,  the 
percentage  found  in  normal  atmospheric  air 
does  not  vary  greatly.  Two  factors,  the  action 
of  the  wind  and  the  diffusion  which  takes  place  in 
the  case  of  all  gaseous  mixtures,  tend  to  distribute 
any  slight  excess  of  carbon  dioxid  from  the  locality 
producing  it  to  other  localities  where  vegeta- 
tion and  other  agencies  tend  to  assimilate  the 
carbon  and  free  the  oxygen.  The  combina- 
tion which  occurs  in  combustion  is  dissolved  in 
stimulating  plant  growth.  The  processes  are  con- 
tinuous and,  in  a  general  sense  with  reference  to 
the  vast  atmospheric  world,  they  balance  each 
other.  Carbon  dioxid  like  nitrogen  does  not  sup- 


port combustion.  It  is  non-poisonous,  but  may 
become  seriously  objectionable  or  even  dangerous 
if  present  in  excessive  amounts,  since  its  presence 
serves  to  decrease  the  proportion  of  oxygen  in 
the  atmosphere.  The  effect  on  animal  life  of 
increasing  the  percentage  of  carbon  dioxid  by 
small  amounts  is  merely  to  cause  deeper  inspira- 
tion so  that  the  amount  of  oxygen  inhaled  per 
unit  of  time  may  remain  constant.  Man  breathes 
more  than  one-half  cubic  meter  of  air  per  hour. 
Of  this  volume  2 1  per  cent  is  oxygen  and  normally 
0.03  per  cent  is  carbon  dioxid.  The  exhalation 
from  the  lungs  contains  approximately  16  per 
cent  oxygen  and  3.7  per  cent  carbon  dioxid.  It 
is  evident  that  in  confined  places,  such  as  public 
halls,  habitations  and  other  places  where  persons 
assemble,  the  percentage  of  carbon  dioxid  may 
progressively  increase  if  proper  ventilation  is 
lacking. 

The  rare  gases,  argon,  helium,  neon,  krypton 
and  xenon,  which  are  often  present  in  atmospheric 
air,  are  not  regarded  as  of  sufficient  importance 
to  be  considered  in  this  investigation.  With 
the  exception  of  argon,  which  usually  constitutes 
about  0.94  per  cent  of  the  air,  the  proportion  of 
these  gases  is  minute  and,  for  all  but  the  most 
scientific  determinations,  negligible.  They  have 
no  effect  upon  the  human  system. 

Ozone,  a  very  active  gas,  is  a  polymer  of  oxygen 
which  may  be  formed  by  the  discharge  of  elec- 
tricity through  the  atmosphere.  It  is  present 
in  noticeable  quantities  after  electric  storms. 
According  to  Alexander  Smith,  it  is  very  ques- 
tionable whether  there  is  any  ozone  in  the  air 
except  in  the  neighborhood  of  electric  discharges 
or  after  a  thunder  storm.  It  is  more  active  than 
oxygen  but  has  many  properties  similar  to  those 
of  oxygen. 

Hydrocarbons,  compounds  of  nitrogen,  chlorin 
and  sulphur,  and  particles  of  solid  matter  are 
present  in  the  air  in  quantities  varying  according 
to  local  conditions.  These  substances  are  sources 
of  atmospheric  pollution  since  they  arise  from 
waste  products  from  industrial  activities,  com- 
bustion or  decay,  or  from  special  or  unusual 
natural  phenomena. 

Carbon  monoxid  is  also  a  polluting  gas  in  the 
atmosphere.  It  is  produced  by  incomplete  com- 
bustion of  carbonaceous  materials.  It  is  one  of 
the  substances  which  frequently  render  mine  air 
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dangerous.  It  is  also  one  of  the  constituents  of 
water-gas  which  is  often  used  for  fuel-gas  by  muni- 
cipalities. It  burns  to  produce  carbon  dioxid  but 
does  not  support  combustion.  It  is  poisonous  in 
its  effects  upon  animal  life,  having  about  200  times 
as  great  an  affinity  for  the  hemoglobin  in  the  blood 
as  oxygen.  As  little  as  0.2  per  cent  will  cause 
injury  to  man. 

In  addition  to  being  present  in  the  free  state 
in  the  atmosphere,  nitrogen  is  capable  of  forming 
compounds  the  presence  of  which  may  indicate 
atmospheric  impurity  or  pollution.  Ammonia, 
composed  of  nitrogen  and  hydrogen,  is  one  of 
these  compounds.  It  contains  no  oxygen  and 
does  not  sustain  life  nor  support  combustion. 
Ammonia  is  formed  by  the  decay  of  organic 
matter  containing  hydrogen  and  nitrogen,  a  pro- 
cess which  involves  a  bacterial  action  especially 
in  the  case  of  decomposing  animal  or  vegetable 
matter.  Ammonia  has  an  extensive  industrial 
use  in  various  processes,  as  in  the  manufacture  of 
ice.  Its  presence  in  the  atmosphere  may,  there- 
fore, be  due  to  some  accident,  or  to  leakages  from 
industrial  plants  in  which  it  is  used  or  produced. 
It  may  under  certain  conditions  be  produced  by 
combustion  of  fuel.  There  are  few  recorded 
results  of  determinations  by  investigators  of  the 
amount  of  ammonia  in  the  atmosphere. 

Nitrogen,  in  the  presence  of  oxygen  and  under 
the  influence  of  the  electric  spark,  may  form 
oxids  of  nitrogen  which,  with  water,  form  nitro- 
genic  acids.  One  of  these,  nitric  acid,  may  be 
formed  by  the  action  of  bacteria  on  certain  con- 
stituents of  the  soil. 

Chlorin,  an  element  which  in  itself  is  not  so 
commonly  known,  but  which  is  the  most  impor- 
tant constituent  of  common  table  salt,  may  be 
introduced  into  the  atmosphere  as  a  result  of  the 
combustion  of  coal,  from  excreta,  from  refuse, 
from  laundries  (in  which  it  is  used  for  bleaching 
purposes),  from  electrolytic  plants  and  from 
other  industrial  activities.  Chlorin  is  an  element 
so  active  that  it  is  always  found  in  combination 
with  some  other  element.  With  hydrogen  it 
forms  hydrochloric  acid,  familiarly  known  as 
muriatic  acid.  With  sodium  it  forms  sodium 
chlorid,  or  common  salt,  and  with  ammonia  it 
forms  ammonium  chlorid,  or  sal  ammoniac.  In 
such  combinations  chlorin  is  not  harmful  to  the 
human  system.  Its  presence  in  the  air  simply 


indicates  the  presence  of  some  one  of  these  com- 
pounds. If  it  should  exist  in  the  atmosphere  as 
hydrochloric  acid,  a  corrosive  poison,  its  action 
would  be  injurious  to  metals  and  other  materials. 
The  acid,  however,  is  a  gas  and  the  salts  are 
solids;  so  that  the  distribution  is  dependent 
upon  the  character  of  the  compound,  and  it  is 
very  unlikely  that  it  could  exist  except  in  some 
combination.  Chlorin  found  in  the  atmosphere 
near  the  sea  coast,  for  instance,  without  doubt 
exists  very  largely,  if  not  entirely,  as  sodium 
chlorid  derived  from  the  salt  water. 

Sulphur  may  be  present  in  the  air  in  several 
forms.  From  organic  matter  containing  sulphur 
may  arise,  by  decomposition,  hydrogen  sulphid, 
the  odor  of  which  is  observed  in  decaying  eggs. 
This  substance  is  also  present  in  some  mineral 
waters.  Sulphur  in  coal  burns  to  sulphur  dioxid. 
When  oxygen  combines  with  sulphur  dioxid  it 
forms  sulphur  trioxid,  which,  with  water,  in  turn 
forms  sulphuric  acid.  Sulphuric  acid  is  very 
corrosive,  attacking  and  decomposing  all  sorts 
of  building  materials,  and  is  more  or  less  injurious 
to  animal  and  vegetable  life.  It  is  difficult  to 
distinguish  the  various  forms  in  which  sulphur 
exists  in  the  air,  since  the  total  amount  of  sulphur 
compounds  present  is  small. 

Dust  in  the  air  is  a  subject  that  has  been  dis- 
cussed by  many  persons.  Dust  includes  solid 
materials  of  any  kind  which  may  be  diffused 
through  the  atmosphere.  Dust  is  so  variable 
in  character  and  quantity  that  a  description  of 
all  its  properties  would  be  beyond  the  scope  of 
this  review. 

Environment  greatly  influences  the  nature  and 
quantity  of  the  dust  in  the  air.  In  the  country, 
dust  is  composed  largely  of  soil,  pollen,  seeds 
and  similar  material.  In  the  city,  dust  may 
originate  from  such  sources  as  street  debris, 
structural  material,  coal,  soot,  cinders  and  ash. 
In  addition  to  the  objectionable  features  of  dust 
in  the  atmosphere,  it  has  been  stated  that  each 
particle  of  dust  arising  from  localities  in  which 
disease  exists,  may  carry  many  disease  germs. 
The  formation  of  fog  is  also  attributed  to  the 
presence  of  dust  in  the  atmosphere.  Aitken  has 
shown  that  a  sudden  cooling  of  air  containing  solid 
particles,  with  the  consequent  separation  of  some 
of  the  moisture  from  the  air,  results  in  a  deposition 
of  the  moisture  with  a  dust  particle  as  a  nucleus 
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for  each  drop.  These  drops  of  moisture,  with  the 
particles  of  dust  in  them,  when  suspended  in  the 
atmosphere  cause  fog.  If  there  is  no  dust  there 
can  be  no  fog.  Humidity  doubtless  has  an 
important  effect  upon  fog  since,  if  the  humidity 
is  high,  a  slight  decrease  in  temperature  will 
cause  precipitation. 

The  amount  of  dust  or  solid  matter  in  the 
atmosphere  has  been  estimated  by  two  methods, 
by  counting  the  particles,  and  by  collecting  the 
material  and  measuring  its  relative  color  of  weight. 

The  effects  of  dust  in  the  atmosphere  upon  solar 
radiation  is  a  matter  to  which  investigators  have 
given  attention.  "All  the  solar  rays  that  reach 
the  earth  penetrate  the  atmosphere  and,  in  the 
course  of  their  journey,  they  are  considerably 
thinned  out  and  modified.  Sunlight  as  it  reaches 
us  seems  white,  but  when  it  leaves  the  sun  it  is 
probably  blue  and  it  is  the  interception  and  scat- 
tering of  the  blue  rays  by  the  air — -chiefly  by  the 
dust  in  the  air — that  gives  blueness  to  the  sky 
and  diffuses  light.  The  importance  of  the  dust 
in  scattering  and  diffusing  sunlight  is  often 
forgotten."* 

The  fact  has  been  established  also  that  the 
composition  of  the  atmosphere  has  an  effect  upon 
the  radiation  of  the  actinic  rays  of  the  sun.  An 
investigation  was  conducted  in  1894  by  E. 
Duclaux,  the  results  of  which  are  referred  to  by 
Ronald  C.  Macfie  as  follows:  " Duclaux 's  esti- 
mates of  the  variations  in  actinic  radiation  and 
his  explanation  of  them  as  due  to  the  presence  of 
more  or  less  organic  matter  in  the  air  may  or  may 
not  be  correct;  both  have  since  been  impugned; 
but  the  fact  remains  that  actinic  radiation  is 
affected  in  some  way  by  the  composition  of  the 
air  and  varies  within  very  wide  limits.  The 
importance  of  this  variation  will  be  realized  when 
we  remember  the  varied  part  played  by  actinic 
rays  in  various  chemical  processes." 

101.08  Country  and  City  Air:  It  appears  that 
the  pollution  of  city  air  by  smoke  is  not  so  much 
a  matter  of  deficiency  in  the  oxygen  content,  as 
of  the  presence  in  the  air  of  positive  impurities 
such  as  the  solid  and  gaseous  products  of  com- 
bustion and  dust  from  various  sources. 

The  presence  of  solid  products  of  combustion 
in  any  appreciable  quantity  may  be  said  to  be  a 

•Ronald  C.  Macfie,  "Air  and  Health,"  New  York,  1009. 


characteristic  of  "city  air"  as  opposed  to  "coun- 
try" or  "normal"  atmospheric  air.  It  is  true, 
however,  that,  owing  to  the  volitant  capacity  of 
dust  and  soot,  the  air  in  the  vicinity  of  cities  for 
many  miles  around  may  be  impregnated  with 
soot  and  other  products  of  combustion  and  with 
dust  from  many  sources. 

Carbon  dioxid  appears  in  amounts  which  are 
only  slightly  different  in  city  and  country  air. 
On  this  point  Rubner  says:t  "The  values  of  the 
difference  of  carbon  dioxid  in  city  and  country 
air  are  small,  very  small,  if  one  regards  them 
superficially.  .  .  .  Many  are  completely  wrong 
and  expect  of  impure  city  air  great  quanti- 
ties of  carbon  dioxid  as  a  result  of  mixture  with 
smokestack  air.  .  .  .  The  amount  of  smoke  is 
infinitesimally  small  and  has  scarcely  any  influ- 
ence on  the  carbon  dioxid  content.  .  .  .  The 
changes  taking  place  in  the  atmosphere  of  a  large 
city  need  not  comprise  a  very  great  increase  in 
the  total  carbon  dioxid  content  in  order  to  involve 
a  considerable  pollution  of  the  air  if  the  hygienic 
effects  are  taken  into  consideration."  As  to  the 
quantitative  difference  between  the  carbon  dioxid 
content  of  city  air  and  that  of  country  air,  it  does 
not,  as  a  rule,  exceed  o.oi  per  cent. 

Carbon  monoxid,  which  cannot  be  said  to  be 
a  constituent  of  country  air,  has  been  found  in 
minute  quantities  in  city  air. 

Ammonia,  nitrous  acid  and  nitric  acid,  found  in 
country  air  only  in  small  quantities,  are  some- 
times much  more  in  evidence  in  the  atmosphere 
of  cities. 

Sulphur  dioxid  and  sulphur  trioxid,  rarely 
found  in  country  air,  are  frequent  and  very  active 
constituents  of  city  air.  ' 

The  differences  just  pointed  out  between  city 
air  and  country  air  are  not  to  be  assumed  as  being 
due  entirely  to  the  products  of  combustion;  they 
may  be  aggravated  by  the  greater  activities  of 
the  city  as  expressed  in  many  different  ways. 

101.09  The  Determination  of  Polluting  Con- 
stituents of  the  Air :  The  difficulties  encountered 
in  determining  correctly  the  nature  and  amounts 
of  the  solid  constituents  of  the  atmosphere  have 
been  found  much  greater  than  those  encountered 
in  making  determinations  of  the  gaseous  constit- 

t  "Ueber  triibe  Wintertage,  nebst  Untersuchungen  zur  sogenannten  Rauch- 
plage  der  Grossstadte."  (Cloudy  Winter  Days  and  Investigations  in  Regard 
to  the  So-called  Smoke  Nuisance  of  Large  Cities.)  Archiv  fur  Hygiene.  Vols. 
57  and  59,  1906. 
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uents.  The  great  diversity  of  materials  included 
under  the  term  "dust"  has  already  been  shown. 
The  literature  of  the  subject  shows  that  of  the 
solid  constituents  of  the  atmosphere,  most  at- 
tention has  been  devoted  to  the  products  of 
combustion. 

An  estimate  of  the  amount  of  atmospheric 
pollution  due  to  smoke  may  be  based  to  some 
extent  upon  a  study  of  the  contents  of  smoke- 
stacks and  chimneys,  but  such  a  procedure  used 
as  a  basis  for  a  study  of  atmospheric  pollution  is 
at  best  an  indirect  one.  Moreover,  it  deals  with 
only  a  part  of  the  problem.  It  takes  no  account 
of  the  diffusion  of  the  products  of  combustion  in 
the  atmosphere  after  leaving  the  stack  and  there- 
fore gives  no  direct  measure  of  the  extent  of  the 
polluting  effects  produced  by  the  discharged  gases. 
Nevertheless,  it  will  be  of  interest  to  note  that 
the  constituents  of  flue-gases  have  been  deter- 
mined in  various  ways.  The  following  methods 
are  among  those  described: 

1.  To  determine  the  amount  of  soot,  a  cardboard  or 
a  metal  plate  of  known  dimensions  may  be  inserted 
in  the  stack  for  a  definite  period  of  time,  the  conditions 
of  combustion  during  the  time  being  noted.     The  soot 
may  be  washed  off  the  cardboard  or  the  plate  by  means 
of  a  solvent  and  its  amount  determined.     From  the 
amount  thus  collected,  the  total  amount  passing  up 
and  out  of  the  chimney  in  a  given  time  may  be  calcu- 
lated.    This  experiment  gives  some  indication  of  the 
kind  of  combustion  that  has  taken  place,  and  furnishes 
a  guide  as  to  the  amount  of  polluting  constituents 
thrown  into  the  atmosphere. 

2.  By  another  method,  a  sample  of  the  gases  within 
the  stack  may  be  drawn  out  by  suction  and  strained 
through  cotton  or  "glass  wool."     The  "soot"  thus 
caught,  consisting  of  mineral  as  well  as  purely  carbona- 
ceous particles,  may  be  weighed,   compared  with  a 
fixed    standard  or  burned  to  determine  its  character 
and  heating  value. 

3.  By  a  third  method,  "soot"  may  be  precipitated 
by  means  of  low  pressure  steam,  collected,  and  the 
amount  and  nature  of  its  constituents  determined. 

4.  Smoke    drawn   from    a    stack    may    be    passed 
through  a  tube  containing  a  known  amount  of  loose 
cellulose,  this  being  afterwards  reduced  to  a  pulp  by  the 
addition  of  a  known  quantity  of  water.     The  resulting 
color  of  the  pulp  may  then  be  compared  with  a  scale 
prepared  for  the  purpose. 

5.  The  smoke  drawn  from  the  stack  may  be  caused 
to  record  its  color  on  a  moving  slip  of  paper. 

6.  By  means  of  a  photometric  apparatus,  a  beam  of 
light  may  be  sent  through  smoke  drawn  from  the 
chimney,  and  from  the  effect  produced  upon  the  light 
as  compared  with  a  known  standard  the  density  of 
the  smoke  may  be  estimated. 


A  study  of  polluting  constituents  of  the  atmos- 
phere by  direct  methods  has  of  late  yielded  inter- 
esting results.  Some  of  the  methods  which  are 
reported  may  be  briefly  set  forth  as  follows: 

i.  A  known  volume  of  air  (200  to  300  cubic  feet  or 
more)  may  be  drawn  through  a  paper  filter  suitably 
placed,  the  resulting  color  of  the  filter  when  compared 
with  that  of  a  standard  scale  serving  to  indicate  the 
amount  of  soot  per  unit  volume  of  air.  (Rubncr's 
Method.) 

.  2.  Air  containing  soot  may  be  drawn  through  a  tube 
filled  with  "collodion  wool,"  this  dissolved  with  its 
deposit  in  a  mixture  of  ether  and -alcohol,  and  the 
"turbid  fluid"  thus  obtained  compared  with  various 
standards  containing  known  amounts  of  collodion  and 
soot.  (Hahn's  Method.) 

3.  Two  discs  of  glass,  one  placed  vertically  and  the 
other  horizontally,  may  be  covered  with  a  thin  film  of 
oil  to  which  particles  of  soot  and  dust  carried  by  the 
wind  will  adhere,  the  position  of  the  vertical  disc  being 
'controlled  by  a  vane  attached  to  it.     The  soot  caught 
in  this  manner  may  be  removed  and  ground  up  in  oil. 
The  color  of  the  mixture  may  then  be  compared  with 
that    of  a  determined   standard.     (Liefmann's  Sedi- 
mentation Method.) 

4.  Plates  of  glass  may  be  covered  with  a  coating 
of    congealed  blackened  rosin  to  which  dust  will    ad- 
here.    The    particles  arrested  may  be  counted    with 
the  aid  of  a  microscope  and  the  relative  amount  of  dust 
in  the  atmosphere  thereby  determined.    (Stich-Vorner 
Method.) 

5.  Soot  and  dust  may  be  drawn  into  a  chamber,  the 
air   of   which  is   kept   saturated   with   water   vapor. 
Suddenly  the  pressure  within  the  chamber  is  reduced 
by  means  of  an  air  pump  and  the  air  thus  expanded 
cooled  below  the  dew  point.     The  drops  of  water  thus 
formed   and   deposited   on   a   small   plate   of   known 
dimensions  within  the  chamber  may  be  counted  with 
the  aid  of  a  magnifying  glass.     The  number  of  dust 
particles  contained  in  the  air  under  examination  can 
then  be  calculated.     (Aitken's  Method.) 

6.  The  natural  atmospheric  precipitations  of  snow 
and  rain  may  be  collected  and  the  soot  and  dust  con- 
tained therein  filtered,  weighed  and  estimated.     (Cohen 
and  many  others.) 

7.  Flakes  of  soot  deposited  by  the  atmosphere  may 
be  caught  in  dishes  of  known  dimensions  containing 
distilled  carbolated  water. 

8.  A    combination   of   these   various   methods   has 
often  been  employed.     As  to  the  value  of  the  two 
general  classes  of  methods  just  described,  the  "fil- 
tration"  method  and  the  "sedimentation"  method, 
differences  of  opinion  have  prevailed,  Rubner,  Renk 
and   others   preferring   the   method   of    "filtration," 
Heim,  Liefmann  and  others  that  of  "sedimentation," 
while  Cohen  has  used  both.     It  may  be  noted  inci- 
dentally that  the  possibilities  as  to  methods  have  not 
been  entirely  exhausted,  and  that  some  improvements 
have  been  applied  in  connection  with  the  Committee's 
investigation  in   Chicago,    the   results   of   which   are 
hereinafter  presented  (chapter  113). 


SMOKE  ABATEMENT  AND  ELECTRIFICATION  IN  CHICAGO 


In  England,  a  Committee  for  the  Investigation 
of  Atmospheric  Pollution*  was  organized  by  the 
London  Smoke  Abatement  Conference  of  1912, 
for  the  purpose  of  collecting  "reliable  data  as  to 
the  degree  of  pollution  of  the  atmosphere  in  differ- 
ent places."  In  order  that  results,  wherever 
obtained,  might  be  comparable,  a  standard  rain 
collecting  gage  has  been  devised.  A  line  drawing 
of  this  gage  is  presented  as  fig.  6. 


FIG.  6.  STANDARD  RAIN  COLLECTING  GAGE.  De- 
vised by  the  Committee  for  the  Investigation  of  Atmospheric 
Pollution  of  the  London  Smoke  Abatement  Conference  of  1912. 

The  collecting  gage  is  described  as  follows: 

"The  standard  gage  consists  of  a  galvanized  iron 
stand,  supporting  a  circular  enameled  iron  gage 
vessel  of  four  square  feet  superficial  area.  Projecting 
above  the  gage  vessel  is  a  wire  screen  open  at  the  top, 
intended  to  prevent  birds  from  settling  on  the  edge  of 
the  vessel.  The  gage  vessel  is  conical  at  the  bottom 
and  communicates,  by  means  of  a  glass  tube  and  rubber 
connection,  with  a  group  of  three  or  more  bottles  con- 
nected together,  designed  to  hold  one  month's  rainfall. 
The  rain  and  deposited  matter  falling  on  the  gage  are 
collected  in  the  bottles  and  removed  once  a  month  for 
analysis." 

Instructions  for  the  use  of  this  gage  are  as 
follows : 

1.  "The  gages  are  to  be  placed,  if  possible,  on  the 
ground  level  in  open  spaces  free  from  abnormal  dust. 

2.  "The  bottles 'containing  the  water  and  deposit 
are  to  be  removed  on  the  last  day  of  each  month  and 
replaced  by  thoroughly  cleaned  empty  bottles. 

3.  "Before  removing  the  bottles  the  gage  vessel  is 
to  be  washed  down  with  some  of  the  collected  water, 
a  brush  and  squeegee  of  standard  pattern  being  used  to 
remove  any  adherent  matter. 

*  Dr.  J.  S.  Owen«.  Secretary,  47  Victoria  Street,  Westminster,  London. 


4.  "A  chemical  analysis  of  the  water  and  deposit  is 
to  be  made  by  a  standard  method,  details  of  which 
will  be  provided. 

5.  "A  report,  on  form  provided,  is  to  be  sent  monthly 
to  the  offices  of  the  Committee,  and  a  duplicate  retained 
for  reference." 

Blanks  were  also  formulated  to  be  used  in 
entering  observations  and  in  reporting  results, 
the  purpose  being  to  assemble  the  information 
drawn  from  many  different  points. 

So  great  is  the  care  necessary  in  determining 
proper  surroundings  and  conditions  for  collecting 
"soot"  that  careful  consideration  must  be  given 
to  many  factors,  among  which  one  authority t 
includes  the  following: 

1 .  The  character  of  the  receptacle  for  collecting 
the  soot. 

2.  Dimensions  of  the  collecting  surface. 

3 .  Day  and  hour  of  the  exposure  of  the  vessel. 

4.  Place  of  exposure. 

5.  Approximate  height  from  the  ground. 

6.  Protection  of  the   point  of  exposure  by 
walls,  buildings  or  other  structures. 

7.  Sources  of  smoke  in  close  proximity: 

a.  Chimneys  of  private  houses,  approx- 
imate height. 

b.  Chimneys  of  factories,    approximate 
height. 

8.  The  approximate  distance  from  the  point 
of  exposure  to  the  chimneys  mentioned. 

9.  Direction  of  the  chimneys  from  the  point 
of  exposure. 

10.  Approximate    force  and  direction  of  the 
wind  during  the  time  of  exposure. 

1 1 .  Average  temperature  for  the  day. 

12.  Barometric  pressure. 

13.  Relative  humidity. 

14.  Day  and  hour  of  withdrawing  the  vessel. 

To  these  points  may  be  added  others  suggested 
by  Liefmann.  The  proper  selection  of  a  place  for 
making  experiments  is  of  the  greatest  importance. 
Selections  must  be  made  with  regard  to: 

1.  The  character  of  the  buildings  of  a  city. 

2.  The  positions  where  the  greatest  amount  of 
soot,  due  not  merely  to  local  but  to  diffused 
smoke  nuisance,  occurs. 

3.  The  prevailing  direction  of  the  winds. 

The  methods  of  determining  the  gaseous  ele- 
ments appearing  as  polluting  constituents  of  city 
air  are  not  so  varied.  They  are  the  processes  of 
the  chemist  and  present  no  special  difficulties. 
Those  which  are  reported  as  most  often  employed 
in  the  determination  of  carbon  dioxid  are  of 
two  classes : 


t  Dr.  L.  Heim,  "  Nachweis  von  Russ  in  der  Luft." 
Archiv  fur  Hygiene,  Vol.  27,  1896. 


(Proof  of  Soot  in  the  Air 
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1.  Those   used   by  city  health   departments, 
which  are  merely  approximate. 

2.  Those  of  a  more  technical  nature — chiefly 
the   so-called    Pettenkofer    method — which   arc 
more  accurate. 

The  limit  of  accuracy  of  methods  of  the  first 
class  is  about  one  part  in  20,000;  that  of  methods 
of  the  second  class  about  one  part  in  100,000. 
Carbon  monoxid  determinations  are  made  either 
by  a  so-called  iodine  pentoxid  reduction  method  or 
by  blood  test  methods,  and  the  results  obtained 
are  fairly  accurate,  the  limits  being  about  25  parts 
in  1,000,000  for  the  first  method  and  one  part  in 
100,000  for  the  second.  Ammonia  is  determined 
by  an  acid  absorption  solution,  by  methods  which 
are  well  known.  Nitrous  acid  and  nitrites,  and 
nitric  acid  and  nitrates,  are  determined  by  means 
of  an  alkali  solution  applied  by  methods  which 
are  common.  Sulphur  dioxid,  sulphur  trioxid, 
hydrogen  sulphid  and  their  various  salts  are 
determined  by  methods  which  employ  an  alkali 
or  oxydizing  absorbent.  Sulphur  dioxid  may  be 
determined  volumetrically  by  means  of  an  iodine 
solution.  Chlorin  is  determined  in  the  same 
manner  as  sulphur. 

This  statement  concerning  studies  of  polluting 
constituents  of  air  by  a  direct  study  of  the  atmos- 
phere may  properly  be  supplemented  by  a  refer- 
ence to  the  Committee's  investigations  of  Chi- 
cago's atmosphere  (chapter  113). 

101.10  Local  and  Diffused  Pollution:  A  study  of 
smoke  in  cities  should  distinguish  between  a  local 
smoke  nuisance  and  a  diffused  smoke  nuisance. 
"By  the  former,"  says  Liefmann,*  "we  mean 
a  situation  in  which  a  single  chimney  or  a  few 
chimneys  may  pour  out  a  great  volume  of  smoke 
upon  an  unfavorably  located  house.  Such  con- 
ditions can  be  found  everywhere;  even  in  the 
smallest  villages  annoyances  of  this  kind  are 
seen  although  they  are  much  more  frequent  in 
large  cities,  especially  in  industrial  centers.  Com- 
pared with  this,  a  pronounced  case  of  diffused 
smoke  plague  is  a  phenomenon  of  a  very  different 
.character.  Here  the  smoke  is  not  confined  to  a 
closely  limited  area,  but  we  see  a  whole  town 
enveloped  in  haze  and  smoke.  A  great  gray  cloud 
hangs  over  all;  the  sun  is  seen  only  as  through 
a  veil.  The  strength  of  its  beams  is  lessened. 

*"Ueber  die  Rauch-  und  Russfrage  insbesondere  vom  gesundheitlichen 
Standpunkte  und  eine  Methode  des  Russnachweises  in  der  Luft."  (On  the 
Smoke  and  Soot  Question,  Especially  from  the  Sanitary  Viewpoint,  and  a 
Method  of  Detecting  Soot  in  the  Air.)  Deutsche  Vierteljahrsschrift  fur 
offentliche  Gesundheitspflege,  Vol.  40,  1908. 


.  .  .  The  essential  point  in  such  a  diffused 
smoke  nuisance  consists  in  this,  that  the  immense 
amount  of  soot  diffused  through  the  air  is  capable, 
under  climatic  conditions,  of  exerting  an  influence 
on  the  meteorological  conditions  and  thus  of 
causing  a  decrease  in  the  hours  of  sunshine  and 
an  increase  in  the  formation  of  fog." 

Liefmann  points  out,  among  other  things,  that 
a  failure  to  distinguish  between  these  two  classes 
of  smoke  nuisance  has  given  rise  to  erroneous 
notions  as  to  the  smoke  nuisance  in  cities.  Legis- 
lation with  regard  to  smoke  has  often  been  influ- 
enced, not  by  diffused  smoke  nuisances,  but  by 
local  smoke  nuisances  merely.  The  existence  of 
a  diffused  smoke  nuisance  in  a  city  renders  the 
study  of  air  pollution  by  scientific  methods  of  the 
greatest  importance.  The  methods  used  for 
stack  observations  are  applicable  almost  solely 
to  a  study  of  local  smoke  nuisances. 

ioi.ii    The  Need  of  Co-operative  Study:   The 

need  of  systematic  and  comparative  studies  of  the 
atmosphere  of  cities  is  frequently  insisted  upon 
in  the  written  discussions  of  investigators.  Rub- 
ner  says:t  "The  necessity  for  further  systematic 
investigation  of  the  atmosphere  cannot  be  denied. 
The  many-sided  relations  of  the  atmosphere,  of 
light  and  of  radiation  to  health  are  known,  at 
least  in  their  larger  aspects,  but  a  definite  evalua- 
tion or  standardization  is  still  lacking.  In  all 
directions  there  is  no  lack  of  tasks  for  workers,  but 
a  lack  of  workers  themselves.  It  has  become  the 
custom  to  introduce  every  hygienic  work  with  the 
argument  that  it  is  a  question  of  the  direct  injury 
to  the  human  body,  the  disregard  of  which  may 
result  in  a  number  of  casualties.  Such  statements 
are  not  always  correct;  injurious  reactions,  if  to 
be  expected  at  all,  are  likely  to  result  only  in 
consequence  of  long  continued  injuries  such  as 
are  manifest  to  the  botanist  at  least.  But  in- 
juries, if  they  occur,  are  not  the  less  significant 
because  the  effect  may  appear  only  after  months 
or  years.  The  scientist  who  would  conduct 
experiments  cannot  make  up  for  this  factor  of 
time;  he  can  only  represent  long  continued 
injuries  by  increasing  the  severity  of  the  inju- 
rious factor,  a  process  which  leads  to  many  inac- 
curate results  and  conclusions.  ...  A  single 

f'Ueber  trube  Wintertage,  nebst  Untersuchungen  zur  sogenannten 
Rauchplage  der  Grossstadte."  (Cloudy  Winter  Days  and  Investigations  in 
Regard  to  the  So-called  Smoke  Nuisance  of  Large  Cities.)  Archiv  fur 
Hygiene,  Vol.  59,  1906. 
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individual  is  today  no  longer  in  a  position  to  carry 
out  such  a  comprehensive  study  as  is  necessary 
to  a  full  understanding  of  the  question."  Others 
besides  Rubner  have  expressed  similar  ideas. 
The  broad  plan  upon  which  the  Committee's 
researches  have  been  advanced  may  be  accepted 
as  a  material  contribution  along  the  lines  of  this 
general  conception. 

101.12  Information  Concerning  the  Atmos- 
phere of  Foreign  and  Domestic  Cities:  Facts  of 
record  concerning  the  atmosphere  of  various  large 
cities,  as  presented  by  the  literature  of  the  subject, 
serve  to  disclose  many  features  of  interest  in 
connection  with  the  present  studies.  The  order 
in  which  these  are  presented  has  reference  to  the 
value  of  the  data  rather  than  to  geographical 
location. 

Manchester,  England 

An  extensive  study  of  the  atmosphere  of  the 
city  of  Manchester  was  made  as  early  as  1889  by 
the  A,ir  Analysis  Committee  of  the  Field  Natur- 
alists' Club  of  that  city.  Manchester  is  a  great 
manufacturing  center,  situated  on  three  rivers. 
It  has  poor  natural  drainage,  a  damp  soil,  a  humid 
atmosphere,  and  is  subject  to  many  fogs.  The 
city  is  said  to  have  contended  with  its  smoke 
nuisance  for  more  than  three-quarters  of  a  cen- 
tury. Its  factories  are  so  located  that  the  central 
part  of  the  city  receives  more  smoke  than  any 
other.  The  annual  coal  consumption  in  Man- 
chester, calculated  at  4.14  tons  per  capita,  accord- 
ing to  the  Official  Coal  Statement,  amounts  to 
about  3,000,000  tons.  It  is  estimated  that  44  per 
cent  of  Manchester's  smoke  originates  from 
domestic  chimneys,  and  it  is  said  to  contain  a 
large  percentage  of  tarry  matter. 

On  a  square  mile  near  Owens  College,  a  suburb 
of  Manchester,  more  than  1,300  pounds  of  soot 
are  estimated  to  have  been  deposited  during  a 
three  days'  fog.  Deposits  of  black  materials, 
including  soot  and  other  solids,  were  estimated 
at  26  grains  per  square  yard  at  Piccadilly  near 
the  center  of  the  city,  and  at  19.3  grains  per 
square  yard  at  Owens  College.  Deposits  of 
organic  matter  including  soot  were  found  to  be 
greatest  during  periods  of  dense  fog. 

Tests  conducted  to  determine  the  amounts  of 
carbon  dioxid  in  the  atmosphere  of  Manchester 
yielded  the  following  results: 


PARTS    PER    10,000 
ORDINARY    WEATHER  FOGGY    WEATHER 

Mean       .      .      .    , .      .      .     4 . 03 6 . 79 

Maximum 6.04 7-34 

Minimum 3.11 5.23 

On  streets,  mean     .      .      .     4.03 
In  suburbs,  mean    .      .      .     3 . 69 

The  variation  in  the  amount  of  pollution  in 
the  air  of  Manchester  at  different  periods  is  not 
apparent  from  available  records.  Existing  rec- 
ords indicate,  however,  that  air  pollution  is  gen- 
erally greater  in  the  city  than  in  the  outlying 
districts,  and  that  it  is  greater  in  the  winter 
than  in  the  summer. 

Manchester  fogs  are  reported  to  have  decreased 
in  number  during  the  past  20  years,  but  the  rela- 
tion between  the  decrease  observed  and  the  extent 
of  the  smoke  nuisance  is  not  set  forth  in  a  satis- 
factory manner. 

Regarding  the  effects  of  smoke  on  the  sun- 
light of  Manchester,  the  Air  Analysis  Committee 
of  the  Field  Naturalists'  Club  reached  certain 
conclusions,  among  which  the  following  may 
be  taken  as  significant: 

1.  November,  December  and  January  are  by 
far  the  darkest  months  of  the  year  in  the  city. 

2.  The  light  in  the  more  densely  populated 
districts  amounts  to  about  one-half  of  that  in  the' 
suburbs  during  the  winter,  and  less  than  one- 
tenth  on  a  moderately  bright  April  day. 

3.  The  chemical  action  of  the  sunlight  in  the 
winter  months  for  the  suburbs  of  large  cities,  as 
for  instance  Diddsburg  (Manchester)  and  Kew 
(London),  averages  one-third  of  that  for  Torquay, 
in  the  southern  part  of  England. 

4.  Smoke   and  dampness,   which  are   almost 
always   associated  in   the   city   air,    absorb   an 
extraordinarily    large    quantity    of    the    actinic 
rays  of  light. 

In  the  following  table  are  shown  the  number  of 
sunny  hours  daily  at  Oldham  Road,  a  Manchester 
suburb : 


WORK   DAYS 


SUNDAYS 


September •  .  3.41 

October 2.00 

November 0.26 

December 0.13 

January 0.45 

February j  go 


•      •       3-35 
.      .        2.90 
0.16 
o .  62 
o .  76 
.      .       0.28 

March 3.03     .      .      .       2.80 

APril  ......     4.40     .      .     .       8.70 

May                • 5.35  ...  5.00 

J^16                    5.24  .   .   .  6.40 

JAuly                       ....  4-63  .   ..  .  3.70 

Au^ust .  3.55  .   .   .  3.90 
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From  this  record  it  is  evident  that  the  amount 
of  light  on  Sundays  is,  on  the  whole,  only  slightly 
greater  than  that  on  week  days.  The  small  aver- 
age number  of  sunny  hours  daily  seems  to  afford 
clearer  evidence  than  does  anything  else  as  to  the 
amount  of  smoke  present  in  Manchester  air. 
From  a  record  of  the  number  of  hours  of  sunshine 
per  year  in  Manchester,  covering  a  period  of  20 
years,  it  appears  that  the  total  has  decreased  in 
recent  years  rather  than  increased. 

Leeds,  England 

Leeds  is  a  manufacturing  center.  Its  annual 
coal  consumption  (statistics  for  1910)  amounts  to 
about  1,500,000  tons.  According  to  Professor 
Cohen  the  amount  of  soot  in  the  air  of  Leeds  may 
be  estimated  at  about  0.5  per  cent  of  the  coal 
burned,  except  in  the  case  of  domestic  coal, 
where  the  amount  is  said  to  vary  from  5.0  to 
6.0  per  cent.  The  daily  consumption  of  coal  is 
about  5,000  tons.  Based  upon  the  0.5  per  cent 
ratio,  therefore,  the  daily  deposit  of  soot  amounts 
to  about  25  tons.  Corresponding  figures  were  ob- 
tained by  filtering  large  quantities  of  air  through 
cotton  wool.  In  1892  Cohen,  by  examining  sam- 
ples of  snow,  estimated  the  daily  deposit  of  soot 
at  about  one-half  ton.  Determinations  were  also 
made  by  collecting  impurities  deposited  by  rain, 
the  results  of  some  of  which  are  presented  in  the 
following :  * 

ASH  (PER  ACRE)  LB.  PER  ANNUM 

At  Leeds  Forge  Co.'s  Works 1,100 

SOOT  (PER  SQ.  MILE)  TONS  PER  ANNUM 

At  Hunslet  (industrial) 300 

At  Leeds  Forge  (industrial) 250 

At  Beeston  (industrial) 150 

At  Philosophical  Hall 150 

At  Observatory  (non-industrial) 80 

TAR  (PER  ACRE)  LB.  PER  ANNUM 

At  Philosophical  Hall  (in  town) '.      .      .         80 

At  Observatory  (residential) 32 

At  Weetwood  Lane 25 

At  Roundhay 14 

A  greater  percentage  of  tar  was  found  in  subur- 
ban districts  than  in  industrial  districts,  the  ratio 
being  about  17  to  6. 

Cohen  and  Ruston*  present  the  following  table 
relating  to  soot  in  Leeds: 

*  J.  B.  Cohen  and  A.  G.  Ruston,  "Smoke:  A  Study  of  Town  Air,"  London, 
IQI2.  Also  A.  G.  Ruston.  "Air  Pollution  by  Coal  Smoke  and  Its  Effects  on 
Vegetation."  Paper  read  at  the  Smoke  Abatement  Conference,  London. 
March,  1912. 


SOURCE 

Emitted  from  factories 
Emitted  from  house 


TONS   PER   ANNUM 

5,000 

.       .       .          30,000 


Total 35,000 

DISPOSAL 

Blown  away 31,480 

Deposited  temporarily 3,472 

Deposited  permanently 48 


Total 35,000 

The  number  of  dust  particles,  including  particles 
of  soot,  found  in  the  atmosphere  of  Leeds  ranges 
from  32,000  to  228,000  per  cubic  centimeter. 

The  deposit  of  sulphur  compounds  is  estimated 
as  follows: 

TONS    PER   SQ.    MILE 
PER    ANNUM 

Industrial  districts 68.4 

Town  districts         56 . 2 

Residential  districts 39-3 

Country  districts 23.4 

Determinations  of  chlorin  and  nitrogen  in 
Leeds  rain  yielded  average  results  for  the  three 
classes  of  districts  in  the  city  and  for  the  country, 
as  follows : 


Industrial  districts 
Town  districts 
Residential  districts 
Country  districts     . 


TONS    PER    SQ.    MILE    PER    ANNUM 
CHLORIN  NITROGEN 

-        •        •  44-2  •        •        •  S-I9 

.  21.4  .        .        .  4.82 

.        .        .  16.7  .        .        .  3.45 

.        .        .  8.7  ...  2.44 


The  record  of  sunshine  in  Leeds,  for  the  years 
1891  to  1910,  inclusive,  shows  a  slight  average 
increase  for  the  last  half  of  the  period.  In  1907, 
the  number  of  hours  of  sunshine  in  the  center  of 
the  city  was  1,167,  as  compared  with  1,402  at  a 
point  four  miles  north.  Experiments  made  with 
an  acid  solution  of  potassium  iodide  showed  that 
the  amount  of  sunlight  received  at  the  center  of 
Leeds  was  about  75  per  cent  of  that  received  in 
the  suburbs  and  60  per  cent  of  that  received  in 
the  country. 

The  records  of  determinations  with  reference 
to  the  extent  of  the  air  pollution  in  Leeds  do  not 
represent  a  sufficient  number  of  observations  to 
render  possible  a  conclusion  as  to  the  variation 
in  the  extent  of  the  smoke  nuisance. 

London,  England 

London's  annual  coal  consumption  is  estimated 
(1910)  at  about  16,000,000  tons.  The  greater 
part  of  London's  smoke  is  generally  attributed 
by  investigators  to  domestic  fires. 
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Typical  values,  expressed  in  parts  p 
are  presented  as  follows: 


extending  from  June,  1910,  to 
June,  1911,  in  which  "soot-gages"  were  used, 
consisting  of  rectangular  happen  connected  to 
large  flasks  designed  to  receive  the  deposits 
brought  down  by  rain,  were  conducted  with 
results  as  shown  by  the  following  table:* 


DC  LCTTDOK.  MO 

JMBv  i***.  ID  JV3UE,  **ii 


bft    -    T 

Kiwi.  S.  W. 
OUSMS.E.C 


Z7J» 


M  Z»     ».*»      «*l 

»«     »  *»       3*i      SO 

m.m   MM   »'*    '•  * 


' 


RC. 


4  7» 

*  «* 
4M 

-  - 


•  W 


From  this  table  it  Jtffnun  that  the  deposit  of 
soot  within  the  city  *ff*t)M  from  233  to  426  tons 
per  square  mile  during  the  year/  while  outride 
the  city  it  was  58  tons.  The  term  "soot  "as  here 
employed  evidently  tnchidcs  not  only  the  sofid 
products  of  mmhiiffinn  whirh  iir  iliirli  iijjriT  into 
the  atmosphere,  bat  also  a  large  amount  of  matter 
which  cannot  be  attributed  to  the  combustion 
of  fueL  The  composition  of  soot  as  determined 
from  samples  taken  in  London  and  its  immediate 
is  shown  in  the  following:* 


'  - 


KEW  (OVHM) 

-    - 
-     -     -    4*  5 


2.0 


4-3 


•     •-      - 


1-4 

2.6 
31.2 


0.8 
I.I 


• 


41  5 
5-3 

• 


The  "dust"  particles  in  London  air  are  said 
to  number  as  many  as  400,000  per  cubic  centi- 
meter. The  amounts  of  carbon  dioxid  in  the  air 
of  London  are  shown  by  the  results  of  many 
experiments. 


•Dr.  H.  A.  Dm 
------ 

tfttW.J.1 
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-  4-5»  (Foj) 


14.10 
6.40 
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The  sulphur  content  of  London  atmosphere  is 
reported  upon  by  one  investigator,*  as  follows: 
"In  London  about  16,000,000  tons  of  coal  are 
used  per  annum  directly  for  heating  purposes, 
and  the  sulphur  content  of  this  coal  may  range 
from  one  to  two  per  cent,  giving  an  annual  pro- 
duction of  500,000  to  1,000,000  tons  of  sulphur 
trkxtid  which  is  diffused  in  the  air."  London  air 
contains  less  sulphur  than  that  of  Glasgow  and 
sfighthr  more  than  that  of  Manchester.  The 
following  facts  were  found  to  obtain  in  London: 

1.  Li  dear  breezy  weather  the  amount  of 
sulphur  dbond  is  leas  than  one  milligram  per 
loo  cubic  feet  of  air. 

2.  In    anticydonic  fM**"H^r   the   amount    of 
sulphur  dioxid  rises  very  considerably,  and  in 
times  of  fog  as  much  as  from  34  to  50  mflfigrams 
per  100  cubic  feet  of  air  have  been  recorded. 

3.  An  increase  in  the  amount  of  sulphur  dioxid 
is  accompanied  by  an  increase  in  die  amount 
of  inorganic  impurities  in  the  air. 

4.  Coal,  soot  and  dust  are  found  to    con- 
centrate sulphur  compounds;  the  same  is  true 
of  rain  and  snow. 

The  following  comparison  of  soot  and  other 
polluting  constituents  annually  deposited  in  the 
cities  of  London  and  Leeds,  is  based  on  investi- 
gations conducted  by  Professors  Cohen  and 
Ruston: 


TOM  tt*.  SO.. 


AJkJUJM 


Soot. 


cfalonds 


260 
69 
5* 

26 


;r  .    .._ 

.    220 

.     65 

-  4 

-  3* 


The  excess  of  soot  in  London  could  doubtless 
be  attributed  to  the  fact  that  there  is  a  greater 
percentage  of  domestic  smoke  there  than  in  Leeds, 
while  the  excess  of  chlorin  in  the  Leeds  atmosphere 
may  be  attributed  in  part  to  the  influence  of 
sea  air  and  also  to  industrial  activities. 
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The  well-known  London  fogs  are  often  con- 
sidered a  consequence  of  smoke  and  tend  to 
intensify  its  ordinary  effects.  The  causal  rela- 
tion of  coal  smoke  to  fogs  in  London  has  been 
established  by  observations  covering  many  years, 
as  a  result  of  which  it  is  apparent  that  any 
increase  or  decrease  in  the  number  of  fogs  has 
paralleled  a  similar  increase  or  decrease  in  coal 
consumption. 

In  connection  with  fogs  and  haze  caused  by 
smoke,  the  amount  of  bright  sunshine  in  London 
and  other  cities,  as  compared  with  country 
localities,  has  been  studied.  Values  resulting 
from  these  studies  are  presented  in  the  follow- 
ing table :  * 

SUNSHINE  AT  LONDON   EXPRESSED   AS   PERCENTAGE 
OF   MEAN  VALUES   FOR   COUNTRY  STATIONS 


1-ocahty 

Jan. 

rYl..       March      April 

M:,y 

.1  ine 

July 

Went  minster  

.;.•» 

4.-. 

55            70 

a 

M 

83 

Bunhtll  How                29 
Kew  Observatory  1      82 

42 
75 

57           75 
88            94 

88 
100 

97 

H 
97 

Locality             Aug.       S-pt 

Oct.        Nov.       Dec        Year 

LOM 

.lister               86           TS 

l!.-.             J.i             A>             tH 

36 

Bunhill  How                85 

75 

At)           38           17           62 

i 

Kew  Observatory       97           93           88           84           85           90 

10 

From  an  examination  of  the.  record  of  the  Royal 
Meteorological  Society,  W.  G.  Russell  reached 
the  conclusion  that  London  had,  during  the  five 
months  from  November,  1904,  to  March,  1905, 
rather  less  than  half  the  amount  of  sunshine 
of  the  inland  stations  and  little  more  than 
one-third  of  the  sunshine  of  stations  on  the 
South  Coast. 

The  utmost  importance  is  often  attached  to 
the  facts  which  have  been  made  of  record  for  the 
city  of  London,  the  belief  having  been  expressed 
that  the  success  or  failure  of  smoke  abatement  in 
London  is  to  be  regarded  as  significant  in  its 
effect  upon  smoke  abatement  as  a  world  move- 
ment. 

Glasgow,  Scotland 

The  annual  coal  consumption  in  Glasgow  is 
estimated  (1910)  at  about  3,250,000  tons.  The 
area  of  the  city  is  18.5  square  miles.  In  1904 
the  annual  "smutfall"  was  estimated  at  more 
than  3,000  pounds  per  acre;  in  1911  the  estimated 
amount  was  about  4,150  pounds.  The  estimated 
annual  rate  of  deposit  of  soot  is  higher  for  the 
winter  months  than  for  the  summer  months. 


«  R.  G.   K.  Lempfert.  "London  Fog."     Report  01    Meteorological  Council, 

1001- 1003. 


The  increase  is  attributed  to  the  effect  of  domes- 
tic chimneys,  the  number  of  which  is  said  to 
be  about  200,000.  According  to  the  corporation 
chemist  of  Glasgow,  about  1 20  tons  of  solid  mat- 
ter in  the  form  of  soot  and  other  material  are 
sent  into  Glasgow's  atmosphere  every  winter  day 
of  ten  hours  from  its  domestic  chimneys  alone. 
The  composition  of  the  solid  matter  of  "smut- 
fall,"  according  to  the  determinations  made  in 
1911,  was: 

PER  CENT 

Mineral    matter ' .      .      .      .         65 

Carbonaceous 33 

Hydrocarbons 3 

The  total  amount  of  inorganic  dust  (mineral 
matter)  discharged  annually  into  the  atmosphere 
of  Glasgow  is  estimated  to  be  from  11,000  to 
12,000  tons.  These  results  appear  to  have  been 
based  largely  upon  experiments  conducted  by  the 
"sedimentation"  method,  boxes  or  gages  distrib- 
uted throughout  the  city  having  been  employed. 
From  the  data  obtained  it  is  apparent  that 
there  has  been  an  increase  in  the  "smut"  con- 
tent of  Glasgow  air,  due  to  an  increased  smoke 
nuisance  in  recent  years.  With  reference  to 
"dust"  particles,  as  many  as  227,944  per  cubic 
centimeter  have  been .  found  in  the  atmosphere  of 
Glasgow. 

As  to  the  gaseous  impurities  of  the  atmosphere, 
reliable  data  are  lacking.  Analyses  of  air  samples 
disclosed  the  following  averages: 

PARTS   PER    IO.OOO 

Carbon  dioxid,  city s.oa 

Carbon  dioxid,  country 3 . 36 

Rideal  states  that  samples  of  soot  contained: 


Sulphur  dioxid  . 
Sulphur  . 


LONDON 

.     4  60 

.  1.84 


PER  CENT 
MVV  HESTER 

.     -     4  30 

.    .1.7* 


GLASGOW 

.     7  9<> 
.     3  >6 


From  experiments  performed  by  Cohen  and 
Hefford  it  appears  that  about  five  times  as  much 
sulphur  escapes  in  the  form  of  free  gas  as  is 
contained  in  soot.  This  would  indicate  a  large 
amount  of  sulphur  in  the  air  of  Glasgow,  larger, 
in  fact,  than  in  the  air  of  London  or  Manchester,  t 

From  the  Royal  Meteorological  Reports  cover- 
ing a  period  of  five  years  it  appears  that  the  num- 

t Peter  Fvfe.  "Air  Pollution  in  Glaagow  and  Other  Town*  in  Scotland." 
Paper  before  the  Manchester  Conference  of  the  Smoke  Abatement  League  of 
Great  Britain.  November,  1911. 
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her  of  days  of  fog  in  Glasgow  and  the  hours  of 
sunshine,  per  annum,  were: 


1906  .... 

DAYS  FOG      HOURS  SUNS 

27 

HINE 

,173 
,112 

,°53 
,094 
,644 

,215 

12    

6    

IQOQ 

'.,-..    II    

I9IO 

7   

IOII 

5 

Other  Scottish  Cities 

Reports  from  20  other  cities  in  Scotland  show 
that  the  "mineral"  content  of  air  exceeds  the 
carbonaceous  content  in  13  cities;  and  that  in 
cities  in  which  the  carbonaceous  matter  was  in 
excess,  this  condition  could  be  attributed  to 
domestic  chimneys.  In  Coatbridge,  a  manu- 
facturing city  where  no  smoke  ordinance  is  in 
effect,  the  percentage  of  "smutfall"  is  much 
greater  than  in  Glasgow  and  other  Scottish  cities. 

Hamburg,  Germany 

Hamburg  with  its  suburbs,  comprising  an  area 
of  29  square  miles  and  having  a  population  of 
about  1,000,000,  has  an  average  annual  coal 
consumption  of  nearly  3,000,000  tons.  Its  coal, 
unlike  that  in  other  leading  German  cities,  is 
mostly  of  the  smoky  variety.  In  the  harbor  of 
Hamburg,  one  of  the  leading  ports  of  the  continent, 
smoke  is  poured  forth  by  many  vessels  and  the 
prevailing  winds  carry  it  over  the  city.  These 
winds  are  heavily  charged  with  moisture,  a 
condition  which  intensifies  the  effect  of  the  smoke. 

In  1908  and  1909  a  systematic  investigation* 
with  reference  to  the  city's  smoke  nuisance  and 
air  pollution  was  conducted  from  four  different 
stations  in  the  city.  A  summary  of  the  results 
of  this  investigation  is  presented  in  the  following 
paragraphs. 

On  the  basis  of  the  individual  determinations 
made  at  the  four  stations,  the  soot.t  in  milligrams 
per  cubic  meter  of  air,  varied  in  average  amounts 
from  0.030  to  0.146,  and  the  total  deposit  of  soot 
for  the  city  was  estimated  at  from  one  to  two 
million  kilograms,  or  from  1000  to  2000  tons 
per  annum.  In  winter,  owing  to  meteorolog- 
ical conditions  and  to  domestic  fuel  consumption, 
the  amount  of  soot  was  greater  than  in  summer. 

*Dr.  Kister,  "Bericht  fiber  die  in  Hamburg  ausgefuhrten  Rauch  und  Russ 
Untersuchungen."  (Report  on  Investigations  Carried  Out  in  Hamburg  on 
Smoke  and  Soot.)  Gesundheits  Ingenieur,  Vols.  32  and  33,  1909. 

tThe  term  "soot"  as  employed  in  this  investigation  seems  to  refer  largely  to 
carbonaceous  materials. 


Deposits  of  soot  in  rain  and  snow  varied  from  28 
to  62  milligrams  per  liter.  The  dust  content  of 
the  atmosphere  was  estimated  at  from  16,000 
to  140,000  particles  per  cubic  centimeter.!  The 
greatest  number  was  found  in  the  harbor,  due  no 
doubt  to  the  outpourings  of  the  vessels  which 
are  described  as  smoking  "constantly  in  a  high 
degree." 

No  determinations,  the  results  of  which  are 
available,  seem  to  have  been  made  in  Hamburg 
with  reference  to  the  carbon  dioxid  content  of 
the  atmosphere. 

The  amounts  of  sulphuric  acid  in  the  atmosphere 
of  Hamburg,  as  determined  by  the  investigation 
of  1908-09,  are  shown  in  the  following  table: 


SULPHURIC   ACID   IN   THE   ATMOSPHERE   OF   HAMBURG, 
IN   MILLIGRAMS   PER   CUBIC    METER   OF  AIR 


Station  A 

Station  B 

Max. 

Min. 

Average 

Max. 

Min. 

Average 

0  280 

0   i->3 

0  075 

July 

0  079 

0  062 

0  048 

0  285 

0  101 

0  025 

0  512 

0  210 

0  060 

March  

0.300 

0.179 

o  n« 

0.495 

0.257 

0.044 

In  samples  of  rain  and  snow  the  deposit  of 
sulphuric  acid  amounted  to  13.6  milligrams  per 
liter. 

In  Hamburg,  as  in  London  and  Manchester, 
the  fogs  that  prevail  are  attributed  by  investi- 
gators in  part  to  smoke ;  but  the  proximity  of  the 
city  to  the  harbor  must  also  be  considered.  In 
this  connection,  the  facts  presented  in  the  fol- 
lowing table  are  of  interest: 


AVERAGE   NUMBER   OF   DAYS  WITH   FOG   IN   VARIOUS 
GERMAN   CITIES 


City 

Years 

Winter 

Spring 

Summer 

Autumn 

Year 

Hamburg  J 

Berlin  { 

Breslau  .  . 
Kiel  

1S77-S.5 
1887-1906 
1877-85 
1887-1906 
1877-1885 
1877-1885 

52.00 
36.55 
10.00 
6.20 
28.00 
31.00 

22.00 
16.85 
1.00 
2.30 
9.00 
15.00 

10.00 
6.30 
1.00 
0.70 
2.00 
8.00 

45.00 
31.60 
5.00 
6.60 
28.00 
23.00 

130.00 
91.30 
18.00 
15.80 
67.00 
77.00 

In  Hamburg  and  Kiel,  which  are  near  the 
water,  the  number  of  foggy  days  is  much  larger 
than  in  Berlin  and  Breslau,  which  are  inland. 
In  all  these  cities  the  number  of  foggy  days  is 
greatest  during  the  months  of  the  year  in  which 
fires  are  most  necessary.  The  number  of  foggy 
days  in  Hamburg  has  decreased  in  recent  years 
notwithstanding  an  increase  in  the  annual  coal 
consumption.  For  this  decrease  some  credit  has 

t  Dr.  Gemund,  "Die  Beurteilung  der  Intensitat  der  Rauch-  und  Russplage 
unserer  Stadte  mittels  des  Aitkenschen  Staubzahlers."  (Estimation  of  the 
Intensity  of  the  Smoke  and  Soot  Nuisance  by  Means  of  the  Aitken  Dust 
Counter.)  Gesundheits  Ingenieur,  Vol.  39,  No.  2.  1907. 
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been  claimed  as  being  due  the  smoke  abatement 
activity  of  Hamburg,  which  is  said  to  have  been 
vigorous. 

The  amounts  of  sunshine  in  Hamburg,  as 
compared  with  those  in  Berlin,  during  the  years 
1891  to  1900,*  are  given  in  the  following: 


: 


Annual 
Average 
Total 
Hours 

Monthly 
Average 
Hours 

Daily 

Average 
Hours 

Average 
Per  Cent 

Possil'lr 

Sunshine 

Monthly 
Average 
No.  Days 
Without 
Sunshine 

1,274.8 

l.Wl.S 

106.2 
139.3 

3.5 
4.6 

26.8 
34.4 

8.6 
7.1 

City 


Hamburg. .  . 
Berlin  . . . 


The  transparency  of  the  atmosphere  and  the 
corresponding  intensity  of  daylight  were  found  to 
vary  in  Hamburg  during  the  different  months 
of  the  year,  being  least  during  the  months  of 
October  to  March  inclusive,  when  consumption 
of  large  amounts  of  fuel  for  heating  purposes 
and  for  domestic  use  was  necessary. 

Berlin,  Germany 

Berlin,  with  an  area  of  about  24  square  miles, 
has  a  population  of  about  2,100,000.  Its  activ- 
ities are  largely  industrial  and  commercial  in  char- 
acter. It  has  twelve  or  more  railroads,  and  exten- 
sive manufacturing  establishments  situated  on 
the  north,  east  and  south  sides  of  the  city.  The 
prevailing  winds  are  from  the  southwest.  Fogs 
and  haze  are  prevalent.  Owing  to  the  compara- 
tively small  area  of  the  city,  to  the  location 
of  its  factories  and  to  the  prevailing  direction 
of  its  winds,  fogs  and  smoke  are  driven  from  the 
center  of  the  city,  and  the  air  is  renewed  with 
greater  frequency  than  is  the  case  in  Hamburg, 
London  or  Manchester.!  Berlin's  annual  coal 
consumption  is  estimated  (1910)  to  be  about  1.5 
tons  per  capita, -or  a  total  of  about  3,150,000  tons. 
"Smokeless"  fuel  in  the  form  of  briquettes  and 
peat  constitutes  about  60  per  cent  of  the  fuel  con- 
sumed. In  summer  the  domestic  consumption 
is  about  23  per  cent  of  the  whole,  in  winter  about 
53  per  cent.  The  annual  increase  in  coal  con- 
sumption is  higher  than  the  increase  in  population, 
so  that  the  smoke  nuisance  has  tended  to  increase. 
According  to  Rubner,  Berlin  air  is  unmistakably 
impregnated  with  smoke,  but  an  analysis  of  the 

«Dr.  Kister. 

tDr.  M.  Rubner,  "Ueber  trube  Wintertage,  nebst  Untersuchungen  zur 
sogenannten  Rauchplage  der  Grossstadte."  (Cloudy  Winter  Days  and  Investi- 
gations in  Regard  to  the  So-called  Smoke  Nuisance  of  Large  Cities.)  Archiv 
fur  Hygiene,  Vols.  57  and  59,  1906. 


facts  will  show  that  it  is  less  polluted  than  the 
air  of  Hamburg,  London  or  Manchester. 

As  the  conclusion  to  the  reports  of  his  tests 
conducted  to  determine  the  soot  in  Berlin  air, 
Rubner  states:  "On  the  average,  in  one  cubic 
meter  of  city  air,  there  is  0.140  milligram  of  soot 
with  carbon  of  60  per  cent  purity.  .  .  .  The 
minimum  is  0.06  milligram  of  soot  and  the  max- 
imum 0.31  milligram,  a  ratio  of  i  to  5."  A  com- 
parison of  these  figures  with  the  corresponding 
figures  for  Hamburg  shows  that  the  atmosphere 
of  Berlin  contains  almost  as  much  soot  as  that  of 
Hamburg. 

The  results  of  several  series  of  tests  conducted 
by  Rubner  to  determine  the  amount  of  carbon 
dioxid  in  the  atmosphere  of  Berlin  are  set  forth 
in  the  following: 


January,  1906    . 
February,  1906  . 
March,  1906 
April,  1906  .      . 


PARTS   IN    10,000 
AVERAGE  MINIMUM      MAXIMUM 

•  3-37       •        •       3-22       .        .       3.46 

•  3-43     •      •     3-07     .      -     4-02 
.     3-25     -      •     3  08     .      .     3.47 

•  3-41      •      -     3-17     -      -     3-66 


The  amount  of  carbon  monoxid  in  the  atmos- 
phere of  Berlin  is,  Rubner  believes,  not  greater 
than  in  the  atmosphere  of  Paris,  or  about  one  part 
in  500,000.  Organic  carbon  consisting  largely  of 
hydrocarbons,  it  is  stated,  "may  be  found  with- 
out doubt  in  every  sample  of  air,  only  the 
quantity  is  variable." 

The  amount  of  sulphurous  acid  in  Berlin  air  is 
reported  to  vary  from  1.5  to  2.0  milligrams  per 
cubic  meter;  the  amount  of  sulphuric  acid  accord- 
ing to  Rubner  is  3.28  milligrams  per  cubic  meter. 
Comparison  of  the  visible  and  the  invisible  con- 
stituents of  the  smoke  pollution  of  the  atmosphere 
of  Berlin  indicates  that  the  content  of  sulphur- 
ous acid  exceeds  that  of  soot. 

Of  nitrites  and  nitrates,  Berlin's  air  is  said  to 
contain  from  1.3  to  3.0  milligrams  per  cubic  meter. 

Berlin  has,  besides  a  diffused  smoke  nuisance, 
certain  prominent  local  smoke  nuisances,  espe- 
cially in  those  vicinities  in  which  the  factories 
of  the  city  are  located.  "The  clouding  of  the 
horizon  on  the  north  of  the  city  occurs  even  on 
bright  days,  in  the  forenoon  and  afternoon  hours. 
The  haze  makes  it  almost  impossible  to  see  the 
real  color  of  the  sky;  even  low-lying  clouds  can 
hardly  be  clearly  distinguished.  This  haziness 
sometimes  covers  half  the  horizon,  the  sun  is 
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scarcely  visible  at  all,  the  cloud  masses,  the 
edges  of  which  ought  to  appear  dazzlingly  white, 
look  quite  brown.  When  the  sun  does  penetrate, 
its  brightness  is  greatly  diminished.  The  climatic 
proof  that  Berlin  is  suffering  from  its  own  develop- 
ment of  smoke  and  that  influences  are  at  work  in 
no  small  degree  on  the  formation  of  haze  and  fog, 
is  certain." 

A  record  of  sunshine  in  Berlin  shows  that  in 
autumn  and  winter  the  city  suffers  a  deficiency 
in  the  possible  amount  of  light  of  from  15  to  16 
per  cent,  and  in  spring  a  deficiency  of  9  per  cent. 
Records  for  the  years  1891  to  1900,  inclusive, 
indicate  that  Berlin  has  34.3  per  cent  of  possible 
sunshine,  or,  on  the  average,  1371.8  hours  annually 
or  4.6  hours  daily.  An  increase  in  the  amount 
of  sunshine  in  Berlin  has  been  noted  by  observers 
in  recent  years,  a  fact  which  is  attributed  by 
Behre*  to  successful  smoke  abatement  activity 
in  the  city. 

Dresden,  Germany 

Several  series  of  investigations  which  have 
been  made  in  Dresden  by  Renk  have  related  to 
soot  but  not  to  the  polluting  gases  in  the  air  nor 
to  the  amounts  of  cloud  and  sunshine.  Dresden 
has  a  population  of  about  500,000.  It  has  in 
recent  years  acquired  great  commercial  and  in- 
dustrial importance;  its  railroads  as  well  as  its 
factories  are  regarded  as  factors  in  smoke  produc- 
tion. West  and  northwest  of  the  city  are  located 
industrial  districts,  but  only  from  the  northwest  is 
the  smoke  carried  by  the  winds  over  the  city  in 
such  quantities  as  to  affect  the  atmosphere.  The 
investigations,  however,  have  definitely  estab- 
lished the  fact  that  the  greater  part  of  Dresden's 
smoke  is  due  to  domestic  fires.  The  annual  coal 
consumption  is  estimated  at  about  2  tons  per 
capita,  or  approximately  1,000,000  tons.  The 
coal  used  is  mostly  lignite,  or  brown  coal,  which 
is  not  as  smoky  as  the  coal  used  in  Hamburg. 
Dresden  has  a  well  enforced  smoke  ordinance 
the  prohibition  of  which  does  not  exempt  even 
private  residences. 

The  results  of  Renk's  investigations  with 
reference  to  soot  in  Dresden  indicate  that  the 
proportion  of  soot  in  the  atmosphere  of  that  city 
is  greater  than  that  in  the  atmosphere  of  Berlin 
or  even  of  Hamburg.  The  soot  content  is  so 

*  "Klirna  von  Berlin."     (Climate  of  Berlin.)     1908. 


great  that  rain  falling  on  any  white  object  or 
material  distinctly  spots  it  with  black.  Renk 
found  that  the  amount  of  soot  was  greatest  when 
the  air  was  calm,  greater  in  winter  than  in  summer, 
and  greater  in  the  morning  than  in  the  afternoon. 
Liefmann  makes  the  statement  that  the  pol- 
luting gases  in  the  air  of  Dresden  amount  annually 
to  2,700,000,000  cubic  meters. 

Other  German  Cities 

While  a  large  number  of  other  German  cities 
are  known  to  be  smoky,  data  regarding  the  pol- 
lution of  their  atmosphere  are  meager.  Hanover 
has  an  annual  coal  consumption  of  about  one  ton 
per  capita  and  sends  into  the  atmosphere  yearly 
about  1,848,000,000  cubic  meters  of  flue-gases. 
Most  of  its  smoke  is  produced  by  domestic  and 
other  small  fires.  Magdeburg,  with  an  annual 
coal  consumption  of  about  four  tons  per  capita, 
has  less  sunshine  than  Berlin  but  more  than 
Hamburg.  Chemnitz,  with  an  annual  coal  con- 
sumption of  2.5  tons  per  capita,  has  a  known 
sootfall  greater  than  that  of  Berlin.  Cologne  has 
an  annual  coal  consumption  of  four  tons  per 
capita,  and  each  year  pours  into  the  air  3,700,000,- 
ooo  cubic  meters  of  flue-gases.  One-half  of  its 
smoke  is  attributed  to  domestic  fires.  Konigs- 
berg,  which  has  a  scientific  smoke  commission, 
annually  burns  about  one  ton  of  coal  per  capita. 
Reports  of  investigators  indicate  that  the  air 
pollution  due  to  sulphur  gases  amounts  to  from 
o.o i  to  0.5  milligram  of  sulphur  dioxid  per  cubic 
meter  and  from  0.0125  to  0.625  milligram  of 
sulphur  trioxid. 

Paris,  France 

Paris  has  an  area  of  about  30  square  miles  and 
a  population  of  about  2,700,000.  By  reason  of 
its  situation  on  the  river  Seine  and  the  prevailing 
direction  of  its  winds,  general  meteorological 
conditions  render  its  atmosphere  misty  during  a 
large  part  of  the  year.  The  sky  is  clouded  about 
half  the  year  and  rain  falls  on  the  average  during 
143  days;  there  are  40  days  of  fog  and  many  days 
of  haze.  On  226  days  of  the  year  the  winds 
blow  from  the  S.,  S.  W.,  W.  or  N.  W.,  and  on 
129  days  they  blow  from  the  N.,  N.E.,  E.  or 
S.  E.;  there  are  10  calm  days  in  the  year  and  165 
days  of  sunshine,  t 

t  "Paris,"  Encyclopaedia  Britannica,  eleventh  edition 
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Observers  give  values  for  carbon  dioxid  found 
in  the  atmosphere  of  Paris,  as  follows: 


City  (winter)  '  . 


Suburbs 


MEAN 

3-«9 

2.70 


PARTS   IN    10,000 

MAXIMUM       MINIMUM 
.       4.22       .       .       2.66 


f       2.70      .       .       2.91       .       .       2.43 

to       .  to       .  to 

3-29    .    .    3.59    •    -    2.85 


It  will  be  seen  that  the  mean  is  only  slightly 
above  the  normal  amount  of  3  parts  in  10,000  for 
pure  atmospheric  air.  The  amount  is  slightly  less 
than  that  in  Berlin  air  and  much  less  than  that  in 
London  air  during  fogs.  In  Paris  alone  among 
the  great  cities  careful  investigations  seem  to 
have  been  made  to  determine  the  amount  of 
carbon  monoxid  in  street  air.  Professor  Gautier, 
special  chemist  for  the  Health  Department  of 
the  city,  refers  to  his  investigations  as  follows:* 
"According  to  the  result  obtained  there  would  be 
found,  on  the  average,  in  the  streets  of  Paris  2 
volumes  of  carbon  monoxid  to  1,000,000  volumes 
of  air,  and  eliminating  one  experiment  which 
left  me  in  doubt,  this  average  falls  to  0.58;  that 
is,  to  a  little  more  than  half  a  volume  in  1,000,000 
of  air.  We  conclude  that  carbon  monoxid  is 
often  totally  absent  from  the  air  of  Paris  and 
that  it  varies  between  zero  and  9  volumes  in 
1,000,000  of  air.  There  is  not  an  instant's  doubt 
that  if  my  experiments  had  been  made  in  the 
quarters  and  at  the  hours  at  which  smoke  is 
emitted  abundantly,  in  the  neighborhood  of  the 
great  workhouses,  theatres,  active  factories  with 
electric  or  motor  power,  especially  while  their 
motors  were  operating  at  full  force,  the  maximum 
figures  would  have  been  greatly  increased." 
These  investigations  seem  to  be  the  only  ones  of 
their  kind.  They  confirm  the  common  assump- 
tion that  carbon  monoxid,  in  itself  a  poisonous 
gas,  if  present  in  the  atmosphere  of  cities,  is  in 
amounts  too  small  to  be  easily  detected. 

Gautier  calculated  the  total  amount  of  invisible 
polluting  gases  in  Paris  air  at  more  than  20,000 
tons  per  day.  He  expresses  the  opinion  that 
this  portion  of  smoke  is  far  more  important  than 
the  visible  portion. 

Cleveland,  Ohio 

In  Cleveland  the  smoke  nuisance  early  became 
a  recognized  fact.  With  the  continued  growth 


of  the  city  the  nuisance  has  increased,  although 
constant  attempts  to  check  it  have  been  made  in 
vigorous  smoke  abatement  campaigns.  With  a 
population  of  about  500,000  (1910),  Cleveland 
has  nearly  4,000  factories.  Its  coal  consumption 
in  1910  was  about  2,800,000  tons. 

The  average  of  a  series  of  observations  covering 
the  various  classes  of  smoke  districts  in  the  city 
and  in  a  nearby  country  district,  shows  the  soot 
content  as  14.13  milligrams  per  cubic  meter. 

The  amount  of  carbon  dioxid  found  in  the 
atmosphere,  as  a  result  of  the  studies  mentioned, 
is  shown  in  the  following  :t 

CHARACTER   OF   LOCALITY  PARTS  IN  IO.OOO 

College  campus 3 . 52 

Numerous  factories 3 . 89 

Business  blocks 4.01 

Large  factories 3 . 86 

Locomotives  and  tugs 4  -  52 

Residences 4.31 

Numerous  factories 4.77 

Residences  and  farms 3-99 

Farms  outside  the  city  limits  (three  miles)      .      .     .      .  3 . 68 

The  average  of  the  observations  is  4.06  parts 
in  10,000,  which  is  a  higher  value  than  has  gen- 
erally been  observed  in  foreign  cities.  It  will  be 
seen  that  the  largest  amount  was  found  in  one 
of  the  factory  districts,  although  the  residence 
districts  registered  a  carbon  dioxid  content  in 
the  air  which  is  higher  than  the  average.  The 
high  degree  of  pollution  in  the  railroad  districts 
is  explained  as  due  largely  to  the  river  in  the 
valley  of  which  railroads  run.  This  river  is  de- 
scribed as  being  little  better  than  an  open  sewer. 

The  average  of  13  determinations  of  sulphur 
in  terms  of  sulphuric  acid  showed  33.019  milli- 
grams per  cubic  meter.  The  amounts  were  gen- 
erally greatest  on  cloudy  days.  In  the  country 
districts  sulphuric  acid  was  either  lacking  entirely 
or  was  present  in  very  small  amounts.  In  the 
residence  districts  the  content  was  rather  large 
while  in  factory  districts  it  was  sometimes  small. 
In  the  railroad  and  steamboat  districts  it  was  large. 
The  deposits  of  soot  on  the  leaves  of  trees  were 
found  to  contain  1.91  to  3.17  per  cent  of  sulphuric 
acid,  and  in  certain  parts  of  the  city  very  apparent 
effects  of  the  acid  were  detected. 

Ammonia  and  other  nitrogen  compounds  seem 
to  have  been  unusually  plentiful  in  the  vicinity  of 


*  "Lesfumfesde  la  villede  Paris."     (Smoke  of  the  City  of  Paris.)     Annale* 
d'hygiene.  Vol.  45.  1901. 


t  C.  F.  Mabery,  "An  Examination  of  the  Atmosphere  of  a  Large  Manufac- 
turing City."     Journal  of  the  American  Chemical  Society.  Vol.  17.  1895. 
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the  business  blocks,  manufactories  and  the  college 
campus,  but  not  in  the  residence  districts. 

The  annual  number  of  cloudy  days  in  Cleveland 
appears  to  have  increased  since  1906  and  the 
amount  of  sunshine  to  have  decreased  slightly. 

Chicago 

In  concluding  this  review  of  the  literature  of 
the  atmospheric  pollution  of  cities,  it  may  properly 
be  noted  that  the  studies  of  the  atmospheric 
pollution  of  Chicago,  the  results  of  which  are 
presented  in  the  several  chapters  which  follow, 
make  up  a  record  which  is  more  complete  than 
any  now  available  for  other  cities.  The  facts, 
as  far  as  they  have  been  apprehended,  are  pre- 
sented elsewhere  in  this  report  (chapters  104  to  115 
inclusive).  It  will  be  sufficient  in  this  connection 
to  note  that  Chicago  has  a  population  of  2,185,000 
(census  of  1910)  and  an  area  of  194  square  miles. 
It  occupies  a  level  plain  and  has  a  lake  front  of 
about  23  miles.  Of  some  300,000  buildings  emit- 
ting smoke  within  the  city,  40,000  are  factories, 
mercantile  houses  and  storage  houses,  100,000  are 
apartment  houses,  130,000  are  residences  and 
30,000  are  miscellaneous  buildings.  There  are  39 
railroads  operating  each  day  about  1,600  different 
locomotives  within  the  city  limits.  The  record 
shows  that  5,751  steamboats  enter  its  harbors 
from  other  lake  points  during  the  year  and  119 
other  steamboats  operate  in  city  waters. 

The  annual  coal  consumption  of  Chicago  is 
approximately  17,500,000  tons  (1912)  or  about  8 
tons  per  capita.  The  coal  consumed  is  mostly 
bituminous.  The  atmosphere  of  Chicago  is  kept 
in  fairly  constant  motion  by  breezes,  the  prevailing 
direction  of  which  is  from  the  southwest.  Its 
humidity  is  naturally  affected  by  the  proximity 
of  the  city  to  the  lake,  and  fogs  of  short  duration 
are  not  infrequent.  The  average  percentage  of 
sunshine  for  the  years  1906  to  1912  was  57.4. 
During  this  period  the  average  increased  slightly, 
while  the  number  of  cloudy  days  decreased,  a  fact 
which  is  to  be  accepted  as  an  indication  of  pro- 
gress in  smoke  abatement.  The  pollution  of  the 
atmosphere  is  greatest  in  the  "loop"  or  central 
business  district  of  the  city,  notwithstanding  the 
fact  that  the  strictest  smoke  abatement  super- 
vision is  maintained  in  that  quarter  of  the  city, 
and  gradually  decreases  toward  the  outlying 
districts.  The  ammonia  pollution,  however,  fol- 


lows the  opposite  rule.  The  amount  of  soot  and 
carbon  dioxid  is  greater  in  the  industrial  districts 
than  in  the  railroad  districts.  The  amount  of 
carbon  dioxid  in  residence  districts  also  exceeds 
that  in  the  railroad  districts.  But  the  differences 
between  the  railroad,  the  industrial  and  the  resi- 
dence districts  are,  after  all,  not  significant.  On 
the  whole,  while  the  coal  consumption  per  capita 
is  far  greater  than  that  of  any  other  city  covered 
by  this  review,  the  air  pollution  in  Chicago  ap- 
pears to  be  less,  relatively,  than  in  most  other 
cities;  certainly  less  than  in  those  cities  with 
which  it  should  normally  be  compared.  The  facts 
sustaining  this  statement  are  set  forth  in  the  chap- 
ters which  follow. 

101.13  Conclusions  to  be  Drawn  from  the 
Literature  Relating  to  Smoke  and  the  Atmosphere 
of  Cities :  Among  the  facts  which  are  made  clear 
by  the  preceding  review,  the  following  may  be 
noted  as  those  of  most  importance: 

1.  The   extent  to  which  the  atmosphere   of 
cities    is    polluted    is    conveniently    and    quite 
commonly    judged    by    comparing    it    with    the 
normal  air  of  the  open  country  as  a  standard. 
The  characteristics  of  normal  atmospheric  air 
being  known,  all  that  is  necessary  is  to  point  out 
the  differences  between  such  characteristics  and 
those  of  city  air. 

2.  In  the  study  of  the  atmosphere  of  cities, 
methods  have  been  devised  which,  while  in  part 
successful,   are  still  largely  experimental.     The 
methods  commonly  employed  in  determining  the 
solid  content  of  smoke  polluted  air  are  admittedly 
less  satisfactory  than  those  used  in  determining 
the  gaseous  content.     It  is  coming  to.be  empha- 
sized more  and  more  that  effective  smoke  inspec- 
tion involves  technical  knowledge  and  skilled  use 
of  laboratory  equipment.     A  comparative  study 
of  the  air  of  cities  based  on  such  methods  is  being 
generally  urged. 

3.  The  comparison  of  the  air  of  cities  with  that 
of  the  country  has  revealed  characteristics  which 
may,  and  apparently  must,  be  attributed  to  the 
smoke  of  the  cities;  but  it  is  also  true  that  they 
may  in  part  be  attributed  to  other  sources,  as, 
for  example,  leakages  from  gas  mains,  the  pollu- 
tion due  to  sewers,  the  dust  of  the  streets  and 
decaying    organisms.     Air    analysts    have,    ad- 
mittedly, not  been  able  to  separate  clearly  and 
absolutely  the  products  of  combustion  as  dis- 
persed in  the  air  from  those  of  other  agents  of 
air  pollution. 

4.  The   industrial   activity   of   all   important 
cities  has   brought   about   an  increase  in   coal 
consumption  which  is  greater  than  the  increase 
in  population.     Smoke  formation  and  the  con- 
sequent pollution  of  the  atmosphere  by  smoke 
have  in  recent  years  tended  to  increase  and  have 
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done  so,  except  so  far  as  the  adoption  of  various 
measures  in  smoke  prevention  have  proved  effec- 
tive. But  the  effects  of  atmospheric  pollution  by 
smoke  are  as  yet  quite  uncertain.  Scientific 
studies  of  the  atmosphere  of  cities  are  of  recent 
origin  and  the  time  which  has  elapsed  since  the 
initial  work  in  this  direction  has  been  too  short 
for  the  attainment  of  accurate  results  of  per- 
manent value.  No  one  individual  and  no  one 
city  can  accomplish  the  work  that  should  be 
done.  The  observations  must  be  numerous  and 
should  extend  over  decades.  Certain  incon- 
sistencies in  the  use  of  terms  must  be  eliminated. 
It  is  only  by  such  means  that  conjectures  can  be 
made  to  give  way  to  facts  and  anticipations  to 
scientific  inferences. 

5.  Although  soot  and  its  effects  have  formed 
the  principal  subjects  of  complaint,  less  is  really 
known  of  them  than  of  the  gases  of  smoke. 

6.  The  fact  appears  firmly  established  that 
there  is  a  well-defined  relation  between  smoke 
and  fog  and  that  the  presence  of  smoke  induces 
fog. 

7.  It  seems  to  be  agreed  that  while  smoke  is 
not  the  only  factor  affecting  sunshine,  it  is  a 
function  of  the  amount  of  sunshine.     Increased 
quantities    of    smoke    diminish  the  number  of 
hours  of  sunshine. 

8.  The  amount  of  carbon  dioxid  in  the  atmos- 
phere of  cities  is,  as  a  rule,  only  about  o.oi  per 
cent   greater   than   that   in    country   air.     The 
sulphur  compounds  in  city  air  usually  constitute 

•  a  more  important  element  than  is  the  case  in 
country  air.  Sulphur  compounds  are  generally 
thought  to  be  due  to  the  combustion  of  coal. 

9.  The    amount  of   pollution  in  the   atmos- 
phere at  any  given  time  or  place  depends  very 
much  upon  climatic  conditions.     On  calm  days, 
smoke  is  much  more  in  evidence  than  on  windy 
days.     Certain  large  cities  possess  a  great  ad- 
vantage   in    prevailing    winds    that    carry   off 
much  of  the  polluted  air.     Other  things  being 
equal,  a  dry  atmosphere  is  more  polluted  than  an 
atmosphere  which  has  been  washed  by  recent 
rain  or  snow,  but  a  permanently  humid  atmos- 
phere serves  to  intensify  the  pollution  caused  by 
smoke.     In  a  number  of  cities  a  haze  more  or 
less   permanent   and   independent   of   meteoro- 
logical conditions  has  been  observed  and  has 
been  attributed  to  air  pollution  due  to  products 
of  combustion.     This  has  been  noted  particularly 
in  Manchester,  London,  Paris  and  Berlin. 

10.  Among  the  sources  of  the  pollution  of  city 
air  by  smoke,  the  world  over,  domestic  chimneys 
are  very  conspicuous.     The  mention  of  them  by 
observers  and  students  is  much  more  frequent 
than  the  mention  of  such  other  sources  as  railroads 
and  steamboats. 

11.  A  comparison  of  the  facts  available  with 
reference  to  Chicago  and  those  relating  to  other 
cities  presents  some  features  of  particular  interest 
in  the  present  study.     It  is  made  apparent  that 
the  extent  of  the  air  pollution  due  to  smoke  in 
Chicago,  as  revealed  by  the  studies  reviewed,  is 
not  more  serious  than  that  in  other  cities.     In 


many  respects,  in  fact,  conditions  in  Chicago  are 
much  better  than  those  in  other  cities;  the  per 
cent  of  possible  sunshine  is  higher  than  that  of 
Cleveland  and  of  all  the  European  cities  studied, 
and  reports  show  that  the  content  of  sulphur 
compounds  in  the  atmosphere  is  lower  in  Chicago 
than  in  other  cities.  The  high  average  wind 
velocities  in  Chicago  serve  materially  to  dissipate 
smoke  and  to  decrease  its  polluting  effects. 


METHODS  AND  REGULATIONS  EMPLOYED 
IN    SMOKE   ABATEMENT 

101.14  Means   in   Smoke   Abatement:     The 

abatement  of  smoke  has  been  a  subject  of  public 
interest  in  domestic  and  foreign  cities  for  many 
years.  Various  methods  have  been  employed  at 
different  periods  with  varying  degrees  of  success. 
At  present  the  methods  most  generally  in  use  are : 

1.  The  enactment  and  enforcement  of  smoke 
abatement  ordinances. 

2.  The  enlightenment  of  the  public  with  regard 
to  both  the  necessity  of  abating  smoke  and  the 
direct  means  by  which  this  may  be  accomplished. 

In  most  countries,  results  in  smoke  abatement 
have  been  dependent  upon  legislation.  Generally, 
the  enforcement  of  laws  has  been  accompanied  by 
educational  processes.  An  exception  to  this,  how- 
ever, is  found  in  Germany  where  smoke  abate- 
ment ordinances  are  rare  and  activities  in  smoke 
abatement  are  largely  directed  by  organized  pri- 
vate effort. 

In  many  instances,  laws  for  the  prevention  of 
smoke  have  been  drawn  so  loosely  that  it  has  been 
impossible  to  maintain  their  validity  before  the 
courts.  In  other  instances  legislation  has  been 
enacted  without  proper  consideration  of  the 
difficulties  of  the  problem,  with  the  result  that 
its  provisions  could  not  long  be  enforced.  It  is 
obvious  that  the  beneficial  effects  to  be  expected 
from  legislation  will  depend  primarily  upon  the 
extent  to  which  the  legislative  act  recognizes  the 
real  nature  of  the  pollution  arising  from  smoke, 
the  means  to  be  employed  in  detecting  its  pres- 
ence and  the  limitations  imposed  by  present- 
day  methods  upon  those  who  desire  to  be  obedient 
to  the  requirements  of  the  law. 

101.15  Classification    of    Smoke    Producers: 
Smoke  abatement  ordinances  have  generally  recog- 
nized   some   classification   of   smoke   producers. 
Such  classifications  have  been  based  upon  the 
amount  of  smoke  produced,  upon   the   kind  of 
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furnace  or  fireplace  involved,  whether  stationary 
or  movable,  upon  the  nature  of  the  work  per- 
formed by  the  furnace,  or  upon  the  practicability 
of  smoke  prevention.  In  a  few  cases,  classifica- 
tions have  been  made  upon  the  basis  of  conven- 
ience in  inspection  or  that  of  the  size  and  number 
of  the  plants. 

The  British  Commission  of  1846  concluded  that 
private  fires  should  be  considered  separately  from 
those  of  "steam  engines,  breweries  and  other 
works  generally, "  and  that  the  latter  class  should 
be  subdivided  so  as  to  distinguish  between  fur- 
naces from  which  a  discharge  of  smoke  might  be 
prevented  without  damage  to  the  industry,  and 
those  with  regard  to  which  the  opposite  might  be 
true.  Movable  plants  were  not  taken  into  con- 
sideration at  all  by  this  Commission  but  were 
included  a  few  years  later  in  the  London  ordi- 
nances. A  proper  classification  of  smoke  sources 
is  being  recognized  as  necessary  in  the  work  of 
smoke  abatement. 

The  most  elaborate  classifications  based  upon 
the  nature  of  furnaces  seem  to  be  those  of  Shef- 
field, England,  and  St.  Louis,  Mo.  The  Shef- 
field classification  is  as  follows : 

1.  Boiler  plants. 

2.  Metallurgical  furnaces. 

3.  Kilns  and  coke  ovens. 

4.  Private  dwellings. 

This  classification  recognizes  the  peculiar  con- 
ditions existing  in  Sheffield  as  a  steel  manufac- 
turing center.  Special  claims  are  set  forth  by 
the  steel  mills  to  the  effect  that  the  uneven  de- 
mands which  the  manufacture  of  steel  makes 
upon  furnaces  cause  unusual  difficulty  in  smoke 
prevention. 

The  present  classification  in  St.  Louis  is  as 
follows : 

1.  High  pressure  boiler  plants. 

2.  Low  pressure  or  heating  plants. 

3.  Locomotives. 

4.  Brick  and  fire  clay  kilns. 

5.  Residences,  bakeries,  steam  rollers,  etc. 

In  London  and  in  Leeds,  England,  although 
the  conditions  are  equally  complicated,  the  classi- 
fications are  less  elaborate.  The  London  classi- 
fication is  as  follows: 

1.  Steam  boiler  furnaces.     Other  furnaces  used 
in  any  manufacturing  or  trade  process. 

2.  Private  fires. 

3.  Furnaces  of  steamboats. 


The  classification  in  Leeds  is  as  follows: 

1.  Ordinary  steam  boiler  plants. 

2 .  Domestic  fires. 

3.  Furnaces  used  in  processes  of  dyeing,  refin- 
ing, puddling,  smelting,  or  in  making  bricks,  tiles, 
etc.,  to  which  special  conditions  are  attached. 

The  classification  in  Paris,  France,  has  special 
features  which  are  doubtless  due  to  the  prepon- 
derance of  small  industries.  Establishments  are 
divided  into  "classed"  and  "unclassed. "  The 
former  division  includes  the  following: 

1.  Establishments  concerned  with  the  genera- 
tion of  electric  currents. 

2.  Steam  boiler  plants. 

3.  Plants  containing  machinery  moving  at  high 
velocities. 

The  "unclassed"  industries  have  included  at 
different  periods  from  10  to  18  special  industries, 
such  as  power  plants,  petroleum  refineries,  gun- 
powder factories  and  manufactories  of  aluminum, 
celluloid,  felt  hats  and  other  articles. 

The  classification  adopted  in  Boston,  Mass., 
disregards  the  nature  of  the  industry  concerned 
and  takes  account  only  of  the  size  and  character 
of  the  furnace.  It  was  devised  with  special  ref- 
erence to  a  discriminating  and  equitable  estima- 
tion of  the  smoke  discharged.  It  is  as  follows: 

1.  Stationary   stacks   having   an  inside   area 
at  top  not  exceeding  that  of  a  circle  5  feet  in 
diameter. 

2.  Stationary    stacks,    not    above    included, 
having  an  inside  area  at  top  not  greater  than 
that  of  a  circle  10  feet  in  diameter. 

3.  Stationary  stacks  of  still  greater  area  at  top. 

4.  Stacks  of  vessels  having  an  inside  area  not 
exceeding  that  of  a  circle  4  feet  in  diameter. 

5.  Stacks  of  vessels   having   an   inside   area 
greater  than  that  of  a  circle  4  feet  in  diameter. 

6.  Stacks  of  steam  locomotives. 

The  Committee  of  Investigation  of  the  Mellon 
Institute  of  Industrial  Research  and  School  of 
Specific  Industries  of  the  University  of  Pitts- 
burgh has  adopted  a  mixed  classification  which 
is  presented  in  the  following: 

1.  Business  section  of  the  city. 

2.  Manufacturing  plants. 

3.  Railroads. 

4.  River  steamboats. 

5.  Residences. 

6.  Miscellaneous  plants,  such  as  contractors' 
hoisting  engines,  steam  rollers,  etc. 

A  similar  mixed  classification  is  in  use  in 
Chicago  and  may  be  given  here  for  the  sake  of 
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comparison,  although  the  practice  of  Chicago 
is  considered  in  full  elsewhere  in  this  report 
(chapter  104): 

1.  Central  district  of  the  city  (including  hotels, 
department  stores,  business  blocks,  office  build- 
ings, club  buildings,  public  buildings,  etc.). 

2.  Miscellaneous  power  plants. 

3.  Flat  buildings. 

4.  Domestic  heating. 

5.  Special  furnaces  (heating  and  melting  fur- 
naces in  steel  plants,  terra-cotta  plants,  malleable 
iron  plants,  forge  shops,  enameling  plants,  an- 
nealing ovens,  baking  ovens,  china  kilns,  etc.). 

6.  Railroad  locomotives. 

7.  Boats. 

It  will  be  seen  that  most  of  these  classifica- 
tions have  reference  chiefly  to  boiler  plants, 
special  furnaces  and  residences.  In  many  cities 
little  effort  has  been  made  to  effect  an  abatement 
of  smoke  from  residences  and  special  furnaces, 
while  boiler  furnaces  have  received  a  much  greater 
share  of  attention.  It  is  known,  however,  that 
domestic  fires  are  of  the  greatest  importance  as 
smoke  producers.  In  London,  Glasgow  and  Man- 
chester domestic  smoke  is  estimated  at  from  44 
to  80  per  cent  of  the  whole;  in  Dresden,  Hanover, 
Cologne  and  other  German  cities  it  comprises 
from  40  to  50  per  cent;  in  Paris  it  is  estimated 
at  80  per  cent.  No  close  estimates  have  been 
made  for  American  cities,  but  in  Cincinnati, 
Indianapolis  and  Louisville  domestic  smoke  has 
been  recognized  as  a  very  considerable  portion  of 
the  whole.  It  is  well  known  that  the  amount 
of  smoke  produced  by  domestic  fires,  as  compared 
with  that  produced  by  industrial  furnaces,  is 
greatly  out  of  proportion  to  the  amount  of  coal 
consumed,  owing  in  part  to  the  poor  quality  of 
fuel  used  in  many  apartment  buildings,  and  in 
part  to  the  careless  methods  generally  employed 
in  burning  it.  The  relative  importance  of  do- 
mestic fires  as  smoke  producers  in  Chicago  has 
in  recent  years  been  favorably  affected  by  the 
increased  use  of  gas  for  cooking.  However,  the 
large  quantities  of  smoke  produced  from  a  single 
source  in  industrial  establishments,  the  rapid 
industrial  development  of  modern  cities,  and  the 
difficulties  of  inspecting  the  enormous  number  of 
domestic  fires,  have  all  operated  to  focus  the  atten- 
tion of  law  makers  and  the  efforts  of  those  en- 
trusted with  the  enforcement  of  smoke  abatement 
ordinances  upon  industrial  furnaces  rather  than 
upon  domestic  fires. 


Mr.  G.  Beilby,*  in  an  address  before  the  Society 
of  Chemical  Industry,  presented  an  estimate  of 
the  amount  of  coal  consumed  by  various  indus- 
tries in  Great  Britain  during  the  year  1898  as  an 
index  to  the  relative  smoke  production  by  these 
services.  The  values  given  cannot  be  accepted 
as  a  direct  measure  of  the  amount  of  smoke  pro- 
duced because  certain  industries  utilize  waste 
products  to  an  extent  which  practically  eliminates 
visible  smoke,  and  also  because,  in  the  operation 
of  domestic  furnaces,  the  firing  is  so  unscientific 
as  to  make  them  responsible  for  a  correspond- 
ingly large  proportion  of  smoke.  In  a  measure, 
however,  they  serve  to  suggest  the  relative  im- 
portance of  the  several  services.  Mr.  Beilby's 
estimate  is  as  follows : 

AN  ESTIMATE  OP  THE  AMOUNT  OP  COAL  CONSUMED  BY 
VARIOUS  INDUSTRIES  IN  GREAT  BRITAIN  IN  1*98 


Service 

Tona 

Per  Cent 
of  Total 

For  the  Production  of  Power 
Railroads  

10  000  000  to  12  000  000 

*  *  *  * 

Mines  

Factories  

38,000,000  to  4aOOO]oOO 

Total  for  the  production  of  power  .  .  . 

76.000,000 

IX     1 

For  the  Production  of  Heat  for  Indus- 
trial Purposes 

Steel  and  iron  works  

10  OOO'OOO  to  12'oOO'oOO 

Chemical    works  —  potteries   and  glass 
works  

4  000  000  to    6  000  000 

Gas  works  

13,000,000  to  u!ooo]ooo 

Total  for  the  production  of  heat  for 
industrial  purposes  
Domestic  fires  

46.000,000 
35,000,000 

29.4 

.'.'  .' 

Totals  for  all  services  

157,000,000 

100.0 

The  report  of  the  Chicago  Department  of  Smoke 
Inspection  for  the  year  1910  presents  an  estimate 
of  the  city's  fuel  consumption,  as  follows: 

AN  ESTIMATE  OF  THE  AMOUNT  OF  COAL  CONSUMED  BY 
VARIOUS  INDUSTRIES  IN  CHICAGO  IN  1910 


Class 

Service 

Tons 

Per  Cent 

1 

Central  district  of  city  

1  5OO  000 

2 

4  500  000 

3 

Flats  

750  000 

7  5 

4 

Domestic  fires  

650  000 

5 

Special  furnaces  

600  000 

6  0 

6 

Railroads  

1  850  000 

7 

Boats  

150,000 

1,.-. 

i  otals  

100.0 

The  small  percentage  of  coal  (14  per  cent)  used 
for  domestic  purposes  as  compared  with  England 
(22.2  per  cent)  is  probably  due,  in  some  measure, 
to  Chicago's  extensive  use  of  gas  for  cooking. 
The  results  of  the  Committee's  investigations 
with  reference  to  the  fuel  consumed  by  differ- 
ent services  are  elsewhere  presented  (chapter  104). 

*  Presidential   Address,    Journal    of    the    Society    of    Chemical    Industry. 
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101.16  Supervision  of  the  Performance  of 
Furnaces:  If  the  regulation  of  smoke  is  to  be 
regarded  primarily  as  a  factor  in  promoting  the 
welfare  of  the  community  and  not  solely  as  a 
police  measure,  it  is  clear  that  provision  must  be 
made  not  only  for  enforcing  the  regulations,  but 
also  for  giving  instructions  with  reference  to  the 
proper  construction  and  management  of  furnaces. 
In  this  connection  it  is  interesting  to  note  that 
practically  all  the  advances  made  in  Germany 
toward  the  elimination  of  the  smoke  evil  have 
been  along  these  lines.  In  England  and  in  the 
United  States,  smoke  inspectors  are  often  charged 
only,  with  police  duties  and  are  not  expected  to 
give  assistance  or  instruction.  In  a  number  of 
municipalities  there  are  no  special  smoke  in- 
spectors, the  enforcement  of  the  ordinances  being 
delegated  either  to  the  police  or  to  the  health  de- 
partment. In  a  few  cities  of  the  United  States 
there  are,  besides  the  city  smoke  inspectors, 
inspectors  appointed  and  paid  by  the  railroads, 
who  co-operate  with  the  city  inspectors  and 
report  to  them  at  stated  intervals.  Thus,  in 
New  York  City  each  railroad  has  several  men 
charged  with  the  duty  of  supervising  the  perform- 
ance of  locomotives  in  such  manner  as  to  abate 
smoke.  In  Boston  each  railroad  has  one  man 
constantly  making  observations  and  reporting 
careless  or  unnecessary  smoke  emissions.  In 
Philadelphia,  Rochester,  Milwaukee,  Minneapolis, 
St.  Louis,  Toledo,  Detroit,  Cleveland,  Cincinnati, 
Pittsburgh  and  Chicago,  smoke  inspectors  are  or 
have  been  employed  by  the  railroads.*  In  cities 
where  no  special  smoke  inspectors  are  provided 
by  the  railroads,  locomotive  engineers  and  fire- 
men are  instructed  to  observe  the  requirements 
of  the  city  ordinances  as  to  smoke  abatement. 

The  qualifications  of  smoke  inspectors  in  the 
United  States  respond  to  a  high  standard.  The 
smoke  ordinances  of  more  than  half  the  cities  in 
the  United  States  and  Canada  specify  that  the 
chief  smoke  inspector  shall  be  a  trained  engineer. 
In  some  of  the  cities  the  deputy  inspectors  must 
possess  the  same  qualifications  as  the  chief  in- 
spector. In  general,  it  may  be  said  that  the  smoke 
inspectors  are  amply  qualified  to  supervise  the 
performance  of  furnaces  and  to  co-operate  intel- 

*The  railroads  of  Chicago  are,  at  this  date  (September,  1914),  employing 
38  men  who  devote  all  their  time  to  smoke  inspection  in  connection  with 
locomotive  service  and  12  others  who  devote  the  larger  part  of  their  time 
to  such  work. 


ligently  with  engineers  and  firemen  in  abating 
smoke.  In  foreign  countries  the  ordinances  are 
less  explicit  on  this  point,  but  it  is  known  that 
there  are  mechanical  experts  acting  as  smoke 
inspectors  in  such  cities  as  Sheffield,  Manchester, 
Liverpool,  Glasgow  and  London.  The  chief  in- 
spectors of  the  stoking  societies  of  Germany  are 
also  experts.  It  is  being  generally  recognized 
that  smoke  inspection  is  a  technical  art  which 
requires  special  knowledge  and  skill.  *  It  is  also 
understood  that  certain  qualities  of  character  such 
as  good  judgment,  tact  and  moral  incorrupti- 
bility are  necessary.  The  function  of  smoke  in- 
spection has  ceased  to  be  merely  that  of  exercis- 
ing a  strict  surveillance  with  a  view  to  detecting 
violations  of  the  law,  and  is  now  recognized  as 
including  friendly  and  intelligent  co-operation 
between  smoke  inspectors  and  plant  owners. 
Instruction  and  advice  are  freely  interchanged. 

"The  personnel  of  the  department  is  of  great 
importance,  as  the  suppression  of  smoke  is  in 
reality  an  engineering  problem  of  no  small  mag- 
nitude. The  work  of  collecting  data,  ordering 
changes,  supervising  new  work  and  giving  in- 
structions, requires  a  man  of  technical  training. 
He  should  be  competent  to  conduct  tests  and  to 
make  analyses,  be  of  wide  practical  experience, 
diplomatic  to  a  degree,  and  of  unimpeachable 
integrity.  His  title  should  be  that  of  engineer 
and  his  position  must  be  one  of  dignity.  Such  a 
man  can  command  an  ample  salary  and  a  corre- 
sponding one  should  be  attached  to  his  municipal 
position.  Under  him  should  be  a  fireman  familiar 
with  the  care  and  operation  of  the  various  smoke 
preventing  devices  in  use.  "  t 

In  a  few  cities  where  less  attention  is  given  to 
the  punishment  of  violators  of  the  smoke  abate- 
ment ordinance  than  to  instruction  in  the  proper 
management  of  furnaces,  the  method  ordinarily 
pursued  is  described  by  one  writer  as  follows: 
"When  it  is  observed  that  a  stack  is  emitting  an 
undue  amount  of  smoke,  the  inspector  immedi- 
ately calls  on  the  offending  party  to  ascertain  the 
conditions  under  which  the  law  is  being  violated 
and  the  cause  of  the  smoke.  If  the  trouble  is 
found  to  be  due  to  some  disarrangement  or 
mishap,  a  reasonable  time  is  allowed  for  repairs. 
If  it  is  found  that  repairs  are  not  needed,  the 

tR.  P.  King,  "Municipal  Control  of  Smoke."     Engineering  News, Vol.  54. 
1905. 
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inspector  studies  the  conditions  and  advises  the 
parties  how  to  avoid  the  continuance  of  the 
difficulties;  then,  if  there  is  no  improvement, 
legal  proceedings  are  taken  and  the  desired  result 
is  obtained.  As  to  the  means  of  getting  smoke 
preventing  devices  into  use,  the  inspector  informs 
owners  or  occupants  of  buildings,  after  carefully 
studying  conditions  in  the  plants,  as  to  the  par- 
ticular appliance  best  suited  to  their  needs,  and 
suggests  a  conference  with  users  to  enable  them 
to  form  their  own  opinion."  This  seems  to 
represent  fairly  well  the  educational  plan  of 
smoke  inspection. 

101.17    Enforcement  of  the  Ordinances :     The 

legal  procedure  in  connection  with  violations  of 
the  smoke  ordinances  has  usually  been  about  as 
follows:  When  a  violation  has  been  noted,  warn- 
ings have  been  sent  to  the  offender.  If  no 
attention  has  been  paid  to  the  warnings,  sum- 
monses have  been  issued  and  the  case  has  been 
taken  into  court  for  the  purpose  of  assessing  fines. 
An  objection  to  the  issuance  of  notices  has  been 
found  in  the  fact  that  offenders  often  claim  exemp- 
tion on  the  ground  of  not  having  received  the 
notification.  Reports  from  British  towns  in  1910 
show  that,  compared  with  the  number  of  warnings 
issued,  the  number  of  summonses  was  small  and 
the  number  of  fines  still  smaller.  In  many  cases 
the  amount  of  the  fine  was  small,  the  average  being 
less  than  two  pounds  ($10.00).  In  America,  even 
when  smoke  inspectors  have  done  their  utmost  to 
secure  a  conviction,  the  courts  have  often  prac- 
tically nullified  their  efforts  by  assessing  very 
small  fines  or  by  remitting  them  altogether.  In 
a  few  American  cities,  however,  fines  have  of  late 
years  been  used  effectively  in  securing  results 
regarded  as  impossible  by  other  means.  In  Ger- 
many the  opposition  to  legal  procedure  is  out- 
spoken. In  Paris,  France,  the  number  of  legal 
processes  amounted  to  144  in  n  years  or  an 
average  of  about  13  a  year. 

The  work  of  a  well  organized  smoke  depart- 
ment in  one  of  the  cities  of  the  Middle  West  is 
shown  in  the  following  record:* 

Number  of  smoke  charts  made 

Number  of  photographs  taken 

Number  of  written  warnings 

Number  of  letters  written 

Number  of  letters  received    ........ 

Number  of  complaints  received 


82 
400 

96 
236 
245 

59 


*  Annual  Report  of  the  Smoke  Inspector.  City  of  Milwaukee,  Wis..  for  the 
year  1912. 


Number  of  cases  dismissed o 

Number  of  sentences  suspended  on  payment  of  costs  14 

Number  of  cases  in  court  fined  $25  and  costs  .  41 

Number  of  cases  in  court  fined  $50  and  costs  .  5 

Number  of  cases  in  court,  ad  offense,  1912  .  6 

Number  of  cases  in  court,  3d  offense,  1912  .  2 

Total  number  of  cases  in  court  ....  .  60 

Total  amount  of  fines  imposed  ....  .     $1,275.00 

Total  cases  in  protected  zone  outside  city  .  14 

Observations  made  on  chimneys  and  stacks  .  1 ,452 

Total  installations 54 

Jones  underfeed  stokers       .      .,     .      .    .        -12 

Murphy  stokers        2 

Chain  or  traveling  grate      ....  10 

Swift  stokers 4 

Erie  stokers 4 

Hawley  down-draft 2 

Miscellaneous  (arches,  jets,  etc.)    ....   20 

Chimneys  and  stacks  rebuilt "  . 

Total  paid  in  salaries  (smoke  inspector,  two  deputies 

and  one  clerk  photographer) $5.243  •  7° 

101.18  The  Enlightenment  of  the  Public:  It 
has  been  generally  recognized  that  success  in 
smoke  abatement  is  dependent  upon  proper  en- 
lightenment of  the  public  both  in  order  to  secure 
the  enactment  of  reasonable  and  effective  laws 
and  to  obtain  the  public's  endorsement  and  sup- 
port of  a  reasonable  interpretation  and  enforce- 
ment of  such  laws.  This  process  seems  now  to 
be  going  on  with  encouraging  rapidity.  Many 
agencies  are  contributing  to  it.  Select  commit- 
tees or  commissions  of  experts  in  law,  medicine, 
chemistry  and  mechanics  have  given  it  their 
attention.  Men  of  affairs  have  taken  part  in 
movements  designed  to  further  develop  the  prob- 
lem. Frequent  conferences  have  been  held  and 
their  proceedings  printed.  Many  investigators 
and  students  have  lectured  and  written  on  the 
subject,  and  numerous  popular  books  and  articles 
have  been  devoted  to  it. 

The  necessity  for  specific  instruction  of  owners 
and  managers  of  plants  has  also  been  recognized. 
It  has  been  shown  that  constructive  co-operation 
and  intelligent  instruction,  both  as  to  the  incon- 
venience and  injury  a  community  suffers  from 
smoke  and  as  to  the  means  by  which  smoke  may 
be  prevented,  yield  gratifying  results.  Important 
agencies  devoting  attention  to  technical  instruc- 
tion include  organized  societies,  lectureships  and 
special  schools.  These  exist  in  many  cities, 
especially  in  those  of  Germany.  The  object  of 
these  agencies  is  not  merely  to  collect  and  dis- 
seminate correct  information  relating  to  all  phases 
of  the  smoke  question,  but  more  specifically  to 
give  instruction  to  managers  of  plants  as  well  as 
to  engineers  and  firemen  with  regard  to  the 
various  means  which  have  been  found  effective  in 
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reducing  smoke.  A  special  periodical  devoted  to 
dust  and  smoke  (Ranch  und  Staub)  has  been 
published  in  Germany  since  1910. 

British  commissions  instituted  investigations 
and  submitted  valuable  recommendations  in  re- 
ports published  in  1843,  1845,  1846  and  1855 
respectively.  In  1881,  1882,  1895,  1902,  1904, 
1905, 1911  and  1912  British  committees  conducted 
series  of  tests  and  held  exhibitions  and  con- 
ferences the  proceedings  of  which  were  made 
public.  From  1894  to  1897  and  from  1901  to 
1905  commissions  were  at  work  in  Paris,  and  the 
reports  of  the  Department  of  Public  Inspection 
show  that  the  findings  of  these  commissions  have 
been  constantly  appealed  to  as  important  aids 
in  municipal  smoke  prevention.  The  United 
States  Government  has  tested  fuels  and  furnaces 
at  St.  Louis,  at  Pittsburgh  and  at  Norfolk  with 
special  reference  to  the  smokeless  combustion 
of  coal,  and  has  published  numerous  bulletins 
setting  forth  the  results  of  its  work.*  At  the 
University  of  Illinois  fuel  tests  have  been  made. 
The  Pennsylvania  Railroad,  in  1904  at  the  Louisi- 
ana Purchase  Exposition  at  St.  Louis,  made  an 
extended  series  of  locomotive  tests  which  were 
of  unusual  value  in  establishing  fundamental 
facts  with  reference  to  combustion  in  locomotive 
service.  Similar  tests  have  been  made  at  Purdue 
University  and  elsewhere. 

In  London,  Leeds,  Manchester,  Glasgow,  Ham- 
burg, Konigsberg,  Dresden,  Berlin,  Paris,  Cleve- 
land, Chicago  and  other  cities,  technical  experts 
have  investigated  and  reported  upon  atmospheric 
pollution  and  its  effects.  In  many  German  cities, 
schools  of  stoking  have  long  existed,  and  in  others 
practical  stoking  societies  directed  by  experts 
have  been  doing  efficient  work.  The  Hamburg 
society,  founded  in  1902,  is  perhaps  the  most 
important  of  these  organizations. 

Of  the  numerous  general  societies  for  the  study 
of  smoke  abatement,  the  London  Coal  Smoke 
Abatement  Society,  which  has  been  at  work  since 
1898,  is  prominent.  There  are  also  important 
societies  of  similar  character  in  Leeds,  Sheffield, 
Glasgow  and  Manchester.  The  Smoke  Abate- 
ment League  of  Great  Britain,  established  within 
the  past  decade,  gives  promise  of  accomplishing 
important  results. 


In  America  there  have  been  conferences  such 
as  that  held  at  the  Franklin  Institute,  Philadel- 
phia, in  1897,  a  full  report  of  which  was  published 
in  the  Journal  of  the  Institute.  Of  special  im- 
portance at  the  present  time  are  the  extensive 
investigations  undertaken  by  the  Mellon  In- 
stitute of  the  University  of  Pittsburgh  aided  by 
some  thirty  or  more  experts,  including  archi- 
tects, bacteriologists,  botanists,  chemists,  engi- 
neers, meteorologists,  physicians,  physicists  and 
psychologists. 

It  is  evident  from  a  survey  of  the  preceding 
paragraphs  that  a  vast  amount  of  attention  is 
being  devoted  to  the  subject  of  smoke  abate- 
ment, and  that  efforts  are  being  made  to  keep  the 
public  well  informed  with  regard  to  it. 

101.19  Fuels:  The  abatement  of  visible 
smoke  may  be  brought  about  either  by  the 
selection  of  smokeless  fuels  or  by  the  use,  under 
properly  controlled  conditions,  of  fuels  which  nor- 
mally produce  a  considerable  amount  of  smoke. 
The  choice  of  fuels  is,  of  course,  dependent  upon 
natural  conditions.  It  must  be  borne  in  mind, 
however,  that  the  terms  "smoky"  and  "smokeless" 
as  applied  to  fuels  are  commonly  used  with  refer- 
ence only  to  the  visible  constituents  of  smoke. 
If  the  invisible  constituents  are  also  considered, 
there  are  no  solid  fuels  that  are  entirely  smokeless, 
for  there  are  no  solid  fuels  of  which  the  products 
of  combustion  are  entirely  free  from  dust  or  soot. 

The  fuels  commonly  called  smokeless  include 
anthracite,  coke  and  the  various  forms  of  gaseous 
fuels.  The  principal  smoky  fuels  are  bituminous 
coals  and  lignites. 

Statistics  relating  to  fuel  production  in  the 
United  States,  Great  Britain  and  Germany  show 
that  the  total  production  in  1912  of  the  principal 
fuels  was  as  follows :  t 

FUEL  PRODUCTION  IN  1912 


Kind 

United  States 

Great  Britain 

Germany 

Total  coal  production  (tons; 
Bituminous  (tons)  

534,466,580 
450,104,982 

291,666,299 

285,974,649 

Anthracite  (tons)  

84361,598 

Petroleum  (bbls.,42  gals.)  . 

222,113,218 

995,764 

Coal  briquettes  (tons)  .  .  . 

220,064 

Coke  (tons)    

43,983,599 

Bituminous  coal  is  found  very  widely  dis- 
tributed throughout  the  world.  Its  abundance 
makes  it  of  first  importance,  notwithstanding 
its  large  content  of  volatile,  smoke  producing 
materials.  The  variation  in  the  composition  of 


•Reports  of  the  United -States  Geological  Survey  and  of  the  Bureau  of  Mines.  t  Government  Report  on  the  Mineral  Resources  of  the  United  States  for  1012. 
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Illinois  bituminous  coal  as  shown  by  an  extended 
series  of  analyses*  is  as  follows: 

PER  CENT 

Fixed  carbon 26 . 3  to  66 . 5 

Volatile  matter 24.5  "  57.1 

Moisture 1.4  "   14.5 

Sulphur o.o  "     4.4 

Ash 2.7  "  35.0 

Lignite  and  brown  coal  are  very  similar  to 
bituminous  coal.  On  the  continent  of  Europe, 
especially  in  central  Germany,  they  constitute 
the  most  important  fuel  supply;  in  the  United 
States  they  are  abundant  in  certain  regions, 
particularly  in  the  Northwest,  but  they  have  not 
yet  come  into  extensive  use.  In  the  future  they 
will  probably  become  important  local  sources  of 
supply.  Reports  from  the  German  cities  of  Halle 
and  Quedlinburg,  in  which  lignite  and  brown 
coal  are  chiefly  used,  indicate  that  they  burn 
without  excessive  carbonaceous  smoke  but  pro- 
duce a  dust  nuisance  as  annoying  as  the  smoke 
nuisance.  In  Dresden,  where  lignite  is  burned, 
soot  is  troublesome. 

Anthracite  is  found  in  only  a  few  parts  of  the 
world  and  in  comparatively  limited  areas.  This 
fact,  together  with  the  great  demand  for  it  as  a 
"smokeless"  fuel,  has  established  a  price  which 
prohibits  its  use  in  many  parts  of  the  world. 
Aside  from  this,  however,  it  is  not  satisfactory  as 
a  fuel  in  cases  in  which  great  and  sudden  increases 
in  the  amount  of  heat  to  be  supplied  are  necessary. 
Its  use  is  therefore  confined  mainly  to  furnaces 
in  which  an  equable  and  continuous  heat  is  desired. 
"Coal  containing  much  gas  is,  in  general,  of  in- 
comparably greater  value  in  the  industries  than 
coal  containing  little  gas.  "t 

Coke  is  not  well  suited  to  the  furnaces  of 
steam  boilers.  Like  anthracite,  it  is  lacking  in 
combustible  gases  and  is  incapable  of  responding 
to  rapid  changes  in  the  demand  for  heat.  Its 
use  under  boilers  is  increasing,  however,  in  vari- 
ous cities  of  the  United  States,  and  also  in  Eng- 
land and  in  Germany. 

Other  natural  and  prepared  fuels  including 
coalite,  briquettes,  powdered  coal,  oils,  natural 
gas  and  manufactured  gases  have  been  used 

•Kent.  "Steam  Boiler  Economy,"  p.  73,  New  York,  1908. 

tF.  Haier,  "Die  Beziehungen  zwischen  der  Rauchentwicklung  und  der 
Ausnutzung  der  Brennstoffe,  und  die  Mittel  und  Wege  zur  Rauchverminder- 
ung  im  Peuerungsbetrieb."  (The  Relation  between  the  Development  of  Smoke 
and  the  Utilization  of  Fuel,  and  Ways  and  Means  of  Abating  Smoke  in  the 
Working  of  Furnaces.)  Zeitschrift  des  Vereines  Deutscher  Ingenieure,  Vol. 
49  1905. 


locally  or  for  special  purposes  in  many  parts  of 
the  world.  Most  of  these  special  fuels  may  be 
burned  with  a  minimum  production  of  visible 
smoke.  The  use  of  such  fuels  is  limited,  however, 
by  the  supply  or  by  the  present  cost  of  produc- 
tion, and  until  these  conditions  may  change  they 
cannot  be  relied  upon  as  important  factors  in 
smoke  abatement. 

101.20  Conclusions  with  Reference  to  Meth- 
ods and  Regulations  Employed  to  Abate  Smoke : 
The  preceding  review  of  the  methods  and  regula- 
tions employed  to  secure  an  abatement  of  smoke 
reflects  a  world  movement   and  presents  many 
facts,  among  which  the  following  are  noteworthy : 

1.  A    common    defect    in    smoke    abatement 
ordinances  has  appeared  in  the  fact  that  they 
have  not  been  based  upon  a  full  understanding 
of  the  difficulties  of  the  problem  they  have  sought 
to  solve,  and  where  this  has  been  the  case  the 
ordinance  has  proved  an  insufficient  instrument. 

2.  It  has  been  shown  conclusively  that  legal 
prohibition  against  smoke  production  does  not 
in   itself    serve   to    secure    satisfactory    results. 
When  prohibition  has  been  accompanied  by  a 
campaign   for  intelligent   furnace   construction, 
by  measures  designed  to  educate  owners,   en- 
gineers and  firemen,  and  by  effective  inspection, 
it  has  proved  an  instrumentality  of  high  value. 

3.  Even   where. legal   prohibition  is  lacking, 
experience  indicates   that  noteworthy  progress 
may  be  made  as  a  result  of  movements  for  the 
education  and  enlightenment  of  all  who  are  in 
any  way  concerned  with  the  utilization  of  fuel. 

/ 

PHYSICAL,    MECHANICAL   AND   CHEMICAL 
MEANS  OF  ABATING  SMOKE 

101.21  General  Means  Employed:     Progress 
in  smoke  abatement  throughout  the  world,  as 
revealed  by  a  study  of  the  literature,  has  marked 
the  application  of  many  different  methods  to  the 
solution  of  the  problem.     A  review  of  the  dis- 
cussions and  an  account  of  the  more  important 
work  accomplished,  follows. 

101.22  The  Removal  of  Sources  of  Smoke 
from   Cities:     The   removal   of   all   smoke   pro- 
ducers to  points  outside  the  limits  of  cities  was 
one  of  the  earliest  means  of  smoke  abatement 
proposed,    and    though    it    appears    particularly 
drastic,  it  is  still  sometimes  advocated.     Natur- 
ally, such  a  proposal  always  arouses  opposition 
and  has  seldom,  if  ever,  been  literally  adopted. 
In   Paris,    Berlin   and   other  foreign  cities,   the 
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bakeries  and  other  small  industries  have  been 
responsible  for  creating  a  smoke  nuisance  which 
has  aroused  a  marked  public  sentiment  demanding 
their  removal,  at  least  from  residential  districts. 
In  a  report  of  the  city  smoke  inspector  of  St. 
Louis,  it  is  recommended  that  brick  kilns  and 
other  objectionable  smoke  producing  industries 
be  located,  in  the  future,  outside  the  city  limits. 
In  the  District  of  Columbia,  the  establishment  of 
railroad  freight  yards  outside  the  limits  of  the  city 
of  Washington  has  been  demanded  and  secured. 
Obviously,  such  measures  are  in  the  nature  of 
makeshifts;  they  do  not  attack  the  fundamental 
problem  of  smoke  abatement.  The  mere  removal 
of  certain  smoke  producers  to  points  outside  the 
city  limits  is  not  in  itself  sufficient  to  give  the 
relief  desired.  Unless  the  distance  to  which  they 
are  moved  is  considerable  the  effect  produced 
is  slight.  Only  at  times  when  the  direction  of 
the  wind  may  be  such  as  to  place  the  sources  of 
smoke  to  the  leeward  of  the  city,  does  the  element 
of  removal  really  become  effective.  The  com- 
plete removal  of  smoke  producing  industries  from 
cities  has  not  often  been  advocated. 

101.23  Smoke  Drains:    The  employment  of 
smoke  drains   or   sewers    was   one   of  the  early 
remedies  proposed  for  the  smoke  nuisance  and 
this  remedy  has  also  been  suggested  in  recent 
years.     The  plan  contemplates  the  use  of  large 
and  tall  chimneys,   centrally  located,   to  which 
smoke  drains  leading  from  adjacent  fuel  consum- 
ing plants  may  be  connected.     It  has  been  stated 
that  such  an  arrangement,  if  properly  designed, 
would  result  in  the  discharge  of  smoke  into  the 
atmosphere  at  such  height  that  it  would  be  carried 
beyond  the  limits  of  the  thickly  populated  dis- 
tricts before  being  finally  condensed  and  deposited. 
The  records  do  not  indicate  that  such  a  system 
has  anywhere  been  put  into  extensive  operation. 
Its  possible  results  are  largely  speculative. 

101.24  Central   Heating   and   Power  Plants: 

The  abatement  of  smoke  by  -.means  of  central 
heating  and  power  plants  involves  a  practice 
whjch  is  well  understood  in  the  United  States, 
where  "there  is,  at  present,  a  general  tendency  to 
centralize  power,  heating  and  gas  plants.  .  .  . 
There  are  now  more  than  150  central  heating 
plants  in  the  United  States  furnishing  steam  and 
hot  water  to  residences  or  business  buildings  or 


both.  The  greater  number  are  located  in  coal 
producing  states.  They  can  be  operated  without 
smoke  under  favorable  conditions.  "  *  According 
to  many  writers  the  amount  of  coal  consumed  by 
central  plants  with  practically  no  visible  smoke 
would,  if  burned  in  domestic  fireplaces  or  in 
furnaces  of  small  industries,  give  rise  to  large 
volumes  of  such  smoke.  It  has  been  suggested 
also  that  central  plants  may  be  located  at  some 
distance  from  residential  districts  or  even  entirely 
outside  of  cities. 

101 .25  Smoke  Washing  Devices :  Smoke  wash- 
ing was  early  suggested  as  a  means  in  smoke 
abatement,  t  An  experiment  in  smoke  washing, 
considered  of  sufficient  importance  to  be  brought 
to  the  attention  of  one  of  the  sections  of  the  British 
Association  for  the  Advancement  of  Science,  has 
been  in  progress  for  a  number  of  years  in  con- 
nection with  industrial  plants  at  York,  England. 
The  adoption  of  the  washer  was  a  result  of  the 
fact  that  the  only  fuel  available  at  reasonable 
cost  was  a  very  dusty  one,  whereas  the  proprietors 
of  the  establishments  concerned  (cocoa  works) 
were  especially  desirous  of  having  model  factories 
entirely  free  from  dust  and  smoke.  "The  first 
section  of  the  smoke  washer  (a  chamber  37  feet 
long,  14  feet,  6  inches,  wide,  17  feet  high)  consti- 
tutes a  resting  and  saturating  chamber  in  which 
the  velocity  of  the  gas  is  greatly  diminished  and 
in  which  a  large  amount  of  water  vapor  is  taken 
up.  Here  most  of  the  heavy  grit  is  deposited. 
The  gas  is  then  chilled  and  washed  in  succeeding 
sections,  causing  the  deposition  of  the  lighter 
fumes  and  smoke.  This  deposition  is  greatly 
assisted  by  the  condensation  of  part  of  the  water 
vapor  taken  up  in  the  first  section.  ...  A 
comparative  set  of  experiments  upon  the  washed 
and  unwashed  gases  showed  that  the  whole  of 
the  grit  and  dust  and  practically  the  whole  of  the 
solids  in  smoke  and  the  sulphur  acids  are  removed 
in  the  washer.  The  amount  of  grit  collected  was 
about  1600  pounds  per  24  hours  or,  considered  as 
dry  material,  was  equivalent  to  1.5  per  cent  of 
the  fuel  burned.  .  .  .  Similar  smoke  wash- 
ers might  be  adopted  with  great  benefit  to  the 
neighborhood  by  many  large  factories  and  gen- 
erating stations  and  could  be  run  at  a  moderate 

*D.  T.  Randall,  "The  Smoke  Problem  at  Boiler  Plants  —  A  Preliminary 
Report."  United  States  Bureau  of  Mines.  Bulletin  30,  1912. 

t  See  some  of  the  early  numbers  of  the  Mechanics'  Magazine,  three-quarters 
of  a  century  ago. 
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expenditure  wherever  a  cheap  and  plentiful  sup- 
ply of  water  is  available."* 

In  May,  1909,  the  Chicago  &  North  Western 
Railway  installed  in  one  of  its  roundhouses  in 
Chicago  apparatus  for  producing  mechanical 
draft  to  exhaust  the  smoke  from  the  smoke- jacks 
into  a  large  conduit,  thence  through  an  exhaust 
fan  into  a  large  washing  chamber  in  which  the  vol- 
ume of  smoke  passed  through  sprays  and  sheets 
of  water.  In  this  manner,  the  greater  portions  of 
the  carbonaceous  materials  and  dust  were  pre- 
cipitated, and  the  cleansed  gaseous  products  of 
combustion  were  allowed  to  escape  into  the  at- 
mosphere. The  emissions,  after  passing  through 
the  washing  chamber,  presented  a  light  gray 
appearance  somewhat  resembling  that  of  steam. 
The  device  proved  very  satisfactory  except  for  the 
fact  that  the  iron  work  used  in  its  construction 
soon  became  affected  by  the  corrosive  action  of 
the  sulphuric  acid  in  the  stream  of  gases.  Devices 
of  similar  design,  but  constructed  of  concrete, 
transite  asbestos  board  and  other  materials  not 
subject  to  the  action  of  corrosive  gases  or  acids, 
have  since  been  installed,  t 

A  notable  recent  installation  is  that  of  the 
Lake  Shore  &  Michigan  Southern  Railway  at 
the  Englewood  Terminal  of  that  road  in  Chicago. 
The  smoke  collecting  and  washing  system  of  the 
plant  is  reported  t  to  be  so  far  perfected  that 
its  operation  enables  the  road  fully  to  meet  the 
requirements  of  the  smoke  abatement  ordinance 
of  the  city.  The  smoke  is  made  to  pass  under 
an  inclined  apron,  the  lower  edge  of  which  ap- 
proaches the  surface  of  the  water.  A  film  of 
water  also  runs  down  over  the  apron  and  passes 
in  a  shower  from  its  lower  edge  to  the  water 
receptacle  below.  The  products  of  combustion, 
striking  the  inclined  apron,  are  deflected  down- 
ward toward  the  surface  of  the  water  and,  in 
passing  under  the  edge  of  the  apron,  they  pass 
through  a  descending  shower  of  water.  Many  of 
the  larger  particles  are  projected  into  the  water 
before  the  shower  is  reached  and  those  that  remain 
are  carried  downward  by  the  shower.  A  jet  of 
steam  is  introduced  just  before  the  smoke  comes 
in  contact  with  the  water.  The  resistance  offered 
the  products  of  combustion  in  passing  under  the 

*J.  B.  C.  Kershaw,  "Washing  Dust  and  Smoke  from  Chimney  Gases  at 
York.  England."  Engineering  News.  Vol.  6s.  No.  9.  p.  255.  IS"- 

t  Report  of  the  Department  of  Smoke  Inspection.  City  of  Chicago, 
February,  1912. 

J  Railway  Review,  Chicago,  Feb.   14,  1914. 


apron  and  through  the  shower  tends  to  impede 
their  movement,  and  the  cooling  effects  to  which 
they  are  exposed  tend  to  suppress  the  draft 
action  arising  from  the  chimney.  Losses  thus 
sustained  are  made  good  by  the  introduction  of 
a  fan.  Another  smoke  washing  device,  known 
as  a  "cinder  catcher,"  operated  by  the  New 
York  Edison  Company  in  New  York,  is  said  to 
remove  95  per  cent  of  the  solid  matter  from 
the  stack  gases.  IF 

These  descriptions  will  serve  to  indicate  the 
state  of  the  art  of  smoke  washing'  as  set  forth 
in  technical  literature.  The  possibilities  of  the 
process  have  long  been  understood;  its  appli- 
cation has  been  retarded  by  difficulties  encount- 
ered in  maintaining  the  plant  in  the  presence  of 
the  corrosive  acids  developed  by  the  process,  and 
by  operating  costs  arising  from  the  consumption 
of  water  and  power  (see  chapter  115). 

101.26  Electric  Condensation  and  Deposition 
of  Smoke  Particles:  The  condensation  and  dep- 
osition of  the  particles  of  smoke  by  means  of 
electricity  was  suggested  as  early  as  1886,  by 
Prof.  Oliver  Lodge  of  the  University  of  Birming- 
ham, England.  Recently  the  suggestion  has 
been  put  into  practice  as  a  means  of  collecting 
dust  discharged  from  the  stacks  of  smelters  and 
cement  works.  In  special  instances  where  the 
ordinary  methods  of  smoke  prevention  are  found 
particularly  difficult  of  application,  "electrical 
precipitation  may  eventually  be  found  of  use, 
for  experiments  show  that  it  acts  upon  ordinary 
smoke  in  essentially  the  same  manner  as  upon 
the  fumes  and  dust  of  smelters  and  cement 
works.  "§  The  New  York  Edison  Company  has 
experimented  with  the  process  as  a  means  for  the 
suppression  of  fuel  dust  and  ash  from  the  stack 
of  one  of  its  stations.  The  process  involves  the 
passing  of  the  smoke  through  a  metal  grating,  or 
a  series  of  such  gratings,  which  are  energized 
electrically.  Approaching  soot  or  dust  particles, 
responding  to  electrical  influences  thus  set  up, 
attach  themselves  to  the  grating  as  do  metallic 
particles  to  a  magnet.  The  grating  is  cleaned  by 
interrupting  the  current  (see  chapter  115). 

H  For  a  description  of  this  device,  see  section  115.05. 

$F.  G.  Cottrell.  "The  Electrical  Precipitation  of  Suspended  Particles." 
Journal  of  Industrial  and  Engineering  Chemistry,  Vol.  3,  No.  8.  1911.  See 
also  &  paper  entitled.  "The  Theoretical  and  Experimental  Consideration  of 
Electrical  Precipitation,"  by  A.  F.  Nesbit,  and  a  paper  entitled.  "Practical 
Application  of  Electrical  Precipitation  and  Progress  of  the  Research  Corpora- 
tion," by  Linn  Bradley,  both  presented  at  the  third  Midwinter  Convention  of 
the  American  Institute  of  Electrical  Engineers,  New  York.  February  19.  1915. 
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101.27    Increased  Use  of  Gas  and  Electricity: 

The  literature  reviewed  shows  that  the  use  of 
appliances  for  burning  gas  and  for  utilizing  elec- 
tricity for  heating,  cooking  and  power  purposes 
as  a  substitute  for  solid  fuels  has  of  late  years 
increased.  The  following  figures  show  the  exten- 
sive use  of  gas  stoves  in  London: 


Ordinary  . 
Slot-meter 

Totals   . 

NUMBER   OF 
CONSUMERS 
•       385,578        . 
•       448,690        . 

NUMBER    OF 
COOKING    STOVES 

.        .       192,915        •        • 

•      •     354,493      •      • 

PER  CENT 
.  .  50 

•  •  79 

•       834,268        . 

.    .    547,408     .    . 

.  .  65 

"Within  the  last  ten  or  twelve  years,  by  the 
introduction  of  the  penny-in-the-slot  meter,  al- 
most all  of  the  wage-earning  citizens  of  London 
have  been  supplied  with  gas,  whereas  previously 
not  one  in  a  hundred  used  gas.  .  .  .  The  de- 
mand for  gas  cookers  is  still  maintained,  the  three 
companies  supplying  not  less  than  700  to  800  a 
week.  "  This  means  presumably  the  elimination 
of  a  corresponding  number  of  smoky  coal  fires. 
In  1910  the  number  of  gas  stoves  and  other 
heating  and  cooking  appliances  supplied  by  the 
principal  London  gas  companies  exceeded  1,300,- 
ooo.  In  Glasgow  the  use  of  gas  appliances  is 
directly  encouraged  by  the  City  Corporation, 
which,  between  March  and  September,  1912, 
loaned  free  to  consumers  as  many  as  36,000 
cookers.  In  1910,  30  or  more  of  55  British  towns 
that  reported,  rented  gas  cookers  to  consumers. 

In  Chicago  the  use  of  gas  as  a  substitute  for 
solid  fuels  has  increased  rapidly  in  recent  years. 
Gas  is  chiefly  used  for  domestic  cooking.  The 
number  of  gas  stoves  in  use  is  estimated  to  be  in  the 
neighborhood  of  400,000.  Gas  is  extensively  used 
also  in  bakeries  and  in  various  incidental  services. 

The  use  of  gas  in  power  plants  has  become 
extensive.  The  number  of  plants  operated  by 
producer  gas  during  the  last  decade  has  increased 
materially.  In  England,  the  number  of  producer 
gas  plants  has  become  so  large  as  to  cause  an 
advance  in  the  price  of  anthracite,  from  which  the 
greater  portion  of  the  producer  gas  in  England  is 
generated,  t  In  Germany,  engines  to  run  on  pro- 
ducer gas  are  built  for  many  different  purposes. 

Many  writers  show  that,  for  a  number  of  pur- 
poses, electricity  serves  as  a  smoke  preventive. 


In  England,  it  is  stated,  electric  power  is  utilized 
in  most  of  the  textile  factories.  In  printing 
works  it  is  especially  valuable,  and  it  is  fast  be- 
coming indispensable  in  great  engineering  work- 
shops, t  In  flour  mills,  bakeries,  saw  mills,  wood- 
working shops,  laundries,  cement  works,  paint 
mills,  butter  factories,  breweries,  paper  mills  and 
foundries,  electricity  is  also  said  to  be  extensively 
used.  A  phenomenal  development  in  the  uses 
of  electricity  has  also  taken  place  in  the  United 
States  within  the  last  decade.  In  no  city  has 
this  development  been  more  significant  than  in 
Chicago,  where  electric  energy  for  all  purposes, 
municipal,  transportation,  industrial  and  domes- 
tic, is  now  supplied  by  a  single  corporation.  The 
union,  into  a  single  system,  of  classes  of  service 
which  in  many  other  cities  are  segregated  gives 
Chicago  many  advantages.  Power  which  might 
be  developed  in  a  number  of  small  plants  is 
developed  in  a  few  large  plants  made  up  of  units 
of  the  largest  size  and  highest  efficiency.  Energy 
for  all  purposes  is  delivered  by  a  single  distrib- 
uting system.  The  load  factor  of  the  generating 
stations  and  of  the  distributing  system  profit  by 
the  diversity  of  service  rendered.  These  are  all 
conditions  which  make  for  efficient  service. 

The  effect  of  extending  the  use  of  electricity  as 
a  means  in  smoke  abatement  is  an  indirect  one. 
Except  where  water  power  is  available,  electric 
energy  is  normally  the  product  of  steam  power. 
Outside  of  a  limited  amount  of  electric  energy 
which  is  generated  and  distributed  by  the  Sani- 
tary District  of  Chicago,  all  electricity  used  in 
Chicago  is  of  steam  origin.  The  generation  of 
electricity  sustains  a  great  fuel  consuming  indus- 
try. Disregarding  all  questions  of  relative  effi- 
ciency, coal  which  under  other  circumstances 
would  be  required  to  sustain  many  small  fires, 
is  under  electrification  consumed  by  a  few  large 
fires.  The  gain  in  the  abatement  of  smoke  is  in 
the  concentration  of  effort.  The  larger  establish- 
ment can  be  more  efficiently  conducted  than  can 
many  small  ones  and  the  discharge  of  visible 
smoke  from  the  large  plant  will  be  less  and  the 
solid  constituents  of  the  smoke  less  sooty  and 
oily  and  consequently  less  objectionable  than 
those  discharged  from  many  small  fires. 
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101.28  Methods  for  Effecting  an  Improve- 
ment in  Combustion:  Since  the  world's  availa- 
ble supply  of  bituminous  or  smoky  coals  is  much 
greater  than  that  of  the  so-called  smokeless  fuels, 
it  is  evident  at  once  that  any  satisfactory  solution 
of  the  smoke  problem  must  effect  the  reduction 
to  a  minimum  of  the  smoke  arising  from  the 
combustion  of  bituminous  coal.  This  in  turn 
depends  chiefly  upon  the  proper  construction, 
installation  and  management  of  the  furnaces  in 
which  such  coals  are  to  be  used. 

In  much  of  the  literature  relating  to  the  pro- 
duction of  smoke  from  bituminous  coals  a  dis- 
tinction is  made  (i)  between  furnaces  of  steam 
boilers  and  other  furnaces,  (2)  between  furnaces 
which  are  hand-fired  and  furnaces  which  are  fired 
by  means  of  mechanical  stokers,  and  (3)  between 
furnaces  with  auxiliary  smoke  appliances  and 
furnaces  not  equipped  with  such  appliances. 

In  general,  it  is  evident  that  greater  attention 
has  been  paid  to  steam  boiler  furnaces  than  to 
those  of  other  types.  Other  forms  include  metal- 
lurgical furnaces  and  those  used  for  brick  kilns, 
coke  ovens,  potteries,  bakeries,  breweries  and 
rendering  processes.  The  furnaces  of  private 
dwellings  also  are  recognized  as  constituting  a 
prolific  source  of  smoke,  but  the  means  and 
methods  of  smoke  prevention  for  such  furnaces 
seem  to  have  been  studied  with  much  less 
care  than  have  those  applying  to  steam  boiler 
and  other  industrial  furnaces. 

Smokeless  combustion  of  bituminous  coal,  as 
defined  by  present  practice,  involves  compliance 
with  certain  well  defined  principles,  the  more 
important  of  which  may  be  described  as  follows : 

1.  The  fresh  coal  should  be  introduced  into  the 
furnace  at  such  a  point  and  distributed  in  such 
manner  that  the  gases  distilled  from  it  will  be 
required  to  pass  over  the  incandescent  portions 
of  the  fire.     Observance  of  this  condition  exposes 
the  distillates  to  high  temperatures,  aids  in  their 
ignition  and  thereby  promotes  their  combustion. 
The  distillates,  if  not  thoroughly  burned,  are  pro- 
lific sources  of  smoke. 

2.  The  stream  of  gases  arising  from  the  fresh 
fuel  must  be  heated  as  quickly  as  practicable  and 
must  be  kept  at  a  high  temperature  until  the 
process  of  combustion  is  well  advanced.     The 
presence  of  a  fire-brick  arch  under  which  the  dis- 
tillates may  be  burned  is  an  aid  in  securing  this 
condition. 

3.  The  interposition  of  heat  absorbing  surfaces 
in  close  proximity  to  the  fresh  coal  or  the  burning 


distillates  tends  to  cool  the  gases,  to  suppress 
combustion  and  to  produce  smoke. 

4.  The  admission  of  air,  by  which  combustion 
is  stimulated,  should  be  provided  for  at  proper 
points  and  should  be  subject  to  careful  regulation. 

5.  The  proportions  of  the  furnace  should  be 
such  as  will  provide  an  ample  flamcway.     This 
condition  is  necessary  in  order  that  the  time 
occupied  by  the  gases  in  passing  through  the  fur- 
nace may  be  sufficient  to  permit  them  to  burn 
completely.     Where  the  length  of  the  furnace  is 
limited,  the  flameway  may  be  extended  by  the 
use  of  baffle  arches  which  require  the  gaseous 
stream  to  meander  through  the  furnace,   pro- 
ducing in  effect  an  elongation  of  the  flameway 
and  promoting  the  mixing  of  the  gases.     A  brick 
arch  in  .the  comparatively  small  furnace  of  a 
locomotive  serves  to  increase  the  length  of  the 
flameway,  promotes  the  intermixing  of  gases  and 
maintains  the  temperature  required  for  igniting 
the  gases. 

6.  Where  the  dimensions  of  the  furnace  are 
necessarily  restricted,  and  where  the  air  admitted 
cannot  be  perfectly  distributed,  the  use  of  small 
steam  jets  with  induced  air  discharged  into  the 
furnace  serves  to  promote  the  mixture  of  gases, 
and  by  so  doing,  to  improve  combustion.     The 
use  of  such  jets  with  induced  air  on  locomotive 
fire-boxes  is  known  to  be  of  material  service  in 
suppressing  visible  smoke. 

The  literature  of  the  subject  clearly  suggests 
the  possibility  of  smokeless  combustion  in  con- 
nection with  furnaces  which  are  hand-fired,  but 
the  practical  difficulties  to  be  overcome  in  securing 
such  a  result  are  always  recognized.  Good  hand- 
firing  implies  the  deposit  of  fresh  coal  at  a  point 
near  the  door  of  the  furnace,  where  it  must  re- 
main until  its  more  volatile  products  have  been 
distilled  away.  When  coal  thus  fired  has  become 
coked,  it  may  be  pushed  back  upon  the  incan- 
descent bed  and  a  new  supply  of  fresh  coal  de- 
posited in  its  place.  Good  results  may  be  expected 
from  a  furnace  properly  constructed,  when  fired  in 
this  way,  but  the  labor  of  firing  is  greater  than  that 
attending  a  less  careful  procedure.  Where  high 
rates  of  combustion  must  be  sustained,  the  Chicago 
Department  of  Smoke  Inspection  recommends 
what  is  known  as  the  "spotting"  method  of  firing, 
in  which  fuel  is  thrown  on  the  fire  without  spread- 
ing. By  this  process  the  heat  of  the  furnace 
cannot  penetrate  to  all  parts  of  the  fuel  at  once 
and  the  volatile  matter  is  driven  off  at  a  rate 
which  is  not  beyond  the  capacity  of  the  furnace 
to  consume.  A  device  attributed  to  the  cele- 
brated James  Watt,  and  therefore  one  of  the 
oldest  of  the  auxiliary  devices,  is  the  so-called 
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dead-plate.  This  device  consists  of  a  plate  with- 
out openings,  placed  on  a  level  with  the  grate  at 
the  mouth  of  the  furnace,  upon  which  coal  is 
deposited  for  distillation  before  being  pushed 
forward  upon  the  firebed.  This  constitutes  a 
coking  arrangement  and  is  regarded  with  gen- 
eral approval.  L.  P.  Breckenridge,  Director  of 
the  Engineering  Experiment  Station,  University 
of  Illinois,  says:*  "When  Illinois  coal  is  being 
burned  in  any  furnace,  it  is  essential  that  the 
volatile  products  of  combustion  should  be  uni- 
formly distilled  from  the  coal  and  mixed  with 
sufficient  air  at  high  temperature.  To  accom- 
plish this,  particularly  to  maintain  a  high  tem- 
perature, the  mingling  air  and  products  of  com- 
bustion must  be  kept  away  from  the  tubes  or 
plates  of  the  boiler,  which  are  comparatively  cool 
and  which  would,  therefore,  cool  the  gases  before 
complete  combustion  had  taken  place." 

To  obtain  entirely  satisfactory  results  from 
hand-fired  furnaces,  certain  recommendations  for 
the  guidance  of  firemen  are  laid  down  by  differ- 
ent authorities.  Among  these  are  the  following: 

1.  Fuel  should  be  supplied  to  the  fire  periodi- 
cally in  small  quantities.     "A  furnace  well  de- 
signed and  operated  will  burn  many  coals  with- 
out smoke  up  to  a  certain  number  of  pounds  per 
hour,  the  rate  varying  with  different  coals  de- 
pending on  their  chemical  composition.     If  more 
than  this  amount  is  burned,  the  efficiency  will 
decrease  and  smoke  will  be  made  owing  to  the  lack 
of  capacity  to  supply  air  and  mix  gases. "t  • 

2.  The   accepted  methods   of   supplying   coal 
.  to  hand-fired  furnaces  are  four  in  number,  as 

follows: 

a.  The  "spreading  or  sprinkling"  method; 
uniform  stoking  of  the  entire  surface  of  the 
grate. 

b.  The  "coking"  method;  covering  the 
front  part  of  the  grate  after  pushing  back 
the  glowing  coal. 

c.  The  "  ribbon  "  method ;  partially  covering 
the  surface  of  the  grate  by  stoking  the  entire 
length  of  the  grate  and  only  partially  covering 
the  sides,  or  by  stoking  one-half  of  the  grate 
surface. 

d.  The  "alternate"  method;  used  when  the 
grate  has  two  or  more  doors  through  which 
to  feed  the  fuel. 

The  first  method,  of  "spreading  or  sprinkling" 
the  coal  over  the  entire  grate,  has  the  advantage 
of  simplicity,  but  does  not  prevent  the  develop- 
ment of  smoke.  The  coal  scattered  lightly  over 

*  "How  to  Burn  Illinois  Coal  Without  Smoke."     University  of  Illinois  Engi- 
neering Experiment  Station.  Bulletin  No.  is,  1907. 

t  United  States  Geological  Survey,  Bulletin  373,  1912. 


the  entire  surface  is  distilled  almost  instantly. 
A  greater  amount  of  air  is  required  than  can  be 
supplied  through  the  grate.  Imperfect  combus- 
tion and  smoke  are  the  results.  The  conditions 
are  improved  with  frequent  and  light  stoking, 
but  this  is  not  possible  in  many  industries. 

The  second,  or  "coking"  method,  results  in  a 
slow  distillation  of  the  gases.  The  requirement  of 
air  increases  very  little  and  can  be  partially  or, 
under  certain  circumstances,  entirely  covered  by 
the  ordinary  supply.  As  the  bed  of  glowing  coal 
insures  the  high  temperature  of  the  combustion 
chamber,  an  improvement  in  regard  to  the  devel- 
opment of  smoke  can  be  attained  by  this  method. 
But  when  the  grate  is  forced  and  the  fuel  must 
be  burned  so  rapidly  that  there  is  not  sufficient 
time  for  the  gradual  distillation  of  the  coal,  this 
method  fails. 

By  the  third,  or  "ribbon"  method,  it  is  possi- 
ble for  the  fireman  to  restrict  the  development  of 
smoke  if  full  utilization  of  the  fuel  is  taken  inta 
consideration.  This  method  requires  great  skill 
and  constant  care  to  insure  combustion  that  is- 
economical. 

In  the  fourth,  or  "alternate  firing"  method, 
fuel  is  fired  alternately  on  different  portions  of  the 
grate.  When  fresh  coal  is  thrown  on  one  part 
the  other  remains  incandescent.  Naturally  the 
stoking  must  be  done  at  short  intervals.  An 
influence  is  exerted  on  the  development  of  smoke 
in  two  ways.  The  amount  of  smoke  after  stoking 
seems  less  because  it  is  more  evenly  divided  over 
a  given  period  of  time,  and  excess  air  can  enter 
the  combustion  chamber  through  the  incan- 
descent portion  of  the  layer  of  coal,  which  aids 
the  combustion  of  the  gases  distilled  on  the 
freshly  coked  surface  and  diminishes  the  devel- 
opment of  smoke.  Nicholson  says:i  "In  my 
opinion  (and  experience  has  proved  the  truth  of 
it)  the  most  sensible,  scientific  and  profitable 
system  of  firing  is  side  firing,  feeding  one  side  of 
the  furnace,  allowing  time  for  the  incandescent 
fire  on  the  other  side  to  consume  the  gases  before 
it  is  fired.  The  firings  must  also  be  light  and 
frequent,  then  there  will  be  no  preventable  smoke 
emitted,  less  coal  burnt,  and  more  work  got  out 
of  the  boilers."  As  to  the  question  of  the  proper 
thickness  of  the  firebed,  opinions  differ. 


J  "Smoke    Abatement." 
1903-04. 
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1 01.29  Mechanical  Stokers:  The  preceding 
statement  emphasizes  the  advantages  of  mechan- 
ical stokers  which  automatically  control  the  intro- 
duction of  fuel  into  the  furnace  in  a  manner  which 
conforms  to  the  requirements  for  smokeless  com- 
bustion, as  already  defined.  "It  is  clear,"  says 
Popplewell,*  "that  there  are  many  disadvan- 
tages in  feeding  boilers  by  hand,  both  as  regards 
economy  and  smokelessness.  The  [hand]  stoking 
must  of  necessity  be  intermittent,  and  conse- 
quently the  air  supply  must  also  be  intermittent 
and  variable.  If  this  air  supply  is  carelessly 
regulated,  smoke  will  be  given  off,  in  small  or 
large  quantities,  or  if  the  fire  doors  are  left  open 
too  long  or  any  other  air  supply  is  wrongly  timed, 
a  large  amount  of  waste  may  be  caused  in  heat 
carried  away  up  the  chimney.  If,  then,  the  fuel 
can  be  supplied  in  a  continuous  stream,  as  it 
were,  the  air  must  be  delivered  along  with  this 
fuel  in  a  like  manner,  and  can  be  regulated  so  as 
to  be  neither  too  much  nor  too  little.  This  is 
one  of  the  objects  of  feeding  by  means  of  what 
are  known  as  mechanical  stokers.  In  these  the 
fuel  is  fed  into  the  furnace  by  mechanical  means 
either  at  very  short,  regular  intervals  of  time,  or 
in  a  continuous  slow  moving  stream.'* 

Mechanical  stokers  are  of  many  different  types. 
All  are  alike  in  that  the  coal  is  mechanically 
transferred  from  a  hopper  to  the  furnace  in  which 
it  automatically  progresses  as  it  burns,  until  only 
ash  and  clinker  remain  to  be  discharged,  or  to 
be  dumped  or  withdrawn  at  intervals.  The  nor- 
mal automatic  stoker  is  designed  to  act  in  con- 
formity with  the  conditions  already  prescribed  as 
desirable  for  satisfactory  combustion,  hence  the 
stoker  is  to  be  regarded  as  a  smoke  preventing 
device.  While  stokers  do  not  all  possess  equal 
merit  from  the  standpoint  of  smoke  abatement, 
those  most  extensively  used  may  properly  be 
regarded  as  contributing  to  such  an  end.  As 
applied  to  small  furnaces,  stokers  are  chiefly 
advantageous  as  a  means  whereby  smoke  may  be 
reduced.  In  their  application  to  large  plants 
they  become  labor  saving  devices  and  as  such 
contribute  to  economical  operation.  Generally 
speaking,  it  is  only  when  the  size  of  a  furnace 
exceeds  that  which  can  be  hand-fired  by  a  mini- 
mum staff  of  attendants,  that  mechanical  firing 


becomes  profitable  as  a  labor  saving  measure. 
The  precise  limit  at  which  automatic  stokers  will 
prove  profitable  as  labor  saving  devices  will  de- 
pend upon  the  type  of  stoker  and  upon  the  con- 
ditions of  service  under  which  it  is  used. 

Among  the  types  of  stokers  extensively  used, 
the  chain  grate  may  first  be  described.  In  this 
arrangement  "the  coal  is  fed  from  a  hopper,  which 
extends  the  entire  width  of  the  grate  and  has  a 
plate  at  the  back  for  regulating  the  depth  of  the 
coal,  to  a  continuously  revolving  grate,  the  top 
of  which  is  made  to  move  from  front  to  rear  by 
power  applied  to  the  front  or  rear  sprocket  shaft. 
As  usually  installed,  the  surface  of  the  grate  is 
horizontal,  but  occasionally  chain  grates  are  given 
a  slight  incline.  Beyond  the  hopper  and  extend- 
ing over  the  whole  width  of  the  grate  is  a  fire-brick 
arch.  ...  In  operation,  coal  from  the  hopper 
begins  to  ignite  as  it  passes  under  the  arch  and  the 
grates  carry  the  burning  coal  toward  the  bridge 
wall  at  a  rate  which  permits  complete  combustion 
before  the  chain  passes  the  rear  sprocket,  and 
the  refuse  falls  into  the  ash-pit  below."  t  With  a 
uniform  load  and  proper  setting,  the  smoke  from 
this  equipment  is  invisible;  with  a  variable  load, 
good  results  are  obtainable  only  by  ' '  changing  the 
thickness  of  the  fire,  the  speed  of  the  grate  and 
the  position  of  the  damper  to  suit  the  load."  The 
chain  grate  stoker  is  extensively  and  successfully 
used  in  the  Middle  West,  where  a  "free  burning 
coal,  high  in  volatile  matter,  abounds."  The 
entrance  of  the  fresh  coal  under  an  arch,  and  the 
progressive  movement  of  the  coal,  as  it  cokes 
and  burns,  toward  the  back  of  the  furnace,  are 
important  factors  in  its  performance  as  a  smoke 
preventing  device. 

Roney  type  stokers  introduce  conditions  some- 
what similar  to  those  for  which  the  chain  grate 
provides.  In  this  type  of  stoker,  the  grate  has 
the  form  of  a  series  of  steps,  each  one  of  which  has 
a  regular  tilting  motion.  The  coal  is  introduced 
from  a  hopper  under  an  arch  upon  the  first  or 
highest  step  and  is  fed,  by  the  movement  of  the 
steps  and  by  pressure  from  the  coal  behind,  from 
step  to  step  down  the  flight  until  a  flat  grate  at 
the  bottom  is  reached.  The  progress  down  the 
flight  is,  of  course,  slow,  and  the  fuel  is  practically 
all  consumed  when  the  bottom  of  the  flight  is 


•W.  C.  Popplewell,  "The  Prevention  of  Smoke,  Combined  with  the  Econ- 
omical Combustion  of  Fuel."  London,  1901. 


t  D.  T.  Randall  and  H.  W.  Weeks.  "The  Smokeless  Combustion  of  Coal  in 
Boiler  Furnaces."     United  States  Bureau  of  Mines,  Bulletin  40,  191.1. 
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reached.  It  will  be  noted  that  the  conditions 
necessary  to  smokeless  combustion  are  well  met 
by  this  device. 

Murphy  type  stokers  introduce  fuel  along  both 
sides  of  the  furnace  to  inclined  grates,  which  ex- 
tend downward  to  a  longitudinal  clinker  grinder 
at  the  bottom.  A  brick  arch  extends  over  the 
entire  furnace.  The  device  provides  for  the  pro- 
gressive movement  of  fuel  into  and  through  the 
furnace,  for  the  automatic  discharge  of  clinker 
and  ash  and  for  the  maintenance  of  high  furnace 
temperatures. 

The  underfeed  stoker  is  one  in  which  fresh 
coal  is  fed  from  a  hopper  to  a  retort  underneath 
the  fuel,  which  is  already  ignited.  An  underfeed 
stoker  much  used  under  stationary  boilers  is 
usually  installed  with  automatic  control  of  air 
as  well  as  of  coal.  The  Crawford  locomotive 
stoker  represents  a  successful  application  of  this 
type  to  locomotive  service.  "The  air  and  the 
distilled  gases  are  intimately  mixed  and  heated 
by  rising  through  the  incandescent  coal  so  that 
combustion  is  complete  within  a  very  short  dis- 
tance from  the  retort.  Hence  the  combustion 
space  required  over  the  fuel  bed  is  less  than  with 
any  other  type.  .  .  .  Having  the  advantage  of  posi- 
tive draft,  the  underfeed  stoker  .  .  .  responds  with 
ease  and  economy  to  the  requirements  of  a  variable 
load."*  An  underfeed  stoker  used  in  locomotive 
service  has  been  found  to  work  effectively  with 
certain  fuels  without  the  use  of  a  blower,  t 

The  stokers  thus  far  described  belong  to  the  so- 
called  coking  type,  the  principle  of  which  involves, 
first,  the  distilling  and  burning  of  the  volatile 
matter  in  the  coal,  and,  second,  the  burning  of 
the  solid  matter  by  means  of  the  heat  generated 
in  the  combustion  of  the  volatile  materials. 

A  type  of  stoker  sometimes  described  as  a 
sprinkling  stoker  is  used  in  this  country  chiefly 
on  locomotives.  This  stoker  spreads  fresh  coal 
directly  upon  the  surface  of  the  fire.  It  is  in 
effect  merely  an  automatic  shoveler.  It  serves 
in  the  development  of  more  power  than  can  be 
produced  by  hand-firing  but  it  fails  to  intro- 
duce all  of  the  conditions  necessary  to  smokeless 
combustion. 

The  down-draft  furnace  involves  the  use  of 
two  grates,  one  above  the  other.  The  upper 

*  D.  T.  Randall  and  H.  W.  Weeks, 
t  Crawford  Locomotive  Stoker. 


grate  consists  of  a  series  of  water  tubes.  The 
fresh  fuel  is  thrown  upon  the  upper  grate  where 
it  is  exposed  to  draft  action  so  arranged  that  the 
air  passes  through  the  fuel  from  top  to  bottom. 
The  distillates  from  the  fresh  coal  at  the  top  of 
the  fuel  bed  pass  through  the  incandescent  fuel 
below  and  are  ignited  and  in  part  burned 
in  the  passage.  Partly  burned  fuel  which  may 
drop  through  the  upper  grate  burns  on  the  lower 
grate.  The  heat  from  the  lower  grate  aids  also 
in  burning  the  gases  drawn  downward  from  the 
fuel  above.  Deflection  arches  or  mixing  piers 
provide  for  the  more  positive  mixing  of  gases. 

101.30  Mechanical  and  Physical  Aids  to  Com- 
bustion: Steam  jets,  with  or  without  induced  air 
directed  into  the  furnace,  aid  in  intimately  mixing 
the  gases  of  the  furnace,  including  the  air,  and  by 
so  doing  tend  to  improve  combustion.  If  used 
without  induced  air,  the  effect  of  such  jets  is 
purely  mechanical.  The  general  verdict  appears 
to  be  that  unless  used  sparingly  the  steam  jet 
is  not  an  economical  device.  Its  first  cost  is 
comparatively  slight,  t  but  the  amount  of  heat 
required  to  generate  the  steam  for  the  device 
must  be  deducted  from  that  supplied  by  the 
furnace.  A  very  serious  objection  to  the  steam 
jet  is  said  to  lie  in  the  fact  that  its  proper  use 
depends  almost  entirely  upon  intelligence  and 
care  on  the  part  of  the  fireman,  though  sometimes 
it  is  installed  so  as  to  be  automatically  thrown  in 
and  out  of  service.  According  to  R.  P.  King,  H  con- 
sulting engineer,  "Steam  jets  are  not  adapted  for 
boilers  larger  than  125  horse-power  nor  should 
they  be  used  when  more  than  three  boilers  are 
connected  to  one  chimney."  "Whatever  may  be 
their  theoretical  merits,"  says  one  inspector, §  "a 
constant  repetition  of  the  excuse,  'The  fireman 
forgot  to  turn  on  the  jets,'  almost  tempts  me  to 
condemn  steam  jets  unreservedly." 

The  brick  arch  in  a  furnace  aids  in  maintain- 
ing a  high  temperature  of  flame.  There  are  many 
different  arrangements  involving  the  use  of  the 
arch.  In  stationary  boilers  with  stokers,  it  is 
located  above  the  fire  at  the  initial  end  of  the 
furnace,  where  it  acts  to  conserve  the  heat  of  the 
coolest  portions  of  the  grate.  "In  hand-fired 
boilers,  it  may  with  profit  be  located  back  of  the 

t  D.  T.  Randall  and  H.  W.  Weeks. 

^'Municipal  Control  of  Smoke."     Engineering  News,  Vol.  54,  1905. 

§  St.  Louis  Smoke  Inspection  Report,  1909. 
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bridge  wall,  where  it  supplies  a  zone  of  high 
temperature  into  which  the  gases  must  pass  on 
their  way  to  the  boiler. "  *  In  locomotive  furnaces, 
it  is  inclined  over  the  fire  from  front  to  rear, 
where  it  serves  to  reflect  the  heat  and  the  rising 
gases  into  the  fire.  It  is  sometimes  so  constructed 
as  to  admit  an  auxiliary  supply  of  air  needed 
to  complete  the  combustion  of  the  gases  as  they 
pass  from  under  it.  The  brick  arch  is  not  in 
itself  a  smoke  consumer,  but  its  presence  aids  in 
the  suppression  of  smoke. 

Baffle  walls  are  much  used  to  prevent  too  direct 
and  swift  a  movement  of  hot  gases  from  the  fur- 
nace, and  thereby  to  secure  their  full  utilization. 

"Forced"  or  "induced"  artificially  stimulated 
draft  is  employed  in  many  forms  of  furnaces.  Its 
presence  may  be  assumed  to  insure  a  better  con- 
trol of  air  distribution  in  the  furnace  than  can 
otherwise  be  had  and  hence  to  promote  satis- 
factory combustion.  According  to  Nicholson,! 
mechanical  draft  as  an  adjunct  to  steam  boiler 
furnaces  has  many  advantages,  among  which  are 
the  following :  It  increases  the  steaming  power  of 
the  furnace ;  it  enables  the  utilization  of  an  inferior 
and  cheaper  fuel ;  it  supplies  a  steady  draft  regard- 
less of  weather  conditions;  and  it  allows  thicker 
fires  than  can  be  used  with  natural  draft.  Reports 
from  numerous  smoke  departments  indicate  differ- 
ences in  opinion  concerning  the  value  of  mechan- 
ical draft  as  a  means  in  smoke  abatement.  While 
it  may  aid  in  smoke  prevention,  it  is  likely  to 
occasion  a  dust  nuisance  quite  as  serious  as  the 
smoke  nuisance. 

Certain  chemical  devices  have  at  various  times 
been  proposed  and  used  as  a  means  in  smoke 
prevention,  but  to  these  comparatively  little 
importance  can  be  attached.  They  provide  for 
mixing  with  the  fuel  materials  presumably  rich 
in  oxygen.  Nicholson  speaks  with  approval  of 
one  of  these  processes.  It  does  not  appear,  how- 
ever, that  any  such  procedure  has  as  yet  attained 
the  dignity  of  approved  practice. 

101.31  Conclusions:  This  review  of  the  lit- 
erature relating  to  mechanical,  physical  and  chem- 
ical means  of  abating  smoke  shows: 

i.  That  among  the  means  which  have  been 
suggested  to  reduce  the  amount  of  smoke  in  the 
atmosphere  of  cities  are : 

*  Osbom  Monnett,  Communication  to  the  Committee,  Oct.  3,  1914. 

t  W.  Nicholson,  "Smoke  Abatement,  A  Manual,"  p.  162,  London,  1005. 


a.  The  removal  of  fuel  consuming  industries 
to  points  remote  from  the  city. 

6.  The  construction  of  smoke  sewers,  or 
community  chimneys,  of  such  size  and  height 
as  to  permit  of  directing  the  discharges 
from  many  flues  into  one  stack  and  thereby 
delivering  the  combined  stream  far  above 
the  city. 

c.  The    establishment    of    central    heating 
and    power   plants    combining    the   activities 
of  many  small  coal  consuming  plants  into  a 
few    large    centers    which    may    possibly    be 
located    at   points    removed    from    areas    of 
congested  population. 

d.  The  employment  of  devices  for  washing 
smoke    discharges    before    emission    into    the 
atmosphere. 

e.  The  condensation  and  deposition  of  smoke 
particles  by 'means  of  electric  devices. 

/.  The  abolition  of  many  small  coal  fires 
through  an  extension  of  the  use  of  gas  and 
electricity. 

g.  Improvement  in  methods  of  firing. 

2.  That  fires  of  bituminous  coal  may  be  main- 
tained without  becoming  sources  of  visible  smoke, 
providing  certain  principles  are  recognized  in  the 
design  of  furnaces  and  in  the  manner  in  which 
they  are  fired. 

3.  That  it  is  possible  to  secure  smokeless  com- 
bustion of  fuel  in  fires  under  stationary  boilers 
by  hand-firing,  though  such  a  result  implies  care- 
ful supervision. 

4.  That  many  types  of  automatic  stokers  are 
available,  the  operation  of  which,  under  favorable 
conditions,  is  unattended  by  the  production  of 
visible  smoke. 

5.  That  various  aids  to  combustion  are  recog- 
nized which,  when  applied  to  furnaces,  tend  to 
suppress  smoke.     The  more  important  of  these 
are: 

a.  The  brick  arch  as  applied  to  stationary 
boilers  and  as  applied  to  locomotive  boilers. 

6.  The  use  of  baffle  walls  in  furnaces. 

c.  The  use  of  the  steam  jet  with  induced 
air  for  accelerating  the  process  of  combustion. 

EFFECTS  OF  SMOKE  UPON  HEALTH 

101.32  Character  of  Available  Data:  The  in- 
fluence of  smoke  in  the  atmosphere  upon  health 
constitutes  a  question  which  has  been  much  dis- 
cussed. The  testimony  as  it  appears  in  existing 
literature  is  conflicting.  All  that  may  be  accom- 
plished by  a  review  is  to  present  a  true  reflection 
of  this  testimony  and  to  emphasize  the  facts 
which  may  be  accepted  as  reliable  evidence. 

As  early  as  the  year  1844,  a  writer  in  the 
Mechanics'  Magazine  declared:  "I  know  that 
black  coal  smoke  is  about  the  least  injurious  to 
health  or  vegetation  of  any  volatile  product  of  our 
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chimneys."  Delahaye,*  commenting  in  1899  on 
the  report  of  the  Leeds  Commission,  stated :  "In 
spite  of  the  abundance  of  smoke,  people  are  no 
worse  off  in  Leeds  than  elsewhere.  Facades  of 
houses  are  soiled,  but  the  inhabitants  do  not  suffer. 
Are  we  going  to  learn  one  of  these  days  that  smoke, 
thanks  to  its  antiseptic  properties,  contributes  to 
making  the  atmosphere  healthful?  After  having 
proscribed  smoke  because  it  promotes  bronchitis 
and  other  diseases  of  the  respiratory  organs,  will 
we  demand  its  reinstatement  because  it  destroys 
germs  and  microbes?"  In  a  letter  to  the  Smoke 
Conference  of  the  Franklin  Institute  of  Phila- 
delphia, the  late  Dr.  R.  H.  Thurston,  Head  of 
Sibley  College  of  Engineering  of  Cornell  Univer- 
sity, wrote :  "  I  do  not  mean  to  intimate  that  the 
'smoke  nuisance'  .endangers  health  in  any  ordi- 
nary case;  on  the  contrary,  I  am  inclined  to  think 
that  the  presence  of  this,  which  is  always  a  minute 
amount  of  free  carbon  in  the  air,  is  rather 
healthful  than  otherwise. "t  The  city  of  Lon- 
don, notorious  for  its  smoke  and  yet  healthy,  is 
often  cited  as  furnishing  proof  that  smoke  is 
not  injurious. 

Among  those  who  contend  that  smoke  is  inju- 
rious to  health,  Dr.  J.  Nowak.t  of  Vienna,  writes: 
"In  former  times,  some  went  even  farther  and 
attempted  to  prove  that  smoke  is  actually  sanitary 
for  large,  densely  populated  cities,  because  it 
destroys  the  contagia  and  miasmata  which  are 
developed  in  sewers,  canals,  waste  matter  and 
refuse  water.  At  the  present  time,  since  our  ideas 
of  infection  and  disinfection  have  undergone  an 
entire  change,  we  know  that  this  idea  was  wrong. ' ' 
Dr.  A.  Jacobi,1t  of  New  York  City,  after  reviewing 
the  experiments  of  Ascher,  Klebs,  Bartel  and 
Neumann  as  to  the  injuries  caused  by  coal  smoke, 
says:  "A  serio-comic  contrast  is  furnished  by 
the  opinions  of  those  who  assert  that  soot  in  the 
lungs  prevents  tuberculosis."  Similar  views  are 
expressed  by  Coullaud,  Fodor,  Graham,  Orsi  and 
F.  A.  R.  Russell.  § 

The  effects  of  smoke  on  health,  whether  injuri- 
ous or  beneficial,  may  clearly  be  either  direct  or 

*"A  propos  des  fumees  industrielle  et  autres."  (Industrial  and  Other 
Smoke.)  Revue  industrielle,  Nov.  4,  1890. 

t  "The  Smoke  Nuisance  and  its  Regulation."  Journal  of  the  Franklin 
Institute,  Vol.  143,  p.  393,  1897. 

t  "Der  Rauch  in  gesundheitlicher  Beziehung."  (Smoke  in  its  Relation 
to  Health.)  Wiener  medizinische  Wochenschrift,  1881. 

T[  "Smoke  in  Relation  to  Health."  Journal  of  the  American  Medical  Asso- 
ciation, Vol.  49,  p.  813,  July-Dec.,  1907. 

§  Consult  the  works  under  these  names  in  the  Bibliography,  Appendix, 
section  701.59. 


indirect,  and  if  direct,  may  be  due  to  one  or 
more  of  i-ts  constituents  separately  or  to  all  in 
combination. 

101.33  The  Effects  of  Soot  and  Dust  upon 
Health:  Of  all  diseases  of  the  lungs  due  to  the 
habitual  inhalation  of  minute  mineral  or  metallic 
particles,  those  caused  by  coal  dust  in  mines  have 
been  the  longest  known  and  the  most  carefully 
studied.**  The  diseases  due  directly  to  coal  dust 
are  dyspnoea  (difficult  breathing) ,  chronic  catarrh 
and  emphysema  (distention  of  the  air  passages 
with  obliteration  of  the  air  cells). 

Dr.  Oskar  Klotz  1 1  states  that  definite  observa- 
tions upon  the  presence  and  nature  of  pigment 
within  the  lung  substance  and  its  associated 
lymphatic  structures  are  of  relatively  recent  date. 
Nevertheless,  as  early  as  1717,  Ramazzini  dis- 
cussed the  presence  of  carbonaceous  material 
within  the  lung  and  indicated  an  association  with 
definite  pulmonary  diseases.  Pearson,  in  1813, 
followed  by  Laennec,  in  1819,  studied  the  prob- 
lem and  applied  the  term  anthracosis  or  coal 
miner's  lung.  Pearson's  contention  that  individ- 
ual coal  particles  when  inhaled  become  deposited 
in  the  lung  tissue  was  supported  by  Gregory,  but 
strongly  combated  by  Koschlakoff,  Virchow  and 
Henele  and.  as  late  as  1855,  by  Barthelmess. 
Subsequently,  however,  Pearson's  observations 
were  confirmed  in  Traube's  clinic  (1860),  where 
some  carbon  pigment,  presumably  having  its 
origin  in  charcoal,  was  demonstrated  in  the  lung 
substance.  Since  then  the  deposition  in  the 
lungs  of  carbon  from  smoke  has  been  amply  con- 
firmed by  studies  upon  human  lungs  as  well  as  by 
animal  experimentation.  In  the  early  days  of 
cellular  pathology,  extensive  pulmonary  anthra- 
cosis rarely  occurred  and  intensive  examples  of 
pigmentation  of  the  lung  were  found  only  among 
coal  miners.  Today  the  use  of  coal  has  become 
so  general,  as  the  main  source  of  energy  for  the 
remarkable  industries  which  began  in  the  middle 
of  the  ipth  century,  that  in  every  city  the  air  is 
more  or  less  polluted  by  carbon  particles,  and  few 
persons  living  in  such  smoke  polluted  cities  can 
escape  the  accumulation  of  carbon  particles  in  the 

**  Dr.  Racine,  "Ueber  das  Verhattnis  von  Emphysema  und  Tuberculose  zur 
Kohlenlunge  der  Bergleute."  (On  the  Relation  of  Emphysema  and  Tuber- 
culosis to  Coal  Lungs  in  Miners.)  Vierteljahrsschrift  fur  gerichtliche  Medizin, 
Vol.  40,  1884. 

tt  "  Pulmonary  Anthracosis — A  Community  Disease."  American  Journal  of 
Public  Health,  Vol.  4,  1914.  Research  carried  on  in  conjunction  with  the 
smoke  investigation  of  the  Mellon  Institute,  University  of  Pittsburgh. 
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respiratory  system.  Dr.  Klotz  made  a  series  of 
autopsies  upon  persons  who  had  been  residents  of 
the  Pittsburgh  district  for  the  greater  part  of  their 
lives,  but  who  had  not  been  engaged  in  coal 
mining,  for  the  purpose  of  ascertaining  the  gross 
pathological  changes  which  arise  from  the  excessive 
inhalation  of  carbon  laden  air.  He  summarizes 
the  results  of  his  observations  as  follows : 

"Pulmonary  anthracosis  (not  in  coal  miners) 
is  distinctly  an  urban  disease,  and  is  proportion- 
ate to  the  smoke  content  of  the  air. 

"The  soot  is  inspired  and  lodges  in  the  pulmon- 
ary alveoli  from  which  it  is  carried  by  phago- 
cytes into  the  lung  tissue  to  become  lodged 
in  some  portion  of  the  pulmonary  lymphatic 
system. 

"Although  small  quantities  of  carbon  deposit 
in  the  lung  may  remain  without  harm,  yet  the 
quantity  accumulating  in  the  dweller  of  the 
larger  cities  has  an  accompanying  greater  or  less 
fibrosis  impairing  the  elasticity  as  well  as  alter- 
ing the  functional  capacity  of  the  organ. 

"The  distribution  of  carbon  is  fairly  uniform 
in  the  parenchyma  of  the  different  lobes,  but 
there  is  a  considerable  variation  in  the  distribu- 
tion of  the  pleural  deposit.  The  interlobar  and 
diaphragmatic  pleural  surfaces  show  the  least 
pigment.  Moreover,  less  pigment  is  found  in  the 
grooves  produced  by  the  ribs  or  abnormal  bands. 

"Carbon  tends  to  accumulate  at  the  nodal 
points  of  junction  of  the  lymphatic  channels. 
The  cellular  migration  of  carbon  may  lead  to 
unusual  accumulations  in  certain  areas  partic- 
ularly well  demonstrated  in  the  deposit  about 
chronic  tuberculous  lesions. 

"  Carbon  deposits,  by  inducing  fibrosis,  tend  to 
encapsulate  chronic  tuberculous  foci. 

"Pulmonary  anthracosis  by  itself  does  not 
appear  to  stimulate  the  production  of  pleural 
adhesions. 

"The  actual  amount  of  carbon  present  in  the 
lungs  of  different  individuals  varies  considerably 
and  is  dependent,  in  part  at  least,  on  the  age, 
occupation,  residence,  and  condition  of  the  lungs 
(emphysema,  collapse,  tuberculosis)." 

Dr.  Seltmann*  concludes  that  the  deposit  of 
coal  in  the  lungs  diminishes  the  gaseous  exchange 
by  decreasing  the  breathing  surface,  checks  the 
formation  of  blood  and  so  causes  anemia  and 
dyspnoea.  Dr.  Merkelt  thinks  that  emphysema 
originates  from  chronic  bronchial  catarrh,  but  as 
catarrh  is  very  prevalent  among  miners  and 
emphysema  very  uncommon,  Racine  denies  the 
connection  and  ascribes  such  cases  of  emphysema 

*  "Die  Anthrakosis  der  Lungen  bei  den  Kohlenbergarbeitern."  (Anthracosis 
of  the  Lungs  in  Coal  Miners.)  Deutsches  Archiv  fur  klinische  Medizin,  1866-7. 

t  "  Krankheiten  die  durch  die  Inhalation  einer  jeden  Art  von  Staub  hervpr- 
gerufen  oder  gefordert  werden  konnen."  (The  Diseases  Due  to  the  Inhalatipn 
of  Dust.)  v.  Ziemssens  Handbuch  der  Speciellen  Pathologic  und  Therapie, 
1874- 


as  occur  in  mines  to  the  direct  effects  of  the  coal 
dust.  "With  every  inspiration  in  air  filled  with 
coal  dust,  fine  particles  of  coal  enter  the  lungs  and 
clog  them.  Every  following  breath  brings  new 
air,  which  cannot  get  into  the  clogged  alveoli 
but  must  seek  out  other  parts  of  the  lungs.  If  the 
ribs  are  elastic  enough  and  the  active  processes 
of  respiration  ample,  then  the  inspired  air  will 
be  sufficient  in  quantity  to  overload  the  alveoli 
which  can  be  used  and  will  thus  gradually  enlarge 
them.  .  .  .  The  men  who  work  in  the  current 
of  outgoing  air  are  the  very  ones  who  contract 
the  disease  most  easily — and  it  is  here  that  the 
air  current  contains  the  greatest  number  of  coal 
particles." 

The  relation  of  "coal-lungs"  to  tuberculosis 
has  been  widely  discussed.  Many  authors  con- 
tend that  tuberculosis  is  very  rare  among  coal 
miners,  and  ascribe  its  rarity  to  the  antiseptic 
properties  of  coal.t  This  is  denied  by  Schlockow 
and  by  Dr.  Louis  Ascher.  If  Ascher  cites  English 
statistics  to  show  that  the  low  mortality  from 
tuberculosis  among  laborers  breathing  coal  dust 
is  confined  to  miners  and  concludes  from  his 
study  of  such  statistics  that: 

1.  Coal  dust  does  not  retard  the  development 
of  tuberculosis. 

2.  The  low  mortality  among  miners  from  tuber- 
culosis is  due  to  the  fact  that  they  are  a  picked 
class  of  men,  better  paid  and  of  a  higher  cultural 
level. 

3.  Smoke  and  soot  cause  a  tendency  toward 
acute  lung  diseases  and  cause  tuberculosis  to  run 
its  course  more  quickly. 

Racine  contends  that  few  if  any  of  those  who 
have  discussed  the  subject  have  distinguished  with 
sufficient  care  between  tuberculosis  and  other 
pulmonary  diseases,  such  as  chronic  pneumonia. 
After  careful  analyses  of  many  cases  represented 
as  tuberculosis,  he  reports  that  "very  seldom  did 
the  diagnosis  show  the  case  to  be  pure  tubercu- 
losis," and  that,  although  tuberculosis  is  very 
prevalent  among  the  wives  of  the  miners,  it  is 
seldom  found  among  the  miners  themselves.  He 
rejects  Schlockow's  suggestions  attributing  the 
immunity  of  the  miners  to  the  high  location  of 
their  dwelling  places  and  the  sinking  of  the  level 

J  Dr.  Racine,  "Ueber  das  Verhaltnis  von  Emphysema  und  Tuberculose  zur 
Kqhlenlunge  der  Bergleute."  (On  the  Relation  of  Emphysema  and  Tubercu- 
losis to  Coal  Lungs  in  Miners.)  Vierteljahrsschrift  fur  gerichtliche  Medizin, 
Vol.  41,  1884. 

1f  On  this  point,  Ascher *s  results  are  summarized  in  his  paper,  "  Die  Einwirk- 
ung  von  Rauch  und  Russ  auf  die  menschliche  Gesundheit."  (The  Effects  of 
Smoke  and  Soot  upon  Human  Health.)  Deutsche  Medizinische  Wochenschrift , 
Vol.  35  1900. 
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of  the  ground  water  in  these  neighborhoods,  and 
supports  the  view  of  Wahl*  and  Fincket  that  coal 
has  a  great  disinfecting  power  and  that  it  acts  as 
a  hindrance  to  the  growth  of  bacilli  in  the  lungs. 

B.  A.  Cohoet  quotes  the  following:  "Oliver 
thinks  that  soot  acts  in  a  manner  different  from 
coal  dust.  'Soot,'  he  states,  'increases  the  action 
of  incipient  tuberculosis,  whereas  coal  dust  has  an 
unfavorable  effect  on  the  tubercle  bacilli.  Soot 
has  only  a  mild  action  in  preventing  infection 
by  tuberculosis,  whereas  coal  dust  is  active  in 
its  immunizing  qualities.  The  acid  elements  of 
the  soot  are  not  only  an  irritant,  but  an  aid 
to  tuberculous  development.  .  .  .  It  is  a  com- 
mon experience  that  the  course  of  pulmonary 
tuberculosis  is  hastened  by  living  in  a  smoky 
atmosphere,  also  that  smoke  predisposes  to 
acute  lung  diseases.  Soot  differs  from  coal  dust 
in  being  a  spongy  material  capable  of  absorb- 
ing sulphuric  acid  and  hydrochloric  acid  up  to 
10  per  cent,  besides  retaining  other  free  acid 
gases  and  certain  oxidation  products  of  a  tar- 
like  nature.' 

"According  to  Lehman,  the  sulphur  dioxid  con- 
tained in  soot  is  absorbed  by  the  nasal  mucous 
membrane  and  the  particles  of  carbon  are  carried 
further  into  the  respiratory  passages,  and  are 
finally  deposited  in  the  lung  tissue,  having  mean- 
while in  their  descent  given  up  to  the  bronchial 
mucous  membrane  and  the  lining  membrane  of 
the  lungs  some  of  the  acids  which  they  retained. 

"Cornet,  by  means  of  animal  experimentation, 
demonstrated  that-  soot  did  not  contain  any 
qualities  which  would  stop  or  inhibit  the  tuber- 
culous process." 

Experiments  to  determine  the  direct  effects  of 
smoke  and  soot  on  dogs  and  rabbits  have  been 
conducted  by  several  investigators.  The  most 
notable  of  these  are  the  experiments  of  Dr.  H. 
RuppertJ  Assistant  Physician  in  the  Polytechnic 
Institute  at  Heidelberg,  Germany,  made  primarily 
with  a  view  to  discovering  how  and  in  what  form 
soot  penetrates  into  the  tissues  of  the  respiratory 
organs  and  what  changes  it  produces  in  them. 

*Dr.  M.  Wahl.  "Zur  Tuberkulosenfrage."  (The  Problem  of  Tuberculosis.) 
Centralblatt  fur  allgemeine  Gesundheitspflege,  1883. 

t  Dr.  Fincke,  "Die  Kohle  als  Antisepticum."  (Coal  as  an  Antiseptic.)  Deutsche 
Medizinische  Wochenschrift,  pp.  685  ff,  1883. 

J"The  Relation  of  Atmospheric  Smoke  and  Health."  Bulletin  No.  9, 
Smoke  Investigation  of  the  Mellon  Institute,  University  of  Pittsburgh,  1914. 

1  "  Experimentelle  Untersuchungen  uber  Kohlenstaubinhalation."  (Experi- 
mental Investigations  of  the  Inhalation  of  Coal  Dust.)  Virchow's  Archiv 
Vol.  2,  1878. 


His  conclusions  are  to  the  effect  that  even  weak 
animals  can  breathe  an  atmosphere  thick  with 
soot  from  a  petroleum  lamp  "for  weeks  without 
injury"  and  that  "no  change  is  caused  in  the 
bronchi  by  the  inhalation  of  a  chemically  indiffer- 
ent dust." 

It  appears  to  be  an  accepted  fact  that  mineral 
dust,  which  is  often  an  accompaniment  of  smoke, 
is  more  injurious  to  health  than  is  carbonaceous 
dust.  Sir  James  Crichton  Browne  §  says  that 
"carbonaceous  dust  seems  to  be  least  injurious 
to  the  human  organism.  .  .  .  Besides  being  in 
some  degree  antiseptic,  carbon  dust  is  less  irri- 
tating and  scarifying  than  many  other  industrial 
dusts,  and  it  is  really  by  their  irritating  and  scari- 
fying power  that  the  lethal  effects  of  dust  are  to 
be  measured."  Dr.  Evans,*  *  of  Chicago,  writes: 
"Smoke  carbon  is  probably  as  little  harmful  as 
any  solid  which  can  be  taken  into  the  human  body. 
It  is  quite  inert  chemically.  Physically,  it  irri- 
tates but  little.  The  harm  that  it  does  is  that  it 
transports  bacteria  and  secures  entrance  for  them 
where  alone  they  would  be  repulsed." 

It  is  of  interest  to  note  that  upon  one  fact  all 
authorities  seem  to  agree,  namely,  that  soot  and 
coal  dust,  as  Dr.  Ruppert  has  shown,  do  not 
make  their  way  into  the  lung  tissues  by  piercing 
or  boring;  that  although  coal  dust  produces 
emphysema  of  the  lungs,  it  does  not  produce 
irritation. 

The  mortality  of  occupations  which  are  known 
to  be  particularly  dusty  is  notably  higher  than 
that  of  occupations  of  the  opposite  character. 
An  English  statistician,  Dr.  Tatham,  of  Man- 
chester, quoted  by  Sir  James  Crichton  Browne, 
compiled  a  table  of  22  dusty  industries,  show- 
ing that  in  each  of  them  "the  mortality  from 
tubercular  phthisis  and  respiratory  diseases  to- 
gether is  more  than  double  that  of  agriculturists. 
...  A  detailed  examination  of  the  conditions  of 
work  in  each  of  the  22  principal  dusty  trades 
brings  out  clearly  that  it  is  the  dust  that  is 
primarily  at  fault  in  causing  their  unhealthiness, 
for  there  is  always  a  relation  between  the  death 
rate  and  the  quantity  and  quality  of  the  dust." 
Dr.  Browne  also  made  a  special  study  of  effects 
of  ganister  dust,tt  in  connection  with  which  he 

§  "The  Dust  Problem,"  Journal  Royal  Sanitary  Institute,  Vol.  23,  1902. 
*  *  Quoted  by  Cohoe. 

tl"  Ganister  is  a  hard,  silicious    rock  used   in  lining  furnaces..    It  has    no 
specifically  poisonous  properties. 
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states  that  ganister  "kills,  not  by  inducing  phthisis 
in  the  primary  sense  of  the  term,  although  that  is 
the  commonly  certified  cause  of  death,  but  by 
setting  up  more  or  less  wide-spread  fibrosis  in  the 
lungs.  .  .  .  The  hard,  angular,  piercing  parti- 
cles drawn  into  the  bronchi  and  pulmonary  air 
cells  by  repeatedly  recurring  irritation,  set  up 
hyperplasia  of  the  connective  tissue,  which  is 
perhaps  an  attempt  at  repair;  the  newly  formed 
fibrous  tissue,  with  the  progressive  stimulus  char- 
acteristic of  all  infant  growth,  extends  beyond 
the  original  seat  of  lesion,  compresses  surrounding 
tissues,  causing  degenerative  changes,  and  ulti- 
mately compromising  the  functions  of  the  viscus 
and  exposing  it  to  attacks  of  infective  organisms. 
.  .  .  The  likelihood  is  that  all  kinds  of  dust 
that  act  mechanically  set  up  changes  in  the  lungs 
analogous  to  that  induced  by  ganister  dust." 

101.34  Effects  of  the  Gaseous  Elements  of 
Smoke  upon  Health:  Each  of  the  more  impor- 
tant gases  of  combustion  represented  by  the  carbon 
and  sulphur  compounds  is  generally  regarded  as 
injurious  to  health  when  present  in  the  atmosphere 
in  sufficient  quantities.  Investigators  are,  how- 
ever, not  in  agreement  as  to  the  extent  of  the 
effects  produced  by  the  normal  content  of  these 
gases  in  the  air  of  cities. 

Carbon  monoxid  is  a  product  of  incomplete 
combustion.  Under  normal  furnace  conditions  it 
is  either  lacking  in  smoke  or  appears  only  in  small 
amounts.  It  is  known  to  be  extremely  poisonous. 
Man  is  more  susceptible  to  its  influence  than  are 
the  lower  animals.  Dr.  H.  Coullaud  states*  that 
the  effect  of  carbon  monoxid  inhalation  by  firemen 
is  not,  as  a  rule,  very  serious.  He  estimates  that 
the  gaseous  mixture  inhaled  must  contain  at 
least  15  per  cent  —  ten  times  as  much  as  is  con- 
tained in  ordinary  smoke  —  in  order  to  produce 
immediately  harmful  effects.  Dr.  J.  von  Fodor.t 
after  reviewing  the  results  obtained  by  previous 
investigators  and  reciting  his  own  experiments, 
sums  up  his  hygienic  conclusions  as  follows: 

1.  If  the  carbon  monoxid  in  the  air  breathed 
exceeds  0.15  per  cent  it  is  dangerous  to  health. 

2.  If  it  is  breathed  for  a  considerable  time  in 
greater  quantities  than  0.05  per  cent  it  is  injurious 
to  health. 

*  "L'intoxication  par  les  fumees  chez  les  sapeurs-potnpiers. "  (Poisoning  by 
Smoke  among  Firemen.)  Annales  d'hygiene  publique  et  de  medecme  legale, 
4th  Series,  Vol.  XII,  1009. 

f'Das  Kohlenoxyd  in  seinen  Beziehungen  zur  Gesundheit."  (Carbon 
Monoxid  in  its  Relation  to  Health.)  Vierteljahrsschrift  fur  Gesundheitspflege. 
Vol.  12,  1880. 


.V  If  it  is  diluted  up  to  0.004  per  cent  it  is  still 
taken  into  the  organism;  therefore  it  should 
be  excluded  above  this  limit,  and  where  possible 
also  below  it,  from  the  air  of  our  dwellings. 

While  carbon  monoxid  is  often  present  in 
dangerous  quantities  in  crowded  and  poorly 
ventilated  rooms  or  in  rooms  heated  with  ill- 
constructed  stoves,  investigators  show  that  it  is 
present  only  in  minute  amounts  in  the  atmosphere 
even  of  smoky  cities.  According  to  A.  Gautier, 
the  amount  of  carbon  monoxid  in  air  does  not 
exceed  one  part  in  500,000,  or  o.oopz  per  cent, 
an  amount  top  small  to  endanger  health.  Seidell 
and  Meservet  affirm  that  a  review  of  the  available 
literature  upon  the  physiological  effects  of  small 
amounts  of  carbon  monoxid  and  sulphur  dioxid 
shows  that,  in  order  to  produce  an  unmistakable 
harmful  effect  upon  man,  these  gases  must  be 
present  in  the  air  in  amounts  exceeding  the  maxi- 
mum found  by  them  in  any  tunnel-air  sample. 

Carbon  dioxid  is  a  necessary  result  of  complete 
combustion  and  all  smoke  is  heavily  charged  with 
it.  It  is  "not  very  poisonous,"  according  to 
Coullaud,  "for  Pettenkofer  passed  several  hours 
in  an  atmosphere  containing  one  per  cent  of  it 
without  experiencing  any  ill  effects  and  Forster 
breathed,  without  difficulty  for  ten  minutes,  air 
in  which  there  was  four  per  cent."  In  factories 
an  average  of  10.  i  volumes  per  10,000  of  carbon 
dioxid  has  been  found  in  the  daytime  and  17.6 
per  10,000  at  night  when  gas  was^burning.  In 
elementary  schools  in  Dundee,  Scotland,  the 
average  proportion  of  carbon  dioxid  was  found 
to  be  1 8. 6  volumes  per  10,000  with  natural 
ventilation  and  12.3  volumes  with  the  indiffer- 
ent mechanical  ventilation  sometimes  employed.  H 
The  effects  in  both  factories  and  schools  were 
doubtless  deleterious  but  not  immediately  pois- 
onous. In  normal  country  air,  however,  the  pro- 
portion of  carbon  dioxid  is  about  0.03  per  cent 
(three  parts  in  10,000),  and  in  city  air,  as  already 
shown  by  the  review  set  forth  in  preceding  sections, 
it  is  frequently  as  low  as  o .  03  per  cent,  is  rarely 
above  0.04  per  cent  and,  so  far  as  the  records 
indicate,  never  exceeds  0.05  per  cent.  The  effect 
of  the  amounts  usually  found  in  city  air  is,  accord- 
ing to  Rubneri  and  others,  inconsiderable. 

{"Gaseous  Impurities  in  the  Air  of  Railway  Tunnels."  1914- 

f  John  S.  Haldane,  M.  D.,  "Air  of  Factories  and  Workshops."     Journal  of 

Hygiene,  Vol.  l,  igol. 
}"Uebertru 

Vol.  59.  1906. 
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Evans  believes  .  that  we  can  stand  a  much 
higher  percentage  of  carbon  dioxid  than  is  ever 
found  in  the  outside  air  and  that,  while  carbon 
monoxid  is  directly  toxic,  carbon  dioxid  is  only 
depressant  and  remotely  toxic,  and  is  never  fatal 
in  'one  whiff  in  any  concentration.'  But,  as  he 
wisely  adds,  'neither  does  a  child  get  a  complete 
education  in  five  minutes  in  a  grammar  school.'  "* 

Sulphur  compounds  in  smoke  result  from  the 
presence  of  sulphur  in  the  fuel.  The  amount  of 
such  compounds  liberated  per  unit  weight  of  fuel 
consumed  is  a  function  of  the  characteristics  of 
the  fuel.  The  effect  of  the  sulphur  compounds 
upon  health  has  been  studied  by  numerous  in- 
vestigators. Dr.  T.  W.  Schaefert  after  ten  years 
of  investigation  reached  the  conclusion  that  sul- 
phur dioxid  in  the  atmosphere  is  "one  of  the 
most  potent  causal  factors  of  asthma."  Cushny 
states,  as  quoted  by  Dr.  Schaefer,  that  sulphurous 
acid  produces  irritation  of  the  mucous  membranes 
and  that  sulphur  anhydrid,  which  is  still  stronger 
in  its  effects,  acts,  even  when  present  in  amounts 
as  small  as  five  parts  in  10,000,  "as  an  irritant, 
causing  sneezing,  coughing  and  lachrymation,  and 
in  somewhat  greater  concentration  it  becomes  en- 
tirely irrespirable,"  while  "still  smaller  quantities 
in  the  air  cause  bronchial  irritation  and  catarrh 
when  inhaled  for  some  time."  By  experimenta- 
tion upon  guinea-pigs,  rabbits  and  pigeons  with 
sulphurous  acid,  Enrico  Ronzanit  found  that,  as 
a  result  of  30  days'  exposure,  the  weight  of  the 
animals  had  decreased  but  that  the  number  of 
red  corpuscles  in  their  blood  had  increased.  Of 
the  42  animals  experimented  on  in  the  30  days, 
however,  only  three  died  from  the  effects  of  the 
acid. 

According  to  Cohoe,  "it  is  probable  that  sul- 
phurous fumes  are  the  most  deadly  of  all  the 
gaseous  constituents  of  smoke.  In  this  connec- 
tion Evans  states :  '  Sulphur  compounds  are  very 
objectionable  and  probably  more  harmful  than 
carbon  compounds.  Probably  before  long  our 
dense  smoke  ordinances  will  be  changed  so  as 
to  add  to  the  carbon  control  other  provisions 
which  will  control  sulphur  compounds.  Possibly, 

*  B.  A.  Cohoe,  "  The  Relation  of  Atmospheric  Smoke  and  Health."  Bulletin 
No.  9,  Smoke  Investigation  of  the  Mellon  Institute,  University  of  Pittsburgh 
1914. 

f'The  Contamination  of  the  Air  of  our  Cities  with  Sulphur  Dioxid,  the 
Cause  of  Respiratory  Disease."  Boston  Medical  Journal,  Vol.  157,  1907. 

J  "  Ueber  den  Einfiuss  der  Einatmungen  reizender  Case  der  Industrien." 
(On  the  Effects  of  Inhaling  Irritating  Gases  of  Industries.)  Archiv  fur 
Hygiene,  Vol.  66-67,  1908. 


also,  the  combustion  experiments  will  likewise 
be  directed  more  to  the  solution  of  the  sulphur 
problem." 

While  some  smoke  may  have  other  constituents, 
those  which  have  been  considered  comprehend  all 
that  is  significant  in  the  output  of  normal  furnace 
fires.  Certain  investigators  express  the  view  that 
the  only  constituents  of  smoke  diffused  in  city 
atmosphere  which  may  possibly  be  injurious  to 
health  are  "mineral  dust"  and  "sulphur  com- 
pounds"; but  conclusive  evidence  that  these 
constituents  in  the  diluted  form  in  which  they 
appear  in  the  atmosphere  of  even  a  smoky  city 
are  actually  injurious,  is  lacking. 

101.35  Direct  Effects  of  Smoke  as  a  Whole 
upon  Health:  The  effects  of  smoke  as  a  whole 
upon  health  are  of  greater  importance  than 
are  those  of  its  separate  constituents,  as  con- 
sidered in  the  preceding  section.  The  effects  of 
smoke  are  often  regarded  as  being  either  direct 
or  indirect.  The  direct  effects  of  smoke  are 
those  which  may  result  directly  in  the  promotion 
of  disease;  the  indirect  effects  are  those  which 
may  be  incident  to  fogs,  lack  of  sunshine  or  other 
conditions  generally  regarded  as  being  intensified 
by  smoke. 

The  direct  effects  of  smoke  are,  it  is  usually 
assumed,  to  be  noted  in  the  respiratory  organs. 
It  is  stated  by  Dr.  Kister  that  "it  is  not  easy 
to  prove  a  direct  injurious  effect  of  smoke  upon 
our  respiratory  organs."  Dr.  L.  Heim  says  that, 
"the  impurity  of  the  air  caused  by  the  combus- 
tion of  coal  is  detrimental  to  the  health.  That 
those  who  are  in  good  health  are  directly  harmed 
is  difficult  to  prove.  It  is  known,  indeed,  that  in 
sooty  cities  deposits  of  carbon  can  be  found  in 
the  lungs  in  increasing  quantities  but  it  has  not 
been  noticed  that  this  has  caused  an  increase 
in  the  death  rate.  Diseased  respiratory  organs, 
however,  are  seriously  injured  by  smoke  and 
soot."  Dr.  Tatham,  the  Medical  Officer  of 
Health  for  Manchester,  stated  in  his  report  in 
1890  that  the  working  life  of  the  people  in  Man- 
chester township,  which  is  the  central  part  of  the 
city,  was  curtailed  by  ten  years.  The  average 
expectation  of  life  among  men  from  1880  to  1890 
was,  it  is  stated,  for  England  and  Wales  43 . 66 
years,  for  country  districts  51.48  years,  and  for 
Manchester  28.78  years.  "Our  people  lose  30 
per  cent  of  their  lives,"  says  Dr.  Tatham.  .  .  . 
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' '  The  acids  of  smoke  and  carbon  particles  operate 
upon  the  lungs  for  years  before  they  finally  destroy 
them."* 

Coullaud,  in  discussing  the  effects  of  smoke 
upon  firemen,  who  are  often  exposed  to  the  dense 
fumes  of  serious  fires  in  buildings,  says:  "It  is 
to  be  noted  that  in  most  of  the  large  cities  serious 
accidents  are  rare  owing  to  precautionary  measures 
taken  everywhere.  At  Lyons,  Bordeaux,  Lille, 
Nantes,  Brussels,  Angers,  Rome,  Liverpool,  Bir- 
mingham, Edinburgh,  Glasgow,  Vienna,  Hamburg, 
Bremen,  Hanover,  Washington  and  Baltimore, 
only  slight  disorders  have  been  observed.  No 
serious  maladies  attributable  to  the  absorption 
of  smoke  have  been  registered  in  the  past  12 
or  15  years.  In  Chicago  no  case  of  death  has  oc- 
curred from  this  cause  for  20  years,  nor  have  any 
serious  disorders  which  have  necessitated  reform 
been  established.  At  Amsterdam  several  light 
cases  have  occurred,  which  yielded  to  milk  diet." 

Among  those  who  have  studied  carefully  the 
effects  of  smoke  is  Dr.  Louis  Aschert  of  Germany. 
His  presentations  have  been  extensively  dis- 
cussed but  his  conclusions  have  not  always  been 
adopted  without  qualification  by  other  experts. 
In  his  experiments  he  sought  answers  to  two 
questions : 

"  i.  Does  smoke  cause  a  predisposition  to  lung 
diseases  in  rabbits,  that  is,  are  rabbits  which 
have  been  forced  to  inhale  smoke  for  some  time 
seized  by  an  acute  lung  disease  while  animals  not 
so  treated  are  free  from  it,  or  do  differences 
show  themselves  in  the  extension  of  the  disease 
in  question? 

"2.  Does  smoke  cause  tuberculosis  to  run  its 
course  more  quickly,  that  is,  are  rabbits  when 
suitably  infected  with  tuberculosis  carried  off 
more  rapidly  if  they  have  inhaled  smoke  than 
if  they  have  not?" 

The  experiments  performed  yielded  the  follow- 
ing results:  "Animals  inoculated  with  tuberculo- 
sis vaccine  and  exposed  90  to  120  days  (10  hours 
daily)  to  smoke  died  sooner  than  animals  not  so 
inoculated,  and  sooner  also,  on  the  average,  than 
tuberculous  animals  not  exposed  so  much  to 
smoke.  Animals  which  had  breathed  moderate 
quantities  of  smoke  for  several  weeks  were  infect- 
ed with  inflammation  of  the  lungs  by  breathing 
aspergillus,  while  control  animals  (animals  which 

*  John  W.Graham,  "The  Destruction  of  Daylight— A  Study  in  the  Smoke 
Problem,"  1907. 

t "  Der  Einfluss  des  Rauches  auf  die  Atmungsorgane."  (The  Influence  of 
Smoke  upon  the  Organs  of  Respiration.)  Stuttgart,  1905. 


had  not  been  subjected  to  smoke)  were  not." 
Ascher  found  that  moisture  combined  with  smoke 
intensified  its  effects.  He  acknowledges  that  not 
all  doubts  as  to  the  assumption  that  smoke  alone 
is  responsible  for  the  increase  of  acute  lung  dis- 
eases and  accelerated  cases  of  tuberculosis  have 
been  removed;  a  list  of  auxiliary  causes  will,  he 
says,  probably  attain  prominence  in  this  matter 
as  in  most  scientific  questions. 

Similar  conclusions  were  reached  by  Ascher 
by  means  of  statistical  investigations.  Dividing 
lung  diseases  into  two  classes,  tuberculous  and 
non-tuberculous,  he  found  that  the  effects  of  dis- 
eases of  the  latter  class  were  intensified  by  smoke 
and  that  the  mortality  rate  for  very  old  and  very 
young  persons,  or  those  particularly  subject  to 
acute  non-tuberculous  diseases  of  the  lungs,  was 
greater  in  smoky  districts  than  in  those  not 
affected  by  the  smoke  nuisance.  General  opinion 
as  to  the  effects  of  smoke  upon  lung  diseases  had, 
he  thought,  been  misguided  by  the  fact  that  the 
rate  of  mortality  among  miners  is  low.  By 
means  of  the  distinction  between  tuberculous 
and  non-tuberculous  lung  diseases,  he  states, 
much  of  the  misunderstanding  may  be  dispelled. 
He  concludes  that,  "smoke  causes  a  predisposi- 
tion to  acute  lung  diseases  and  makes  tuberculo- 
sis run  its  course  more  quickly."  The  statistics 
upon  which  Ascher  relied  for  his  conclusion  were 
drawn  from  mortality  records  of  England,  Scot- 
land and  Germany. 

One  of  Dr.  Ascher 's  tables  (for  1905-09)  is  as 
follows : 

DEATH    RATE 
PER    IO.OOO 

Death  rate  from  acute  lung  diseases  in  all  German 

towns  with  15,000  population,  or  more 24.0 

In  equally  large  towns  of  Rhenish  Westphalian. 

industrial  area 34- o 

In  the  industrial  district  of  Upper  Silesia 36.0 

It  will  be  seen  that  the  rate  is  higher  in  the 
industrial  districts.  Russell  has  utilized  the  fol- 
lowing tabulation  to  show  the  extreme  frequency 
of  death  due  to  lung  diseases  occurring  in  and 
about  the  smoky  atmosphere  of  Glasgow  in  the 
year  1880: 


Locality 

Contagious 
Diseases 

Lung 

1  >;-.    i-.-- 

Other 
Diseases 

Total 

289 

I.Vi 

996 

1  639 

City  of  Glasgow  
Thinly  populated  part   of   Glasgow 
(36  persons  per  acre)  

773 

4.W 

1.024 
600 

1.232 
870 

3.029 
1  920 

Densely  populated  part  of  Glasgow 
(512  persons  per  acre)  .... 

1.020 

;  HI*) 

1  ..•„, 

4.480 

yo 
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Similarly,  statistics  compiled  for  Manchester 
reveal  a  strikingly  high  incidence  of  deaths  from 
respiratory  diseases.  The  death  rate  in  different 
parts  of  Manchester  per  100,000  for  the  year 
ending  the  third  quarter  of  1891  was  as  follows: 


Locality 

Contagious 
Diseases 

Lung 
Diseases 

Other 
Diseases 

Total 

241 

534 

954 

1,729 

Densely  populated  part  

510 

I.544 

1,798 

3.752 

Dr.  H.  Liefmann,*  commenting  upon  Ascher's 
results, t  says:  "Although  the  statistical  results 
would  scarcely  be  capable  of  giving  infallible 
proof  of  the  injuriousness  of  smoke,  they  have 
considerable  weight  taken  together  with  other 
material;  and  even  though  a  person  should  not 
be  very  much  impressed  with  the  animal  experi- 
ments, the  strikingly  high  mortality  from  acute 
lung  diseases  among  miners  should  cause  him  to 
reflect  seriously." 

William  Charles  White  and  Paul  Shuey,  in  a 
paper  on  the  influence  of  smoke  on  lung  infec- 
tions,! give  the  results  of  a  series  of  studies  in 
regard  to  the  ratio  between  the  number  of  smoky 
days  and  the  pneumonia  and  tuberculosis  death 
rate  in  several  large  cities  scattered  widely  over 
the  United  States.  They  summarize  the  results 
of  their  investigation  as  shown  by  charts  indicating 
the  number  of  smoky  days  per  year  and  the  death 
rate  from  pneumonia  and  tuberculosis,  as  follows : 

"In  summing  up  these  charts,  which  have  been 
done  as  impartially  as  possible,  the  only  constant 
factor  which  seems  to  have  any  relation  is  the 
smoke;  in  other  words,  where  age  of  settlement, 
number  of  people  per  acre,  and  age  of  incorpora- 
tion have  any  apparent  influence,  this  influence 
must  be  coupled  with  the  number  of  smoky  days 
before  any  satisfactory  conclusion  can  be  drawn. 
It  will  be  seen,  then,  that  if  we  except  Portland 
and  St.  Paul,  there  is  a  general  tendency  of  the 
tuberculosis  death  rate  to  rise  as  the  number  of 
smoky  days  in  the  city  decreases.  On  the  other 
hand,  it  will  be  seen  that  there  is  a  general  ten- 
dency for  the  number  of  deaths  from  pneumonia 
to  fall  as  the  number  of  smoky  days  in  the  city 

*  "  Ueber  die  Rauch-  und  Russfrage  insbesondere  vom  gesundheitlichen  Stand- 
punkte."  (On  the  Smoke  and  Soot  Question,  especially  from  the  Sanitary 
Viewpoint.)  Deutsche  Vierteljahrsschrift  fur  offentliche  Gesundheitspflege, 
Vol.  40,  1908. 

t  See  the  titles  of  Ascher's  works  in  the  Bibliography,  Appendix  701.59. 
Ascher's  tables  have  been  brought  together  in  Appendix  A  of  Cohen  and  Rus- 
ton's  "Smoke,  a  Study  of  Town  Air,"  1912. 

t  "The  Influence  of  Smoke  on  Acute  and  Chronic  Lung  Infections."  Trans- 
actions of  the  American  Climatological  Association,  1913.  Research  carried 
on  in  conjunction  with  the  Smoke  Investigation  of  the  Mellon  Institute,  Uni- 
versity of  Pittsburgh. 


decreases.  In  this  instance,  also,  Portland,  St. 
Paul  and  Boston  must  be  excepted.  There  seems 
to  be  no  definite  relation,  however,  between  the 
number  of  smoky  days  and  the  death  rate  under 
five  years  of  age  in  the  pneumonia  group.  This 
might  readily  be  expected  if  we  consider  as  the 
explanation  of  the  influence  of  smoke  on  pneu- 
monia the  irritative  changes  which  go  on  in  the 
mucous  membrane  of  the  upper  air  passages  as 
the  underlying  factor  in  this  relation,  and  that 
these  changes  would  probably  take  years  in  their 
production,  or,  as  Dr.  Haythorn  has  shown,  the 
pneumonia  difficulty  may  be  largely  one  of  absorp- 
tion of  exudate,  which  anthracosis  by  plugging  the 
lymph  spaces  largely  impedes. 

"In  general,  the  tuberculosis  age-groups  are 
rather  uniform  in  their  relation  to  each  other  when 
one  comes  to  the  study  of  individual  influences; 
probably  nothing  is  more  striking  than  the  differ- 
ence between  the  curve  for  the  total  death  rate 
of  the  white  population  as  opposed  to  the  colored. 
This  is  most  strikingly  seen  in  such  southern  cities 
as  Memphis,  Mobile,  New  Orleans  and  Richmond. 
There  is  a  striking  difference,  also,  in  San  Fran- 
cisco and  Los  Angeles  in  the  total  death  rate  from 
tuberculosis,  due,  likely,  to  importation  from  the 
Middle  West  and  northern  parts  of  the  country. 

"When  one  studies  individual  cities,  one  finds, 
as  in  Pittsburgh,  St.  Louis,  Cincinnati,  Chicago, 
New  Orleans  and  Richmond,  a  noticeable  simi- 
larity between  the  total  pneumonia  death  rate 
and  the  total  number  of  smoky  days.  This  is 
almost  entirely  absent  in  comparing  the  tuber- 
culosis yearly  death  rate,  which  has  persistently 
dropped  in  most  of  the  individual  cities,  save  the 
southern  ones,  in  which  there  have  been  curious 
rises.  It  is  not  our  intention  to  enter  into  ex- 
planation of  this  feature  in  this  paper. 

"We  are  at  a  loss  to  explain  the  high  mortality 
rate  from  tuberculosis  in  Cincinnati,  which  seems 
to  be  out  of  its  place  in  the  general  contour  of 
this  chart. 

"In  Boston,  in  addition  to  the  fact  that  we 
believe  it  out  of  place  from  the  number  of  smoky 
days  from  a  manufacturing  standpoint,  Dr.  Fulton 
had  suggested  in  his  criticism  of  our  former  paper 
that  the  high  pneumonia  death  rate  in  Boston 
was  probably  due  to  the  large  number  of  people 
in  the  pneumonia  ages  (extremes  of  life).  This 
our  age  grouping  has  not  demonstrated,  as  the 
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pneumonia  death  rate  in  all  ages  is  high  in  Boston. 
We  believe  that  the  factor  which  is  absent  in  the 
compilation  of  this  city  is  the  number  of  smoky 
days  in  the  year. 

"Chicago,  on  the  other  hand,  where  Dr.  Fulton 
believes  there  is  a  pneumonia  obsession  in  the 
minds  of  the  physicians,  follows  very  closely  what 
one  would  expect  from  the  readings  of  the  smoky 
days.  As  nearly  as  we  can  find,  Chicago  has  been 
very  careful,  and  since  1910  has  forwarded  its 
certificates  to  Washington,  where  they  have  been 
classified  by  the  Vital  Statistics  Division  of  the 
Census  Bureau  in  order  to  obviate  the  reflection 
of  local  bias. 

"We  believe  that  if  it  were  possible  to  establish 
a  reading  of  smoky  days  on  the  basis  which  Dr. 
Benner  has  established  in  Pittsburgh,  namely,  the 
precipitation  of  soot,  and  have  this  uniform  in 
the  various  cities,  we  would  be  able  to  establish 
a  much  more  intimate  relation  between  the  num- 
ber of  smoky  days  and  the  number  of  pneumonia 
deaths  in  any  city." 

Dr.  Samuel  R.  Haythorn  in  a  discussion  of 
pulmonary  anthracosis*  reports  as  follows: 

"Summarizing  the  various  points  indicating 
the  disease  importance  of  anthracosis  (a  condi- 
tion in  which  carbon  particles  of  extraneous  ori- 
gin are  deposited  in  the  tissues  or  organs,  which 
we  have  gathered  from  histological  evidence, 
we  draw  the  following  conclusions: 

"  i .  Moderate  anthracosis  in  an  otherwise  nor- 
mal lung  is  not  in  itself  detrimental  to  health. 

"2.  In  tuberculosis  and  granulomatous  condi- 
tions in  which  the  reactions  are  chiefly  centered 
in  focal  lesions  of  the  tissues,  the  anthracotic 
condition  is  either  entirely  passive,  or  is  active 
in  assisting  healing,  in  that  it  is  an  additional 
stimulus  to  fibrosis  and  encapsulation  and  in 
that  it  aids  in  the  localization  of  the  process 
through  the  obliteration  of  the  lymph  spaces. 

"3.  In  acute  inflammatory  conditions  where 
the  lymphatics  are  important  for  proper  resolu- 
tion, anthracosis  becomes  seriously  detrimental, 
because  of  the  obliteration  of  these  spaces." 

William  Charles  White  and  C.  H.  Marcy  pre- 
sent the  following  discussion :  t 

"The  chief  fact  which  has  stimulated  our  in- 
terest in  the  pneumonia  problem  in  the  city  of 

*"Some  Histological  Evidences  of  the  Disease  Importance  of  Pulmonary 
Anthracosis."  Journal  of  Medical  Research,  Vol.  29,  1913.  Research  carried 
on  in  conjunction  with  the  Smoke  Investigation  of  the  Mellon  Institute. 
University  of  Pittsburgh. 

t"A  Study  of  the  Influence  of  Varying  Densities  of  City  Smoke  on  the 
Mortality  from  Pneumonia  and  Tuberculosis."  Transactions  of  the  isth 
International  Congress  on  Hygiene  and  Demography,  held  at  Washington, 
1912.  Research  carried  on  in  conjunction  with  the  Smoke  Investigation  of 
the  Mellon  Institute,  University  of  Pittsburgh. 


Pittsburgh  has  been  the  terribly  acute  and  fatal 
type  of  pneumonia  which  fills  the  wards  of  our 
hospitals.  It  can  hardly  be  that  this  severity  of 
infection  has  to  do  alone  with  the  virulence  of 
the  germ;  nor  does  it  seem  likely  that  it  has  to  do 
with  the  generally  low  type  of  resistance  which 
Pittsburghers  have  to  this  type  of  infection; 
rather,  it  seems  more  likely  that  there  must  be 
some  factor  present  in  Pittsburgh  which  does 
not  operate  in  other  cities.  As  we  approached 
this  subject  we  felt  sure  that  we  would  be  able 
to  prove  that  this  factor  was  the  smoke  of  the 
iron  and  steel  mills.  . 

"When  we  attempt  to  analyze  the  city  of 
Pittsburgh  on  the  basis  of  air  content  of  smoke 
and  pneumonia  death  rate,  so  striking  is  the  cor- 
respondence between  the  pneumonia  death  rate 
and  the  smoke  content  of  the  air  of  the  ward 
that  we  are  convinced  that  smoke  is  a  very 
important  factor  in  the  severity  of  the  disease 
and  that  some  other  factor  must  operate  in  those 
cities  where  the  smoke  content  of  the  air  is  not 
the  determining  factor  in  the  pneumonia  death 
rate.  This  correspondence  is  more  striking  even 
when  we  put  in  a  line  showing  that  there  is  no 
definite  bearing  of  such  other  factors  as  poverty, 
race  and  congestion.  When,  however,  one  turns 
to  tuberculosis  and  analyzes  the  death  rate  from 
this  disease  by  wards  and  charts  it  in  comparison 
with  the  smoke  content  of  the  air,  one  finds 
that  there  is  no  association  whatever.  This 
corresponds  with  our  clinical  observations  on  be- 
tween four  and  five  thousand  cases  of  tuberculo- 
sis in  the  last  six  years.  As  the  result  of  this 
clinical  study  we  have  come  to  the  conclusion 
that  the  general  death  rate  from  tuberculosis  in 
Pittsburgh  is  low- — that  there  is  nothing  in  the 
smoke  content  of  the  air  which  in  any  way 
stimulates  the  onset  of  the  tubercular  process 
or  militates  against  the  rapidity  of  recovery  from 
tuberculosis  when  once  contracted. 

"In  other  words,  after  having  made  an  analyt- 
ical study  of  the  relation  of  smoke  in  the  city 
of  Pittsburgh,  where  it  is  possible,  by  virtue  of 
its  contour,  to  separate  the  atmosphere  into 
'densely  laden,'  'moderately  laden'  and  'com- 
paratively no  smoke'  areas,  and  in  such  a  way  as 
to  rule  out  such  influences  as  poverty,  race  and 
congestion,  we  are  forced  to  the  conclusion  that 
the  smoke  content  of  the  air  has  an  apparently 
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important  bearing  on  the  pneumonia  death  rate 
and  comparatively  little  bearing  on  the  tuber- 
culosis death  rate. 

"From  the  careful  analytical  studies  of  the 
character  of  the  smoke  in  the  city  of  Pittsburgh, 
carried  out  by  Dr.  Klotz  and  Dr.  Holman  in 
connection  with  this  same  work,  there  is  added 
a  purely  chemical  and  physical  reason  for  this 
same  conclusion,  for  they  have  found  that  the 
percentage  of  phenol  around  the  carbon,  which 
pollutes  the  air,  is  sufficient  to  destroy  most  or 
many  of  the  organisms  with  which  they  have 
studied  when  suspensions  of  these  are  mixed 
with  suspensions  of  air  smoke. 

"With  this  fact  in  mind,  it  is  probably  legiti- 
mate for  one  to  turn  to  the  pathological  studies 
of  these  two  infections.  Pneumonia  is  a  catarrhal 
condition,  and  a  predisposition  for  it  may  be 
prepared  by  the  irritation  of  the  mucous  mem- 
branes with  foreign  substances;  but  the  second 
(tuberculosis),  being  granulomatous  in  type,  in 
which  the  micro-organisms  are  sequestered  and 
surrounded  by  cells,  the  cure  of  which  is  accom- 
plished by  fibrosis,  may  naturally  be  supposed 
to  be  aided  in  the  direction  of  cure  by  any  deposit 
which  stimulates  granulation  and  fibrosis.  Some 
strength  is  given  to  this  theoretical  view  by  the 
evidence  which  we  have  from  anatomical  studies, 
in  which  we  find  depositions  of  carbon  particles 
around  the  healed  tuberculous  focus." 

Again,  in  his  introduction  to  "Papers  on  the 
Influence  of  Smoke  on  Health,"*  Mr.  White 
writes:  "It  will  be  seen  .  .  .  that  practically 
all  investigators  whose  opinions  are  based  on 
grounds  other  than  theory,  are  agreed  that  smoke 
has  a  tremendous  influence  in  increasing  the 
incident  severity  and  mortality  of  acute  diseases 
of  the  air  passages.  It  would  appear  that  this 
increased  susceptibility  is,  in  part,  the  result  of 
the  lowering  of  our  natural  body  resistance.  In 
simple  terms,  the  smokier  the  atmosphere,  the 
more  the  colds  and  bronchitis,  and  the  more 
money  paid  the  doctors. 

"On  the  other  hand,  the  relation  of  smoke  to 
tuberculosis  is  one  of  greatly  divided  opinion, 
and  the  burden  of  proof  is  that  if  smoke  has  any 
influence  at  all,  it  is  not  a  harmful  one.  The 
work  of  Dr.  Klotz  and  of  Dr.  Haythorn  offers 

*  Bulletin  No.  9,  Smoke  Investigation  of  the  Mellon  Institute,  University 
of  Pittsburgh,  1914. 


some  explanation  of  this  probability.  If  this  be 
the  truth  and  tuberculosis  is  not  influenced  by 
smoky  atmosphere,  it  is  time  to  stop  the  utter- 
ance of  this  popular  fallacy  which  can  do  naught 
other  than  harm  in  sacrificing  the  confidence  of 
the  public  in  those  who  should  guide  them." 

It  has  more  than  once  been  suggested  that 
smoke  produces  its  effects  upon  the  human  organ- 
ism through  some  other  channel  than  the  respira- 
tory organs.  Renkt  seems  to  regard  the  effects 
of  smoke  upon  the  human  organism  as  general 
rather  than  specific,  although  he  names  certain 
specific  effects.  He  says:  "The  gases  designated 
as  poisonous  affect  the  bronchial  passages  very 
little  or  not  at  all,  but  pass  through  these  to  the 
blood  and  by  this  means  affect  the  heart  or  the 
central  organs  of  the  nerves.  Here  also  the  effect 
is  in  proportion  to  the  concentration,  small  quan- 
tities of  gas  causing  slight  disturbances,  while 
larger  quantities  may  lead  to  serious  illness  and 
under  certain  conditions,  to  death.  ...  It  is 
known  that  the  lack  of  palatable  substances  in 
the  nourishment  may  have  an  injurious  effect  on 
the  digestive  organs,  and  we  may  venture  to 
assume  that  the  impurities  in  the  air  may  work 
in  the  same  manner  through  the  sense  of  smell, 
reducing  the  general  state  of  health.  ...  Of 
special  importance  in  this  connection  are  the 
investigations  by  Gruber,  who  found  that  car- 
bonic oxid  which  combines  with  the  hemoglobin 
of  the  blood  is  absorbed  only  in  proportion  to  its 
concentration  in  the  air.  In  experiments  lasting 
several  days  with  a  uniform  proportion  of  carbon- 
ic oxid  there  was  no  advance  in  the  symptoms 
of  poisoning  observed  soon  after  the  beginning 
of  the  experiment,  thus  excluding  the  possibility 
of  accumulation  of  gas  in  the  body." 

Of  the  direct  effect  of  smoke  and  its  constitu- 
ents upon  health  the  evidence  already  adduced 
constitutes  nearly,  if  not  quite  all,  that  has  been 
found  on  the  subject. 

101 .36  Indirect  Effects  of  Smoke  upon  Health : 
A  favorite  theme  of  certain  advocates  of  smoke 
prevention  is  one  relating  to  the  deleterious  effect 
upon  health  of  fogs  which  are  supposed  to  be  due 
largely  to  smoke.  Opinion,  however,  is  not  un- 
divided even  among  English  experts.  Dr.  W.  J. 

tFriedrich  Renk.  "Die  Luft"  (The  Air),  from  "Handbuch  der  Hygiene  und 
der  Gewerbekrankheiten."  (Handbook  of  Hygiene  and  Diseases  Peculiar  to 
Certain  Trades.)  1896. 
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Russell*  of  London,  speaking  of  London  fogs,  says: 
' '  By  far  the  greater  number  of  fogs  occur  when 
there  is  a  great  fall  of  temperature,  and  clearly 
this  is  closely  followed  after  a  few  days  by  a 
Kivat  increase  in  the  death  rate;  but  how  much 
of  this  is  to  be  attributed  to  the  fog  and  how  much 
to  the  fall  in  temperature  may  be  difficult  to 
determine;  but  we  have  evidence  that  when  fogs 
occur  without  fall  of  temperature,  they  do  not 
appear  to  be  followed  by  any  remarkable  increase 
of  death  rate.  On  December  15,  1889,  there  was 
a  dense  fog,  and  the  temperature  was  even  above 
the  average;  under  these  conditions  the  death 
rate  remained  far  below  the  average.  On  Decem- 
ber 13  and  14  in  the  same  year  again  there  was 
a  dense  fog,  an  average  temperature  and  only 
an  average  death  rate;  and  the  same  thing  hap- 
pened on  February  4,  1890,  when,  notwith- 
standing a  dense  fog,  the  death  rate  remained 
remarkably  low;  and  last  winter,  on  November  13 
and  14,  there  was  a  dense  fog,  a  high  tempera- 
ture and  an  average  death  rate.  .  .  .  There  is 
no  case  of  depression  of  temperature  not  followed 
by  increase  of  death  rate.  That  many  people 
suffer  much  both  physically  and  mentally  from 
the  effects  of  fog  there  can  be  no  doubt;  but,  as 
far  as  I  can  interpret  the  returns  of  the  Registrar 
General,  they  do  not  confirm  the  popular  impres- 
sion that  fog  is  a  deadly  scourge.  ...  I  think 
that  the  principal  cause  of  the  great  increase  of 
death  when  fogs  occur  is  attributable  rather  to 
the  sudden  fall  of  temperature  which  usually 
accompanies  fog  than  to  the  fog  itself  or  to 
bacteria.  .  .  .  The  experiments  of  Dr.  Percy 
Frankland  show  that  fogs  do  not  tend  to  concen- 
trate or  nurture  bacteria,  for  he  found  there  were 
remarkably  few  bacteria  in  London  air  during 
a  time  of  fog." 

F.  A.  R.  Russell,  t  a  London  meteorologist  of 
note,  expresses  a  view  somewhat  opposed  to  the 
one  above  stated.  ' '  Great  cold  combined  with  fog 
is  not  productive  of  much  illness  in  the  coun- 
try. In  smoky  towns  the  case  is  far  different. 
Thus,  in  London  the  death  rate  was  raised  in 
a  single  fortnight,  from  January  24  to  Febru- 
ary 7,  1880,  from  27.1  to  48.1  per  1,000.  The 
fatality  and  prevalence  of  respiratory  diseases 

*  "Town  Fogs  and  Their  EBects."     Nature.  Vol.  45.  i<9i. 
t  "The  Atmosphere  in  Relation  to  Human  Life  and  Health."     Smithsonian 
Report,  1895. 


were  enormously  increased.  The  excess  of  deaths 
OVIT  the  average  in  the  three  weeks  ending 
February  14  was  2,994,  and  in  the  week  end- 
ing February  7  the  deaths  from  whooping  cough 
were  unprecedentedly  numerous,  248,  and  from 
bronchitis  they  numbered  1,223.  At  least  30,000 
persons  must  have  been  ill  from  the  combined 
effects  of  smoky  fog  and  cold.  .  .  .  After  a  fort- 
night of  dense  fog  the  deaths  in  London  for  one 
week  ending  January  2, 1892,  exceeded  by  1,484  the 
average  number,  being  at  the  rate  of  42  per  1,000. 
Increases  took  place  in  the  following  diseases: 

PER   CENT 

Measles        114 

Whooping  cough 173 

Phthisis        41 

Old  age         36 

Apoplexy 58 

Diseases  of  the  circulatory  system 106 

Bronchitis 170 

Pneumonia ill 

Other  respiratory  diseases 135 

Accidents 103 

"These  results  are  in  the  main  attributable  to 
the  concentration  of  the  ordinary  constituents 
of  London  air,  with  moisture  and  intense  cold 
to  help  their  deadly  work.  The  majority  of  the 
fatal  cases  were  weakened  constitutions,  though 
many  were  among  the  robust.  The  experience 
of  large  towns  always  is  that  the  power  of  recovery 
after  illness  is  less  within  their  confines  than  in 
the  country.  In  fog,  the  evil  influences  of  town 
air  are  many  times  multiplied."  In  another  place 
Russell  t  says :  ' '  The  influence  on  life  of  a  country 
fog  and  a  London  fog  is  shown  by  the  death  rates 
of  London  and  Croydon  in  the  great  fogs  of  1 880 ; 
in  Croydon,  the  number  of  deaths  rose  only  from 
35  to  36  in  three  weeks,  while,  in  London,  the 
number  rose  to  2,994  above  the  average." 

F.  A.  R.  Russell  evidently  recognizes,  with 
Dr.  W.  J.  Russell,  the  evil  effects  of  the  reduced 
temperature  generally  attending  the  presence  of 
a  fog,  but  he  considers  the  effect  of  fogs  upon 
health  to  be  due  largely  to  the  carbonaceous 
element  contained  in  them. 

Dr.  H.  A.  Des  Vceux.H  an  officer  of  the  Smoke 
Abatement  League  of  Great  Britain,  says:  "In 
the  autumn  of  1909,  Glasgow  was  visited  by  two 
periods  of  smoke  fog,  each  lasting  several  days 

t  "London  Pog  and  Smoke."     London.  1005. 

1  "  Let  There  Be  Light."    Read  at  the  Manchester  Conference  of  the  Smoke 
Abatement  League  of  Great  Britain.  November.  loll. 
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but  separated  by  an  interval  of  a  few  weeks. 
During  the  first  period  the  death  rate  suddenly 
rose  from  18  per  1,000  to  25  per  1,000,  and 
during  the  second  to  33  per  1,000,  although  the 
rate  in  the  surrounding  country  was  hardly 
raised.  It  was  calculated  that  1,063  deaths 
were  attributable  to  the  noxious  conditions." 

Many  students  of  the  subject  have  sought  to 
measure  the  injurious  effects  of  smoke  which 
result  from  its  influence  in  reducing  the  amount 
of  sunshine  and  light. 

W.  L.  Holman,*  in  a  discussion  of  the  bacteri- 
ology of  soot,  gives  the  results  of  a  number  of 
experiments  to  determine  the  bactericidal  action 
of  soot: 

"The  great  natural  disinfectant  of  the  atmos- 
phere and  our  surroundings  is  the  bactericidal 
action  of  the  sun's  rays.  Direct  sunlight  is  most 
destructive  and  its  activity  upon  bacterial  life 
depends  directly  on  the  amount  of  moisture 
and  dust  in  the  air.  .  .  . 

"Smoke,  in  contributing  very  great,  numbers 
of  minute  particles  to  the  air,  adds  to  the  con- 
ditions favoring  fogs  and  clouds.  Smoke,  fogs 
and  clouds,  all  absorb,  more  or  less,  the  blue,  the 
violet  and  ultra-violet  rays  of  the  sunlight. 
This  is  well  seen  in  the  familar  red  sun  of  a  smoky 
atmosphere.  These  particular  rays,  which  are 
absorbed,  give  the  important  bactericidal  action 
to  the  sunlight.  .  .  .  The  effect  of  soot  in  fogs 
and  clouds  in  diminishing  the  action  of  the  sun's 
rays  on  bacteria  is  quite  definite.  The  relative 
importance  of  the  protective  qualities  of  soot 


"i.  Soot  has  a  definite  bactericidal  action  on 
bacteria,  due  either  to  the  absorption  of  moisture 
from  the  organisms  or  more  probably  to  the 
action  of  its  contained  germicidal  acids  and 
phenols. 

"2.  Soot  as  it  exists  in  the  air  does  not  form  a 
favorable  nidus  for  the  collection  and  distribution 
of  bacteria. 

"3.  Broth  and  other  fluids  treated  with  scot 
have  conferred  upon  them  a  decided  germicidal 
power. 

"4.  This  germicidal  action  is  due  not  only  to 
the  acids  contained  in  the  soot  but  also  to  some 
other  agent,  probably  some  of  the  phenols. 

"5.  Soot,  as  it  occurs  in  smoke,  clouds,  fogs, 
and  as  a  non-transparent  covering  for  our  streets 
and  houses,  protects  micro-organisms  from  the 
destructive  action  of  the  sunlight." 

Ronald  C.  Macfie.t  in  discussing  the  effects  of 
air  and  sunlight  on  health,  expresses  the  opinion 
that  the  radio-activity  of  the  atmosphere  has 
important  physiological,  physical  and  chemical 
effects,  and  that  it  is  quite  legitimate  to  surmise 
that  the  radio-activity  of  air,  as  well  as  the  radio- 
activity of  mineral  springs,  has  curative  prop- 
erties. In  clear  weather,  he  states,  the  air  is 
more  radio-active  than  in  dull  weather.  Dr. 
Kister  says:  "The  development  of  smoke  has 
without  doubt  a  bad  effect  upon  the  daylight 
and  sunshine  of  a  place  and,  because  of  the  hy- 
gienic significance  of  sunshine,  is  inimical  to  our 
physical,  or  at  least  our  psychical  welfare.  But 
it  is  not  easy  to  prove  a  direct  injurious  effect  of 
smoke  upon  our  respiratory  organs." 

Dr.  Niven  and  Dr.  Kister  have  compiled  sta- 
tistics showing  the  mortality  from  certain  diseases 
and  the  hours  of  sunshine  for  four  English  cities :  t 


RELATIVE  MORTALITY  OF  MANCHESTER  AND  OTHER  GREAT  TOWNS  FROM  CHEST  DISEASES,  AND  RECORD  OF  SUNSHINE 


Phthisis 

Bronchitis 

Pneumonia 

Sunshine 

(Hours) 

Year 

Man- 
chester 

Bir- 
ming- 
ham 
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London 
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ming- 
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.28 
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.54 
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1.70 
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1.51 

1.40 

2.18 

.72 

.39 

.45 
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1239 

1325 

1459 

1905 

1.56 

.45 

.15 

1.50 

1.85     i     1.68 

1.56 

1.33 

1.62 

.55 

.44 

.53 

1005 

1149 

1432 

1420 

1906 

1.71 

.29 

.05 

1.53 

1:74     i     1.68 

1.46          1.18 

1.59 

.47 

.32 

.45 

1069 

1143 

IMS 

1735 

1907 

1.70 

.29 

.20 

1.51 

2.06 

1.76 

1.76 

1.32 

2.02 

.66 

.70 

.66 

894 
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1428 

1417 

1908 

1.65 

.39 

.28 

1.44 

1.96     i     1.73 

1.95 

1.15 

1.75 

.35 

.59 

.46 

992 

981 

1281 

1634 

1909 

1.70 

.44 

.17 

1.44 

2.00 

1.77 

1.32 

1.35 

1.72 

.46 

.54 

.68 

999 

1129 

1332 

1641 

1910 

1.49 

.25 

.01 

1.28 

1.59          1.51 

1.26 

1.12 

1.40 

33 

.52 

!•.! 

982 

1011 

1380 

against  sunlight  to  the  bactericidal  effect  of  the 
constituents  of  soot  remains  an  open  question." 
The  general  conclusions  of  the  discussion  are 
as  follows : 

*  *'The  Bacteriology  of  Soot."  American  Journal  of  Public  Health,  Vol.  3, 
1913.  Research  carried  on  in  conjunction  with  the  Smoke  Investigation  of 
the  Mellon  Institute,  University  of  Pittsburgh. 


An  examination  of  this  table  will  show  that, 
with  the  exception  of  a  slight  increase  in  pneumo- 
nia in  Sheffield  and  London,  there  was  a  general 
decrease  in  "chest  diseases"  in  the  four  cities; 

t  "Air  and  Health,"  New  York,  1909. 

t  James  Niven,  "The  Relation  of  Smoke  and  Health."  Paper  at  the  Man- 
chester Conference  of  the  Smoke  Abatement  League  of  Great  Britain, 
November,  1911. 
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but  that,  with  the  exception  of  London,  there 
was  no  material  increase  in  the  number  of  hours 
of  sunshine.  The  table,  therefore,  yields  no  facts 
which  indicate  that  the  mortality  rate  from  "chest 
diseases"  is  a  function  of  the  amount  of  sunshine. 
Since  the  city  of  Hamburg  is  one  of  the  gloom- 
iest of  European  cities,  the  effects  there  of  smoke 
on  mortality  would,  other  things  being  equal,  be 
expected  to  be  high.  The  facts  are  presented 
in  the  following  table:* 

MORTALITY  IN  HAMBURG  FROM  NON-TUBERCULOUS  DISEASES 

OP  THE  RESPIRATORY  ORGANS 
(WHOOPING  COUGH  AND  DIPHTHERIA  EXCLUDED) 
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27 
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1900 
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20 
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405 

19 
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21 
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333 

33 
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22 
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422 
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51 
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na 

ua 

44 
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1778       14.24         21.768 

1907 

466 

262 

62 

419 

280 
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1918       15.37        22.709 

The  comment  of  Dr.  Kister  on  these  figures  is 
as  follows :  "  If  we  collect  the  figures  for  Hamburg, 
the  table  shows  no  decrease,  or  perhaps  an  increase 
in  recent  years,  of  deaths  from  other  (namely, 
non-tuberculous)  diseases  of  the  respiratory  organs. 
.  .  .  Even  though  this  fact  cannot  be  referred, 
without  further  investigation,  to  the  development 
of  smoke,  it  is  one  of  the  phenomena  which  must 
be  taken  into  account  in  the  question  of  the 
hygienic  effects  of  smoke." 

That  a  perpetual  or  prolonged  absence  of  sun- 
light or  of  ordinary  daylight  must  have  a  dele- 
terious effect  upon  health  no  one  seems  to  have 
questioned.  A  theory  regarding  the  effects  in 
question  has  been  put  forth  by  the  English 
chemist,  Sir  William  Ramsay,  who  maintains 
the  view  that  smoke,  by  directly  absorbing  light, 
by  aiding  in  the  formation  of  clouds  and  fogs 
which  are  peculiarly  fitted  to  absorb  the  blue,  the 
violet  and  the  ultra-violet  rays,  the  recognized 
germicidal  elements  in  light,  contributes  to  the 
increase  of  pathogenic  bacteria  in  the  atmosphere. 
Ramsay  also  maintains  that  there  is  a  direct  in- 
fluence exerted  by  light  upon  the  human  body, 
and  upon  mental  conditions.  Liefmann,  after 
discussing  the  question  at  some  length,  says, 
"If  we  group  all  these  experiences  in  regard  to 

•  Dr.  Kirter. 


the  significance  of  light  for  our  life  and  health, 
and  concentrate  them  upon  the  problem  which 
here  interests  us,  we  shall  be  led,  in  my  opinion, 
to  the  conclusion  that  a  darkening  of  the  atmos- 
phere of  our  great  cities  is  injurious  to  health 
in  three  ways: 

"i.  An  exciting  impulse  which  influences  our 
disposition  is  weakened  and  the  energy  of  metab- 
olism, especially  as  it  concerns  respiration,  is 
diminished. 

"2.  The  illumination  and  warming  of  the 
earth,  the  water  and  the  air  within  the  precincts 
of  our  great  cities  is  diminished,  and  in  this  way 
a  series  of  hygienically  important  processes  is 
influenced  or  depressed. 

"3.  The  chemical  and  bactericidal  effect  of  the 
sun's  rays  is  decreased  and  thus  bacteria,  especi- 
ally the  pathogenic  ones,  are  permitted  to  thrive. 

"From  this  is  seen  the  significance  of  Ramsay's 
hypothesis  for  the  deterioration  of  the  air  in  our 
large  cities,  even  if  it  is  not  possible  to  determine 
exactly  the  degree  of  injury,  by  preference  in 
figures.  Only  one  question  remains  open,  whether 
indeed  soot  plays  the  prominent  part  which 
Ramsay  assumes,  or  whether  there  may  not  be 
other  factors  of  equally  great  importance.  It 
would  seem  to  me  as  if  smoke  and  dust  were 
co-operative  in  their  injurious  influence  upon 
health  and  that  both  must  be  held  responsible 
for  the  formation  of  cloud  and  fog." 

101.37  Conclusions  Concerning  the  Effects  of 
Smoke  upon  Health:  The  facts  presented  by 
the  preceding  review  of  the  literature  concerning 
the  effects  of  smoke  upon  health  justify  the 
following  conclusions: 

1.  There  is  a  general  agreement  among  sani- 
tary authorities  that  polluted  air  is  harmful  to 
health. 

2.  At  the  present  time  there  is  no  accurate 
method  of  measuring  this  harm,  nor  of  determin- 
ing the  relative  responsibility  of  the  different  el- 
ements which  enter  into  the  mixture  of  gases  and 
solids  commonly  referred  to  as  atmospheric  air. 

3.  The  direct  effects  of  smoke  or  of  any  of  its 
attributes,   including  soot,   dust  and  gases,  in 
amounts  which  may  ordinarily  pervade  the  at- 
mosphere of  a  smoky  city,  are  not  shown  to 
be  detrimental  to  persons  in  normal  health. 

4.  The  direct  effect  of  smoke  upon  those  who 
are  ill  has  been  most  extensively  studied  in  con- 
nection  with   tuberculosis  and   pneumonia.     It 
appears  that  smoke  does  not  in  any  way  stimu- 
late  the   onset  of   the   tubercular   process  nor 
militate  against  the  rapidity  of  recovery  when 
once  this  disease  has  been  contracted,  but  that 
it  has  a  direct  antiseptic  effect  and  tends  to 
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localize  the  disorder.     In  cases  of  pneumonia  the 
effect  becomes  seriously  detrimental. 

5.  In  addition  to  these  direct  effects,  indirect 
effects  result  from  the  diminution  of  sunlight 
and  the  increase  in  fogs,  clouds  and  haze. 

6.  The  general  physical  tone  is  lowered  as  the 
result  of  long  continued  breathing  of  polluted  air. 

EFFECTS   OF   SMOKE   UPON   VEGETATION 

101.38  Direct  Effect  of  Smoke  upon  Vege- 
tation: The  effect  of  coat  smoke  on  vegetation 
has  been  investigated  with  results  which,  so  far  as 
they  go,  are  definite.  Prof.  A.  G.  Ruston*  has  an- 
nounced tha*t  the  ' '  main  detrimental  effects  of  air 
pollution  by  coal  smoke  upon  vegetation  are: 

"  i .  The  cloud  of  smoke  blocking  out  the  sun- 
light and  thus,  in  some  cases,  reducing  the  avail- 
able solar  energy  by  40  per  cent. 

"2.  The  thick  deposit  on  the  leaves  of  plants 
and  trees  still  further  blocking  out  the  light. 

"3.  The  choking  of  the  stomata  by  the  tarry 
glutinous  matter,  thus  tending  to  asphyxiate 
the  plant  and  effectively  checking  its  power  of 
assimilation  of  carbon  dioxid. 

"4.  The  presence  of  free  acids  in  the  air  fall- 
ing on  the  soil  which  certainly,  so  far  as  grasses 
are  concerned,  diminish  the  yield,  make  them 
less  digestible  and  in  other  ways  lower  their 
feeding  value,  while  they  also  have  a  very  detri- 
mental effect  on  the  bacterial  life  in  the  soil. 

"5.  The  presence  of  free  acids  in  the  air, 
tending  generally  to  lower  the  vitality  of  the 
plant." 

Statements  agreeing  with  the  above,  though 
perhaps  less  explicit,  have  been  made  by  other 
investigators,  including  Professor  Wislicenus  of 
Tharandt,  Saxony,  Miss  Agar,  Landscape  Gardener 
to  the  Metropolitan  Public  Gardens,  London,  Dr. 
William  Trelease,  formerly  of  the  Missouri  Botan- 
ical Gardens,  St.  Louis,  now  Professor  of  Botany, 
University  of  Illinois,  and  Professor  Cohen  of 
Leeds  University. 

A  series  of  extended  experiments  to  show  the 
effects  of  smoke  on  vegetation  were  made  in 
England  by  Professors  Crowther  and  Ruston  t 
in  1908.  Professors  Cohen  and  Ruston  t  of  the 
Agricultural  Department  of  Leeds  University 
(England)  have  studied  experimentally  the  effects 

*"Air  Pollution  by  Coal  Smoke  and  its  Effects  on  Vegetation."  Paper 
read  at  the  Smoke  Abatement  Conferences.  London,  1912. 

t  Charles  Crowther  and  Arthur  G.  Ruston.  "Nature,  Distribution  and 
Effects  upon  Vegetation  of  Atmospheric  Impurities  in  and  near  an  Industrial 
Town."  Journal  Agricultural  Science,  London,  March  25, 1911. — Also.  "Smoke, 
a  Study  of  Town  Air,"  pp.  46-51. 

f'Smoke,  a  Study  of  Town  Air,"  London,  1912. 


of  atmospheric  impurities  on  the  yield  of  various 
crops.     Dr.  Trelease  submits  the  following: If 

"That  plants  are  injured  or  killed  by  smoke  is 
well  known  to  students  of  vegetable  pathology. 
Sometimes,  as  with  greenhouse  plants  during  a 
London  fog,  the  injury  is  acute,  the  foliage  wilts, 
becomes  spotted  or  falls,  and  the  plants  die  or 
have  to  recover  condition  by  a  struggle.  With 
trees  and  shrubs  it  sometimes  shows  acute  symp- 
toms but,  on  the  other  hand,  may  reveal  itself 
only  in  chronic  weakness  resulting  in  death  after 
even  a  prolonged  period  of  years.  On  the  rapidity 
of  this  result  the  general  health  of  the  plant  and 
its  nutrition  exercise  an  influence  comparable  with 
that  noted  by  medical  men  in  chronic  human 
diseases.  A  critical  point  may  thus  be  reached 
by  a  local  increase  in  the  smoke  contents  of  the 
air  in  an  already  smoky  place  or  in  some  impov- 
erished soils. 

"Different  kinds  of  plants  differ  in  their  power 
of  resistance  to  smoke  poisoning,  as  to  other  dis- 
eases. Its  chronic  effects  are  easily  seen  on  such 
evergreens  as  the  spruce,  fir  and  pine;  because— 
aside  from  any  question  of  general  susceptibility— 
their  foliage  is  exposed  to  the  weather  during 
the  entire  season  instead  of  falling  on  the  approach 
of  winter,  while  its  condensed  form  necessitates 
the  presence  of  two,  three  or  in  some  cases  even 
five  or  six  years'  foliage  during  the  season  of  active 
vegetation.  With  progressive  smokiness  of  the 
air,  especially  in  regions  where  a  very  sulphurous 
coal  is  used,  such  leaves  lose  their  vitality  after 
one  or  more  years  until,  as  is  now  generally  true 
in  all  but  the  most  outlying  parts  of  St.  Louis, 
the  branches  carry  only  one  year's  growth  of 
foliage,  less  than  one-half  of  their  normal  supply. 
Under  such  conditions,  since  the  leaves  are  labora- 
tories for  the  manufacture  of  organic  food  out 
of  the  normal  contents  of  the  atmosphere,  it  is 
not  surprising  that  the  trees  dwindle  and  ulti- 
mately die." 

101.39  Effect  of  Smoke  Fogs  upon  Vegeta- 
tion: With  reference  to  the  effect  of  fog,  which 
in  part  may  be  assumed  to  be  due  to  smoke, 
upon  plants  grown  in  the  houses  of  the  botanical 
garden  at  Kew  near  London,  W.  Watson  says:§ 

f  Special  communication  from  Dr.  Trelease,  September.  1912,  Archives  of 
the  Committee.  Vol.  D. 

I  Dr.  W.  J.  Russell.  Appendix  to  "Town  Fogs  and  their  Effects."  Nature, 
Vol.  45,  1891. 
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"The  heavy  fogs  experienced  in  the  last  two  or 
three  winters  injured  many  plants  in  the  houses 
at  Kew.  When  thick  fog  occurred  almost  daily, 
the  injury  it  did  to  many  plants  amounted  prac- 
tHully  to  destruction.  The  leaves  fell  off,  the 
growing  point  withered,  and  in  some  cases,  such 
as  Begonias  and  Acanthads,  the  stems  also  were 
affected.  Flowers,  as  a  rule,  fell  off  as  soon  as 
t  hoy  opened  or  whilst  in  bud.  Almost  all  flowers 
which  expanded  were  less  in  size  than  when  there 
was  no  fog.  The  flower  buds  of  Phalaenopsis,  An- 
graecum,  some  Begonias,  Camellias,  etc.,  changed 
color  and  fell  off  as  if  they  had  been  dipped  in 
hot  water.  In  the  palm-house  bushels  of  healthy 
looking  leaves  which  had  fallen  from  the  plants 
were  gathered  almost  every  morning.  .  .  .  Her- 
baceous plants  as  a  rule  suffered  most 

Plants  in  active  growth  were  more  greatly  affected 
than  others." 

101.40  Effect  of  Smoke  upon  Vegetation  in 
Chicago:  For  the  purpose  of  determining  the 
effect  of  smoke  upon  vegetation  in  Chicago,  a 
circular  letter  was  addressed  to  the  secretary  of 
each  of  the  city's  park  commissions,  containing 
inquiries  concerning  the  experience  of  the  com- 
mission addressed  in  securing  the  development 
of  plants  and  shrubs  in  the  parks  of  the  city. 

Specific  information  was  obtained  from  repre- 
sentatives of  two  commissions  only.  The  sub- 
stance of  one  of  these  is  to  the  effect  that  the 
condition  of  the  atmosphere  in  many  places  in 
Chicago  is  disastrous  to  plant  life,  even  though 
the  best  of  conditions  as  to  soil  and  water  supply 
exist.  The  fact  is  noted  that  on  a  certain  boule- 
vard, where  the  air  is  polluted  by  the  smoke  of 
factories  and  by  the  smoke  of  locomotives  from 
a  roundhouse,  the  result  obtained  in  the  develop- 
ment of  trees,  shrubbery  and  grass  "is  by  no 
means  as  good"  as  it  is  on  either  side  of  this 
locality.  The  fact  is  noted  also  that  in  many 
places  where  plants  were  successfully  grown  25 
or  30  years  ago,  plantings  have  had  to  be  given 
up  in  recent  years  "because  of  the  unpropitious 
atmosphere." 

The  second  response  is  as  follows: 

"In  the  first  place,  the  effects  of  smoke,  dust, 

soot  and  sulphuric  gases  are  injurious  to  plant 

life,  and  the  degree  to  which  they  are  destructive 

depends  upon  the  density  of  these  materials  and 


the  resistant  power  of  the  plants.  In  the  loop 
section,  all  flowering  plants  such  as  geraniums. 
petunias,  cannas,  etc.,  are  v. TV  seriously  affected, 
while  the  foliage  plants  such  as  boxwoods,  col< 
crotons,  pandanus,  etc.,  will  do  very  well.  This 
is  also  true  of  trees  and  shrubs.  Short  lived, 
fast  growing  trees,  such  as  poplars,  willows,  box 
elders,  cottonwoods  and  soft  maples,  will  survive 
and  resist  the  smoke  and  gases  more  readily  than 
the  oaks,  elms,  hard  maples,  chestnuts,  lindens, 
etc.  Of  course,  where  the  trees  are  thoroughly 
syringed,  and  the  oftener  the  better,  so  that  the 
soot  and  smoke  can  be  washed  from  the  leaves, 
they  will  keep  in  better  condition,  but  the  fact 
remains  that  atmospheric  pollution  is  destructive 
to  plant  life,  and  as  stated  above  it  is  destructive 
in  proportion  to  its  prevalence  and  intensity  and 
in  proportion  to  the  delicacy  of  the  plants  in 
question." 

101.41  Conclusions    Concerning    the    Effects 
of  Smoke  upon  Vegetation:    The  literature  of 
the  subject  shows  as-  a  result  of  observation  and 
experiment,  the  following: 

1.  That  smoke  may  exert  injurious  effects  on 
vegetation.     These  effects  may  be  direct  or  indi- 
rect.    The  direct  effects  are  slow  in  asserting 
themselves,  trees  and  plants  exposed  to  them 
gradually  losing  vigor  through  a  series  of  years 
until  they  finally  perish. 

2.  That  the  products  of  combustion  which  are 
most  pronounced  in  their  direct  effects  are  the 
soot  and  tar  discharges  and  the  sulphurous  gases, 
though  injury  may  occur  as  a  result  of  an  in- 
creased acidity  in  the  soil  caused  by  smoke. 

3.  That  the  indirect  effects  appear  as  a  result 
of  fogs  induced  by  smoke,  the  occurrence  of  which 
has  sometimes  injured  or  destroyed  tender  plants. 

4.  That  no  basis  is  supplied  upon  which  to 
judge  the  amount  of  smoke  which  is  necessary  to 
bring  about  injurious  results ;  the  effects  described 
are  generally  such  as  have  attended  exposure  to 
severe  conditions. 

LOSS  AND   DAMAGE  TO  PROPERTY 

101.42  Smoke    as    a    Source    of    Loss    and 
Damage:     All  available  literature  bearing  upon 
the  subject  of  smoke  as  a  source  of  loss  and  damage 
to  property  has  been  studied  for  the  purpose  of 
establishing,  if  possible,  a  basis  upon  which  to 
determine,  with  reasonable  accuracy,  the  extent 
of  such  damage  in  the  city  of  Chicago.    While  such 
a  basis  has  not  been  found,  the  more  important 
facts  which  have  been  revealed  are  herein  set  forth. 
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101.43  Effect  of  Smoke  upon  Building  Mater- 
ials :  The  effect  of  smoke  upon  building  materials 
has  received  frequent  notice.  Dr.  Samuel  Rideal, 
in  a  paper  entitled  "Acids  of  Smoke,"*  states,  "It 
has  been  shown  by  many  analyses  that  the  sur- 
face of  stone  buildings  and  outside  sculptures 
becomes  converted  into  a  crust  of  sulphate,  and 
along  with  the  corrosion  there  is  a  roughening 
on  which  carbon  settles,  making  the  well-known 
black  streaks  or  stains."  Prof.  H.  Jackson t  of 
King's  College,  London,  examined  certain  stone 
which  had  been  exposed  to  atmospheric  pollution 
and  submitted  a  report  which  showed  the  action 
of  sulphuric  acid  to  be  responsible  for  appreciable 
disintegration.  The  stone  in  question  consisted 
of  calcium  carbonate  in  granules,  bound  together 
by  small  quantities  of  calcium  and  aluminium 
silicate.  It  was  noted  that  fairly  extensive  chem- 
ical action  had  taken  place  on  the  outside  of  the 
stonework  but  that  the  corrosion  had  not  pene- 
trated very  deeply. 

Dr.  J.  E.  Wallace  Wallin  says:  t  "Smoke 
defaces,  disfigures  or  destroys  buildings  and  re- 
stricts the  styles  of  architecture.  The  sulphuric 
acid,  particularly,  corrodes  or  disintegrates  prac- 
tically all  kinds  of  building  materials  (slate  and 
granite  possibly  excepted).  Marble  tends  first 
to  turn  green  and  then  black;  limestone  deteri- 
orates very  rapidly,  turning  to  gypsum  owing  to 
its  great  affinity  for  sulphur.  The  absorption  of 
sulphur  causes  the  stone  to  expand,  thus  rendering 
it  soluble  and  powdery  so  that  particles  are  con- 
stantly washed  or  blown  away.  The  very  best 
stone  obtainable  was  used  in  the  new  additions 
to  the  Houses  of  Parliament  in  London,  and  every 
care  suggested  by  modern  science  was  taken  to 
preserve  the  materials,  yet  the  buildings  were 
much  eroded  after  a  few  years.  ...  In  the 
city  of  London  650  tons  of  soot  have  been  depos- 
ited per  square  mile  of  ground  surface,  and  soot 
deposits  three-fourths  of  an  inch  thick  have  been 
scraped  from  cornice  projections.  The  beauty 
of  the  architectural  views  consists  in  the  dis- 
tinctness of  the  outlines.  Soot  deposits  conceal 
the  artistic  effects  not  only  on  stone  and  brick 
but  also  on  wood.  The  difficulty  cannot  be 
entirely  overcome  by  cleaning,  because  cleaning 

*  Journal  Royal  Sanitary  Institute,  Vol.  27,  1006-07. 

t  Cohen  and  Ruston,  "Smoke,  a  Study  of  Town  Air,"  1912. 

{"Psychological  Aspects  of  the  Problem  of  Atmospheric  Smoke  Pollution." 
Bulletin  No.  3,  Smoke  Investigation  of  the  Mellon  Institute,  University  of 
Pittsburgh,  1913. 


tends  to  remove  the  sharp  edges  and  outlines. 
Moreover,  preservatives  for  water-proofing  often 
leave  an  unpleasant  color  and  frequently  are  not 
effective  unless  18  or  20  coats  are  applied  (for 
example,  of  bary ta- water) .  .  .  . 

"The  influence  of  smoke  on  metal  work  is 
equally  pernicious.  The  sulphuretted  hydrogen 
in  smoke  blackens,  disfigures  or  tarnishes  nearly 
all  metals.  Copper  and  bronze  rapidly  darken, 
iron  rapidly  corrodes,  aluminum  is  affected  by 
vapors  and  acids,  many  metals  become  pitted 
from  electro-chemical  action,  and  even  gold  or 
gilded  articles  become  dull.  Gilt  titles  on  books 
will  fade  in  the  city  while  retaining  their  luster 
in  the  country.  Bright  and  uneven  metallic 
surfaces  may  also  become  coated  with  a  mottled, 
sooty  smear.  To  keep  sign  plates  or  any  metal 
work  bright  and  shiny  requires  constant  work  in 
smoky  cities.  The  protective  coatings  used  are 
not  entirely  satisfactory  because  they  tend  to 
crack  or  to  peel  off,  or  to  leave  pin  holes.  Con- 
stant cleaning  entails  large  expense  both  because 
of  the  labor  required  and  because  of  the  wear  on 
the  metal.  Rather  than  assume  this  added  bur- 
den of  expense,  merchants  in  smoky  cities  tend  to 
minimize  the  use  of  brilliant  metallic  ornaments. 
In  consequence,  such  cities  often  lack  that  polished 
metallic  splendor  which  is  one  of  the  charms  of 
the  tourist  cities  of  the  earth." 

The  deleterious  effect  of  smoke  upon  metallic  sur- 
faces, objects  of  virtu  and  architecture  is  recognized 
as  appreciable,  but  it  has  not  been  possible  to 
arrive  at  any  definite  measure  for  such  damage. 

101.44  Investigations  in  American  Cities:  In 
1909,  a  Committee  on  Smoke  Prevention  appoint- 
ed by  the  Cleveland  Chamber  of  Commerce  pre- 
sented a  report  of  its  investigation  which  esti- 
mated the  annual  financial  loss  to  the  city  at 
about  $12.00  per  capita.  The  active  work  in 
connection  with  the  compilation  of  data  was 
confined  to  a  period  of  three  or  four  months 
in  the  spring  and  summer  of  1909.  Since  then 
a  number  of  American  cities  have  conducted  sim- 
ilar investigations,  notably  Pittsburgh,  Chicago 
and  Cincinnati  and,  while  these  have  arrived 
at  conclusions  varying  in  detail  from  those 
arrived  at  in  Cleveland,  the  Cleveland  ratio  has 
been  the  basis  of  comparison.  The  results  ob- 
tained in  Cleveland,  however,  must  be  accepted 
as  suggestive  only. 
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101.45  Investigations  Conducted  with  Refer- 
ence to  English  Cities:     In  London  and  Man- 
chester, England,  attempts  have  been  made  to 
estimate  losses  due  to    smoke,   but    in   neither 
case  can  the  results  be  regarded  as  satisfactory. 
Tin'  per  capita  loss  arrived  at  was  considerably 
lower   than    that   of   American    cities,    but    the 
figures,   as  in  the  case  of  Cleveland,   must  be 
considered  as  purely  suggestive. 

101.46  Significance  of  the  Results :    From  the 
study  that  has  been  made  of  the  literature  of  the 
subject,   it  appears  that  the  loss  and  damage 
caused  by  smoke  may  be  divided  into  three  gen- 
eral classifications: 

1.  Extra  maintenance  cost. 

2.  Higher  depreciation. 

3.  Direct  loss  of  value. 

It  is  evident  from  the  records  that  there  are 
many  variable  and  indeterminate  factors  entering 
into  estimates  covering  these  items.  No  attempt 
seems  to  have  been  made  to  separate  the  damage 
due  to  smoke  from  that  due  to  other  sources  of 
atmospheric  pollution.  It  is  evident,  also,  that 
little  if  any  allowance  has  been  made,  in  accepting 
estimates  of  interested  individuals,  for  the  obvi- 
ously natural  tendency  to  ascribe  to  atmospheric 
pollution  the  deterioration  due  to  obsolescence 
and  decrepitude,  which  must  be  regarded  as 
more  important  factors  in  depreciation  in  our 
large  cities  than  in  those  communities  where  life 
is  less  complex. 

101.47  Work  of  the   Chicago  Association  of 
Commerce  Committee  of  Investigation  on  Smoke 
Abatement  and  Electrification  of  Railway  Ter- 
minals:    The  advisability  of   attempting  to   or- 
ganize an  investigation  which  would  lead  to  more 
definite  results  than   those  developed  by  other 
investigators  was  considered  by  the   Committee. 
A  circular    letter  was  prepared  and  sent  to   a 
carefully  selected  list  of  apartment  house  owners, 
agents  of  office  buildings,  wholesale  and  retail 
merchants,  manufacturers,  associations,    schools 
and  colleges,  newspapers  and  periodicals,   libra- 
ries, hospitals  and  public  institutions.     The  list 
included    about    800    names.     The    letter    was 
not    a    request    for    data    but    for   suggestions 
concerning  methods  to  be  employed  in  securing 
data.     The  questions  asked  were  as  follows: 

i.  In  your  opinion  would  it   be  practicable 
to    determine    with    a    considerable    degree    of 


accuracy,  the  amount  of  loss  and  damage  i* r 
annum  to  your  building  and  its  contents,  sep- 
arately, caused  by  the  products  of  combustion 
(smoke)  and  other  pollutions  of  the  atmos- 
phere, as  dust,  dirt,  fumes,  etc.? 

2.  If  (i)  would  be  practicable,  would  it  also  be 
practicable  to  segregate  the  estimated  amount 
of  the  loss  and  damage  caused  by  smoke  from 
the  loss  and  damage  caused  by  other  pollutions 
of  the  atmosphere,  as  dust,  dirt,  fumes,  etc.? 

3.  What  method  or  system  would  you  sug- 
gest for  determining  the  loss  and  damage  per 
annum  caused  by  smoke  (products  of  combustion) 
and  by  other  pollutions  of  the  atmosphere  in 
each  of  the  following  cases? 

a.  Exteriors  of  large  office  or  business  build- 
ings. 

b.  Interiors    of    large    office    or     business 
buildings,  exclusive  of  furnishings. 

c.  Furnishings  of  interiors  of  large  office  or 
business  buildings. 

d.  Merchandise  products,   or  articles  such 
as  you  handle. 

The  replies  to  this  letter  were  few  and  unsat- 
isfactory. They  served,  however,  to  emphasize 
the  fact  that  any  investigation  designed  to  dis- 
close, with  a  reasonable  degree  of  accuracy,  the 
extent  of  the  loss  and  damage  resulting  from 
smoke  in  Chicago  would  need  to  be  elaborately 
organized.  It  appeared  to  the  Committee  that 
the  promise  of  a  successful  issue  was  not  such  as 
would  justify  the  time  and  expense  that  would 
be  involved. 

101.48  Conclusions  Concerning  Smoke  as  a 
Source  of  Loss  and  Damage  to  Property :  Fullest 
consideration  of  the  various  phases  of  the  entire 
problem  as  set  forth  by  the  literature  of  the 
subject  and  by  the  studies  of  the  Committee 
emphasizes  the  following: 

1.  Many  of  the  facts  involved  are  variable  or 
indeterminate. 

2 .  Concerning  the  sources  of  loss  and  damage 
occasioned  by  smoke  the  following  is  to  be  noted : 

a.  The  loss  and  damage  caused  by  the 
gaseous  products  of  combustion  are  due  chiefly 
to  their  sulphur  content.  The  investigations 
of  the  Committee  show  that  the  extent  to 
which  sulphur  appears  in  such  gases  depends 
upon  the  composition  of  the  fuel  and  not  to 
any  great  extent  upon  the  manner  in  which  it 
is  burned.  Loss  and  damage,  therefore,  aris- 
ing from  the  gaseous  products  of  combustion 
are  a  function  of  the  kind  and  quantity  of 
fuel  burned. 

6.  The  extent  of  loss  and  damage  arising 
from  the  solids  in  smoke  will,  other  things 
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being  equal,  depend  upon  the  character  of  the 
solids.  For  example,  solids  in  the  form  of  soot 
and  oily  distillates  of  fuel  soil  and  deface  more 
quickly  than  solids  in  the  form  of  coke  or  ash 
particles.  The  former  are  characteristic  of 
smoke  from  low  temperature  fires,  such  as 
those  of  domestic  service ;  the  latter  are  char- 
acteristic of  smoke  from  high  temperature  fires, 
such  as  those  of  high  pressure  steam  boilers 
and  steam  locomotives. 

3.  An  attempt  to  define  the  extent  of  losses 
regardless  of  the  manner  in  which  they  arise  at 
once  discloses  the  lack  of  a  definite  or  reliable 
standard  of  measure.     It  cannot  be  assumed,  for 
instance,  that  a  large  city  ought  to  be  as  clean 
as  a  country  village,  nor  can  any  ratio  of  clean- 
liness be  established.     It  is  obvious  that   the 
diversified  activities  of  the  larger  communities 
are  productive  of  a  greater  degree  of  street  dust 
and  other  forms  of  atmospheric  pollution,  as  well 
as  of  smoke,  than  those  of  the  small  towns.     The 
large  cities  are,  in  most  cases,  more  congested 
than  the  small  ones,  and  this  congestion  is  in 
itself  productive  of  a  greater  degree  of  atmos- 
pheric pollution   whether  of  a   preventable  or 
unpreventable  nature. 

4.  In  view  of  the  many  complex  and  variable 
factors  involved,  any  attempt  to  secure  an  accu- 
rate or  satisfactory  solution  of  the  problem  must 
be  elaborately  organized  and  conducted.     The 
organization  and  conduct  of  such  an  investigation 
falls  outside  of  the  purposes  of  this  Committee's 
investigations. 

101.49  Conclusions  to  be  Drawn  from  a  Study 
of  the  Literature  Relating  to  Smoke  Abatement 
in  Large  Cities :  Smoke  abatement  in  large  cities 
has  been  a  matter  of  public  interest  for  many 
years  and  the  literature  on  the  subject  is  extensive. 
It  presents  evidences  of  wide  differences  in  the 
practice  of  cities  in  their  efforts  to  secure  relief 
from  smoke,  and  many  points  of  disagreement  in 
the  opinions  of  experts  as  to  the  effects  produced 
by  smoke.  This  condition  emphasizes  the  fact 
that  the  art  of  smoke  abatement  has  not  as  yet 
been  fully  developed,  and  that  much  in  the  nature 
of  scientific  research  and  investigation  remains  to 
be  accomplished  before  definite  standards  of 
practice  can  be  established. 

The  more  important  facts  and  conclusions  which 
seem  to  be  generally  accepted,  or  which  are  justi- 
fied by  the  weight  of  the  evidence  presented,  have 
been  set  forth  in  the  concluding  paragraph's  of 
each  section  of  this  review.  These  may  be  sum- 
marized as  follows: 

i.  Definite  evidences  of  interest  in  smoke 
abatement  date  back  six  centuries  or  more  to 
the  time  of  Edward  I  (1272-1307)  in  England. 


The  first  authentic  information  relating  to 
the  use  of  coal  is  contained  in  complaints 
against  it  as  a  nuisance. 

2.  The  British   Parliament,   in   1819,   ap- 
pointed a  Select  Committee  to  study  and 
report  upon  the  matter  of  smoke  abatement. 
Since  that  date,  there  have  been  innumerable 
discussions  and  reports  of  investigations  and 
the  mass  of  literature  has  grown  with  great 
rapidity. 

3.  Two  conceptions  of  the  meaning  of  the 
word  "smoke"  exist.     The  usual  and  pop- 
ular conception  regards  smoke  as  the  visible 
exhalation    of    a    burning    substance.     The 
other  conception  takes  account  of  all   the 
products   of   combustion,    both   visible   and 
invisible,  solid  and  gaseous. 

4.  Smoke  becomes  an  object  of  concern 
to    the    city    smoke    inspector   immediately 
upon  being  discharged  from  the  stack.     It 
is  assumed  to  be  objectionable  in  direct  pro- 
portion   to    its    visible    density.     The    con- 
trolling   factors    in    smoke    inspection    are: 

a.  The  requirements  laid  down  by  the 
ordinance,  under  which  action  proceeds, 
as   to   the   character   of    non-permissible 
smoke,   as,  for  instance,  "dense  smoke" 
or  "black  smoke." 

b.  A  standard    by    which    smoke    dis- 
charges may  be   evaluated  in   terms   to 
meet  the  requirements  of  the  ordinance. 

c.  The  means  by  which  smoke  observa- 
tions may  be  made  and  recorded. 

5.  A  survey  of  the  atmosphere  of  several 
of  the  world's  great  cities  shows  an  improve- 
ment in  atmospheric  conditions  during  recent 
years.     It  shows  also  that  Chicago  suffers 
less  from  the  effects  of  smoke  than  certain 
other  large  cities  of  this  and  other  countries. 

6.  The  comparison  of  the  air  of  cities  with 
that   of   the   country   has   revealed   charac- 
teristics which  may  and  apparently  must  be 
attributed  to  the  smoke  of  the  cities;  but 
it  has  also  been  shown  that  they  may  in  part 
be    attributed    to    other    sources,    as,    for 
example,  leakage  from  gas  mains,  the  pollu- 
tion due  to   sewers,  the  dust  of  the  streets 
and  decaying  organisms.      Air  analysts  have 
admittedly  not   been   able  to  separate   the 
products  of  combustion  as  dispersed  in  the 
air  from  other  agents  of  air  pollution. 

7.  The  industrial  activity  of  all  important 
cities  has  brought  about  an  increase  in  coal 
consumption    which    is    greater    than    the 
increase    in    population.     Smoke   formation 
and  the  consequent  pollution  of  the  atmos- 
phere by  smoke  have  in  recent  years  tended 
to  increase,  and  have  done  so  except  so  far 
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as  the  adoption  of  various  means  in  smoke 
prevention  have  proved  effective.  The  fact 
is  repeatedly  pointed  out  that,  in  securing 
results  of  scientific  value  for  use  in  abating 
smoke,  no  one  individual  and  no  one  city 
ran  aeeomplish  the  work  that  must  be  done. 
The  observations  must  be  numerous  and  must 
extend  over  decades. 

8.  The    fact    appears    firmly    established 
that  there  is  a  well  defined  relation  between 
smoke   and  fog  and   that  the  presence  of 
smoke  induces  fog.     It  is  agreed  that  sun- 
shine is  a  function  of  the  amount  of  smoke 
present  in  the  atmosphere. 

9.  Certain  investigations  have  shown  that 
the  amount  of  carbon  dioxid  in  the  atmos- 
phere of  cities  is,  as  a  rule,  only  about  one 
per  cent  greater  than  that  in  country  air. 
The  sulphur  compounds  in  city  air  usually 
form  a  more  important  constituent  than  is 
the  case  in  country  air.     Sulphur  compounds 
in  the  atmosphere  are  generally  due  to  the 
combustion  of  coal. 

10.  Among   the    sources   of   pollution    of 
city  air  by  smoke,  the  world  over,  domestic 
chimneys    are    conspicuous.     The    mention 
of  them  by  observers  and  students  is  much 
more   frequent    than    the   mention   of   any 
other  source. 

11.  The    most    successful    means    which 
have  been  employed  to  abate  smoke  have 
included  not  only  legal  prohibition  but  also 
the  development  of  co-operative  and  educa- 
tive measures. 

12.  The  mechanical  and  physical  means  in 
smoke  abatement  which  are  suggested  in  the 
literature  on  the  subject,  not  all  of  which 
can  be  accepted  as  practicable,  include: 

a.  The  removal  of  fuel  consuming  in- 
dustries to  points  remote  from  the  city. 

b.  The  construction  of  smoke  sewers  or 
community  chimneys  of  such  size    and 
height  as  to  permit  of  directing  the  dis- 
charges of  many  flues  into  one  stack  and 
thereby  delivering  the  combined  stream 
far  above  the  city. 

c.  The  establishment  of  central  heating 
and  power  plants. 

d.  The  employment  of  devices  for  wash- 
ing smoke  discharges  before  their  emission 
into  the  atmosphere. 

e.  The    condensation    and    deposition 
of  smoke  particles  by  means  of  electric 
devices. 

/.  The  abolition  of  many  small  coal  fires 
through  an  extension  of  the  use  of  gas 
and  electricity. 

g.  Improvement  in  methods  of  firing. 


M.  Fires  of  bituminous  coal  may  be 
maintained  without  becoming  sources  «<i 
visible  smoke,  providing  certain  principles 
are  recognized  in  the  design  of  furnaces  and 
in  the  manner  in  which  they  are  fired. 

14.  It    is    possible    to    secure    smokeless 
combustion  of  fuel  in  fires  under  stationary 
boilers  by  hand-firing,  though  such  a  result 
implies  careful  supervision. 

15.  Most  mechanical  stokers  and  methods 
of  stoking  which  serve  to  distil  and  consume 
the  volatile  products  contained  in  the  fuel 
are  generally  approved  as  a  means  in  smoke 
abatement  where  bituminous  or  other  coals 
high  in  volatile  matter  are  used. 

1 6.  With  reference  to  the  effects  of  smoke, 
the  following  conclusions  seem  justified  by 
the  literature  on  the  subject: 

a.  There  is  a  general  agreement  among 
sanitary  authorities  that  polluted  air  is 
harmful  to  health,  but  at  the  present  time 
there  exists  no  accurate  method  of  measur- 
ing   this   harm    nor   of  determining   the 
relative  responsibility  of  the  different  ele- 
ments which  enter   into   the   mixture   of 
gases  and  solids  commonly  referred  to  as 
atmospheric  air. 

b.  The  direct  effects  of  smoke  or  of  any 
of  its  attributes,  including  soot,  dust  and 
gases,  in  amounts  which  may  ordinarily 
pervade  the  atmosphere  of  a  smoky  city 
are  not  shown  to  be  detrimental  to  persons 
in  normal  health,  but  the  general  physical 
tone  is  lowered  as  the  result  of  long  con- 
tinued  breathing  of  polluted  air. 

c.  The  direct  effect  of  smoke  upon  those 
who    are  ill  has   been    most    extensively 
studied  in  connection  with  tuberculosis  and 
pneumonia.     It  appears  that  smoke  does 
not  in  any  way  stimulate  the  onset  of  the 
tubercular  process  nor  militate  against  the 
rapidity  of  recovery  when  once  this  disease 
has   been  contracted,  but  that   it  has  a 
direct  antiseptic  effect  and  tends  to  localize 
the  disorder.     In  cases  of  pneumonia,  the 
effect  becomes  seriously  detrimental. 

d.  The  tarry  matter  and  sulphur  com- 
pounds present  in  coal  smoke  have  been 
shown   by   experiments  to  affect   certain 
classes    of    vegetation    when    applied    in 
sufficient  quantities. 

e.  Smoke  is  popularly   regarded    as   a 
source  of  loss  and  damage  in  its  effects 
upon  building  materials,  objects  of  virtu, 
clothing  and  other  property.     While  these 
effects  of  smoke  seem  obvious,  it  has  not 
been    possible    to  estimate    their    extent 
with  any  degree  of  accuracy. 
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SYNOPSIS:  Public  interest  in  smoke  abatement  has  been  active  in  Chicago  for  a  period  of 
40  years  or  more.  It  has  been  discussed  by  newspapers,  by  various  associations  and  by  many 
public  speakers.  The  city  government  first  took  official  cognizance  of  it  in  1881,  when  the  first 
smoke  abatement  ordinance  was  passed.  Since  that  date,  there  have  been  three  other  smoke  abate- 
ment ordinances.  Under  these  ordinances  Chicago  has  developed  a  well  organized  department 
of  smoke  inspection. 


102.01    Public  Interest  in  Smoke  Abatement: 

Smoke  abatement  in  Chicago  has  been  a  subject 
of  public  interest  for  more  than  40  years.  This 
interest  has  found  expression  in  newspaper  dis- 
cussions, in  public  addresses,  in  the  action  of 
unofficial  or  voluntary  societies  and  associations, 
and  in  the  enactment  of  various  ordinances  by 
the  City  Council.  In  1874,  and  for  a  number  of 
years  thereafter,  the  work  of  smoke  abatement 
was  stimulated  by  the  "Citizens  Association,"  a 
voluntary  organization  having  for  its  object  the 
promotion  of  public  welfare.  This  association 
appears  to  have  concerned  itself  chiefly  with  the 
legal  and  legislative  aspects  of  the  problem. 
After  the  first  smoke  abatement  ordinance  was 
enacted,  it  assisted  in  the  prosecution  of  violators, 
and  insisted  that  those  in  charge  of  public  build- 
ings, office  buildings,  schools,  pumping  stations 
and  other  public  institutions  should  not  offend 
the  law.  It  cordially  supported  recommenda- 
tions made  by  the  Mayor  in  1905  regarding  modi- 
fications in  the  methods  of  enforcement  of  the 
smoke  abatement  ordinance,  and  it  conducted 
two  or  three  investigations  which  exerted  an 
influence  upon  the  subsequent  enactment  and 
enforcement  of  legislation. 

In  the  early  days,  there  was  much  discussion 
concerning  the  practicability  of  abating  smoke 
and  the  right  of  the  city  to  require  its  abatement. 
Differences  of  opinion  arose  as  to  the  procedure 
best  calculated  to  bring  about  the  desired  results. 

In  1891,  "The  Society  for  the  Prevention  of 
Smoke"  was  organized  through  the  patronage  of 
a  number  of  public  spirited  citizens.  This  society, 
with  several  other  voluntary  organizations  formed 
at  this  time,  had  for  its  main  purpose  the  physical 
betterment  of  the  city  preparatory  to  the  World's 
Fair  of  1893.  The  officers  and  directors  were 


business  men  of  Chicago  and  the  staff  included 
engineers  and  experts.  The  methods  adopted 
were  educative  and  co-operative.  The  work 
was  vigorously  pushed  and  the  large  expense  in- 
volved was  borne  by  private  subscription.  The 
daily  papers  gave  it  their  constant  and  consistent 
support.  Inspections  and  tests  were  made  of 
plants  which  violated  the  smoke  ordinance,  and 
reports  containing  suggestions  for  changes  in 
equipment,  fuel  or  methods  of  operation  were 
submitted  to  the  owners.  The  effort  was  to 
show  that  no  pecuniary  loss  need  be  involved  in 
the  abatement  of  smoke,  nor  in  the  use  of  smoke 
abating  appliances.  Particular  attention  was 
paid  to  smoke  from  steam  locomotives  and  the 
use  of  several  smoke  abating  devices  was  inaugu- 
rated. The  activities  of  the  society  ceased  in  1893, 
its  work  having  been,  in  a  measure,  accomplished. 
More  recently,  numerous  organizations  have 
interested  themselves  in  the  general  problem 
of  smoke  abatement,  but  have  accomplished  little 
except  in  so  far  as  they  have  stimulated  interest 
in  the  subject.  Few  new  facts  have  been  developed 
but,  in  response  perhaps  to  these  manifestations 
of  public  interest,  a  gradually  developing  train 
of  municipal  legislation  has  appeared,  a  brief 
review  of  which  is  important  in  this  connection. 

102.02  The  Ordinance  of  1881 :  Chicago's 
first  smoke  ordinance  went  into  effect  in  April, 
1 88 1.  It  declared  the  emission  of  "dense  smoke" 
a  public  nuisance;  it  applied  to  all  classes  of  service 
except  private  residences;  it  held  not  only  the 
owners  of  'plants,  but  also  persons  employed  in 
operating  them,  responsible  for  the  violations; 
and  it  fixed  a  fine  of  not  less  than  $5.00  nor 
more  than  $50.00  as  a  penalty  for  each  violation. 
The  ordinance  was  regarded  as  a  health  measure, 
and  its  enforcement  was  made  the  joint  duty  of 
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the  Commissioner  of  Health  and  the  Superin- 
tendent of  Police.  The  ordinance  in  full  is  as 
follows: 

ORDINANCE  OF  1881 

Section  1650.  The  emission  of  dense  smoke 
from  the  smoke-stack  of  any  boat  or  locomotive 
or  from  any  chimney,  anywhere  within  the  City, 
shall  be  deemed  and  is  hereby  declared  to  be  a 
public  nuisance;  provided  that  the  chimneys 
of  buildings  used  exclusively  for  private  resi- 
dences shall  not  be  deemed  within  the  provisions 
of  this  ordinance. 

Section  1651.  The  owner  or  owners  of  any 
boat  or  locomotive  engine  and  the  person  or  per- 
sons employed  as  engineer  or  otherwise  in  the 
working  of  the  engine  or  engines  in  said  boat 
or  in  operating  such  locomotive,  and  the  pro- 
prietor, lessee  or  occupant  of  any  building,  who 
shall  permit  or  allow  dense  smoke  to  issue  or  be 
emitted  from  the  smoke-stack  of  any  such  boat 
or  locomotive,  or  the  chimney  of  any  building 
within  the  corporate  limits,  shall  be  deemed  and 
held  guilty  of  creating  a  nuisance,  and  shall 
for  every  such  offense  be  fined  in  a  sum  not  less 
than  Five  Dollars  nor  more  than  Fifty  Dollars. 
Sections  1650,  1651  and  1652  shall  take  effect 
and  be  in  force  from  and  after  May  i,  1881. 

Section  1652.  It  shall  be  the  duty  of  the  Com- 
missioner of  Health  and  the  Superintendent  of 
Police  to  cause  Sections  1650  and  1651  of  this 
Article  to  be  enforced,  and  to  make  complaint 
and  cause  to  be  prosecuted  all  persons  violating 
the  same. 

This  ordinance  was  sustained  by  a  strong 
public  sentiment,  which  was  aroused  by  the  in- 
creasing quantities  of  smoke  emitted  in  Chicago 
and  by  reports  of  activities  in  smoke  abatement 
in  other  cities,  but  the  means  which  could  be 
made  available  to  secure  the  enforcement  of  the 
ordinance  were  limited.  No  standards  of  density 
were  recognized.  Many  of  the  larger  coal  users 
did  not  believe  it  possible  to  prevent  smoke. 
Besides  these  difficulties,  the  enforcement  of  the 
ordinance  was  made  incidental  to  the  adminis- 
tration of  two  departments  charged  with  other 
large  responsibilities,  and  yet  for  three  years 
following  its  passage  there  was  considerable 
activity  under  it.  During  the  period  from  1881 
to  1884  approximately  4,000  formal  visits  of 
inspection  were  made,  2,000  warning  notices  were 
sent  out  and  a  number  of  suits  were  filed  and 
fines  imposed.  After  1885,  activities  under  the 
ordinance  gradually  decreased,  in  consequence 
no  doubt  of  the  opposition  of  coal  consumers  and 
of  the  imperfect  character  of  the  ordinance  itself. 


During  the  year  1889  only  seven  suits  were  filed. 
With  the  approach  of  the  World's  Columbian 
Exposition  in  1893,  a  revival  of  interest  in  smoke 
abatement  manifested  itself,  and  during  the  Expo- 
sition many  efforts  were  put  forth  to  reduce  the 
smoke  of  Chicago.  By  resolution  of  the  Council, 
individual  offenders  were  called  to  account  for 
permitting  the  emission  of  smoke  from  their 
stacks;  means  whereby  the  ordinance  might  be 
made  more  effective  were  discussed  in  the  Council, 
committees  were  appointed  to  investigate  and  re- 
port, and  resolutions  bearing  upon  many  differ- 
ent aspects  of  the  general  question  of  smoke  abate- 
ment were  passed.  But  with  the  business  depres- 
sion which  followed  the  Exposition,  agitation  of 
the  subject  gradually  subsided. 

In  the  early  years  of  the  present  century,  smoke 
abatement  again  became  an  active  public  issue, 
and,  as  a  result  of  agitation  and  discussion,  a 
new  and  a  better  ordinance  was  proposed.  At  a 
meeting  of  the  Council  in  1902,  the  Committee 
on  Judiciary  recommended  the  adoption  of  an 
ordinance  creating  a  Department  for  the  Inspec- 
tion of  Steam  Boilers  and  Steam  Plants.  This 
was  in  line  with  a  suggestion  made  by  the  smoke 
inspector  in  his  report  for  1894.  On  March  23, 
1903,  the  new  ordinance  was  passed. 

102.03  The  Ordinance  of  1903:  This  ordi- 
nance, creating  a  Department  for  the  Inspection 
of  Steam  Boilers  and  Steam  Plants,  provided  for 
a  Board  of  Inspectors,  consisting  of  a  Chief 
Inspector  of  Steam  Boilers  and  Steam  Plants,  a 
Supervising  Mechanical  Engineer  and  Deputy 
Inspector  of  Steam  Boilers  and  Steam  Plants,  and 
a  Chief  Smoke  Inspector.  It  declared  the  emis- 
sion of  dense  smoke  from  smoke-stacks  or  chim- 
neys, including  those  of  boats  or  locomotives,  a 
nuisance.  It  fixed  the  permissible  duration  of 
emissions  at  three  minutes  in  any  hour,  except 
in  cases  of  cleaning  out  a  fire-box  or  building  new 
fires,  when  six  minutes  were  allowed.  It  made  the 
penalty  for  violations  of  the  ordinance  not  less 
than  $10.00  nor  more  than  $100.00;  no  prose- 
cutions were  to  be  begun  unless,  within  ten 
days  prior  thereto,  at  least  three  notices  should 
have  been  mailed  to  the  offender  advising  him 
that  dense  smoke  had  been  seen  issuing  from  his 
premises.  The  ordinance  provided  also  that  no 
new  steam  plants  should  be  constructed  nor  old 
ones  reconstructed  until  plans  and  specifications 
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had  been  filed  with  and  approved  by  the  Board 
of  Inspectors;  nor  should  new  plants  or  recon- 
structed plants  be  used  without  a  certificate 
from  the  Board  authorizing  such  use.  A  fee 
was  required  for  the  inspections  and  a  penalty 
fixed  for  the  violation  of  either  of  these  specific 
provisions.  Private  residences  (not  including  flat 
or  apartment  buildings  with  more  than  three 
apartments)  were  exempted  from  inspection. 
The  ordinance  further  sought  to  protect  the  public 
by  providing  that  a  fine  of  $100.00  be  imposed 
for  the  making  of  excess  charges  by  inspectors 
or  for  the  issuing  of  certificates  without  actually 
making  inspections,  and  that  the  action  of  the 
offender  be  reported  to  the  Board  of  Civil  Service 
Commissioners.  The  ordinance,  so  far  as  it  relates 
to  smoke,  is  as  follows: 

ORDINANCE  OF  1903 

An  Ordinance 

Creating  a  Department  for  the  Inspection 
of  Steam  Boilers  and  Steam  Plants 

Passed  March  23,  1903 
(Sections  relating  to  Smoke) 

Section  7  —  Chief  Smoke  Inspector:  There 
shall  be  a  Chief  Smoke  Inspector,  who  shall 
be  appointed  by  the  Chief  Inspector  of 
Steam  Boilers  and  Steam  Plants  from  an  elig- 
ible list  prepared  in  accordance  with  the  Civil 
Service  Act  and  the  rules  of  the  Civil  Service 
Commission. 

Said  Chief  Smoke  Inspector,  before  entering 
upon  the  duties  of  his  office,  shall  execute  a  bond 
to  the  City  of  Chicago  in  the  sum  of  five  thou- 
sand dollars  ($5,000.00),  with  two  or  more 
sureties  to  be  approved  by  the  Comptroller,  con- 
ditioned for  the  faithful  performance  of  the 
duties  of  his  office. 

Section  8 — Board  of  Inspectors  of  Steam  Boilers 
and  Steam  Plants:  The  said  Chief  Inspector  of 
Steam  Boilers  and  Steam  Plants,  Supervising 
Mechanical  Engineer  and  Deputy  Inspector  of 
Steam  Boilers  and  Steam  Plants,  and  Chief  Smoke 
Inspector  shall  constitute  the  Board  of  Inspect- 
ors of  Steam  Boilers  and  Steam  Plants. 

Section  10.  The  emission  of  dense  smoke  from 
the  smoke-stack  of  any  boat  or  locomotive,  or 
from  any  chimney  anywhere  within  the  City, 
shall  be  deemed  and  is  hereby  declared  to  be  a 
public  nuisance;  but  no  prosecution  for  the 
emission  of  dense  smoke  shall  be  commenced, 
unless,  within  ten  days  prior  thereto,  at  least 
three  notices  shall  have  been  mailed  to  the 
offender  that  dense  smoke  has  been  seen  emitted 
from  his  premises. 

The  owner,  or  owners,  lessee,  agent  or  manager 
of  any  boat  or  locomotive,  and  the  proprietor, 


lessee  or  agent  of  any  building,  factory,  mill, 
works  or  other  establishment  having  smoke-stacks 
or  chimneys,  who  shall  permit  or  allow  dense 
smoke  to  issue  or  to  be  emitted  from  the  smoke- 
stack of  any  such  boat  or  locomotive,  or  the 
chimney  of  any  building,  factory,  mill,  works, 
or  other  establishment  having  smoke-stacks  or 
chimneys  within  the  corporate  limits,  to  exceed 
three  minutes  (excepting  in  cases  where  the 
fire-box  is  being  cleaned  out  or  new  fire  built 
therein,  in  which  cases  the  limit  shall  be  six 
minutes)  in  any  hour  of  the  day  or  night,  shall 
be  deemed  and  held  guilty  of  creating  a  nuisance, 
and  shall  for  every  such  offense  be  fined  a  sum 
not  less  than  ten  dollars  ($10.00)  nor  more  than 
one  hundred  dollars  ($100.00). 

It  shall  be  the  duty  of  the  Board  to  see  that 
the  boiler  or  boilers,  boiler  setting,  means  of 
providing  draft,  smoke  connections,  and  furnace 
or  fire-box  of  each  boiler  inspected  by  it  are  of 
sufficient  capacity  and  so  constructed  as  with 
proper  management  to  avoid  the  emission  of 
dense  smoke. 

Prosecutions  for  all  violations  of  this  ordinance 
by  persons  allowing  dense  smoke  to  issue  from 
any  chimney  shall  be  brought  by  the  Chief 
Smoke  Inspector,  and  the  prosecutions  for  all 
other  violations  of  this  ordinance  shall  be  brought 
by  the  Chief  Inspector  or  Supervising  Mechan- 
ical Engineer  and  Chief  Deputy  Inspector  of 
Steam  Boilers  and  Steam  Plants  in  the  name 
of  the  City  of  Chicago. 

Provided,  that  no  prosecutions  under  this 
ordinance  shall  be  commenced  against  the 
owner,  or  owners,  lessee,  agent  or  manager  of 
any  boat,  locomotive,  or  the  proprietor,  lessee 
or  agent  of  any  building,  factory,  mill,  works, 
or  other  establishment  having  smoke-stacks  or 
chimneys,  the  plant  of  which  shall  have  been 
installed  prior  to  the  passage  of  this  ordinance, 
until  the  expiration  of  one  year  after  the  passage 
of  this  ordinance,  within  which  to  rebuild  and 
equip  the  same  in  accordance  with  the  provisions 
of  this  ordinance:  Provided,  further,  that  no 
such  owner,  owners,  lessee,  agent  or  manager 
shall  be  entitled  to  said  one  year  unless  he  shall 
at  once  commence  his  plans  for  the  rebuilding 
and  re-equipping  of  such  plant  and  shall  proceed 
with  said  work  to  the  satisfaction  of  the  Board 
upon  inspection  at  intervals  of  three  months 
during  said  period  of  one  year. 

Section  i  r  —  Permits  for  New  Plants:  From 
and  after  the  passage  of  this  ordinance,  no  new 
plants,  nor  any  reconstruction  of  any  old  plants, 
for  producing  power  and  heat,  or  either  of  them, 
nor  any  new  chimney  connected  with  a  steam 
plant,  shall  be  erected  or  maintained  in  the  City 
of  Chicago  until  the  plans  and  specifications  of 
the  same  have  been  filed  in  the  office  of  and  ap- 
proved by  said  Board,  which  plans  and  specifica- 
tions shall  show  the  amount  of  work  and  the 
amount  of  heating  to  be  done  by  the  said  plant 
and  all  the  appurtenances  thereto,  including 
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provisions  for  the  complete  combustion  of  the 
fuel  to  be  used  and  for  the  prevention  ni  smoke. 
and  a  statement  of  the  kind  of   fuel    proposed 
to  be  used.     Said  plans  and  specifications  shall 
also  show  that  the  room  or  apartment  in  which 
said  plant  shall  be  located  is  provided  with  doors, 
windows,   air-shaft,   fans  and    other   means    of 
ventilation  sufficient    to   prevent   the  tempera- 
ture   of    such    room,   apartment,    basement    or 
other    portion    of   such    building    wherein    said 
steam  plant  or  apparatus  is  to  be  used  from 
rising  to  a  temperature  higher  than  one  hundred 
and  twenty  (120)  degrees  Fahrenheit,  or  that 
the  atmosphere  of  any  such  apartment  wherein 
such  apparatus  may  be  located  may  be  entirely 
renewed    every    ten    minutes.     Upon    approval 
of  said  plans  and  specifications,  a  duplicate  set 
of  which  shall  be  left  on  file  in  said  office,  and  the 
payment  of  fees  as  hereinafter  provided,  said 
Board  shall  issue  a  permit  for  the  installation 
of  said  plant  or  said  reconstruction.     Said  per- 
mit shall  state  the  maximum  amount  of  steam 
pressure  to  be  carried.     As  soon  as  the  board 
hereby   created    has   examined   the    plans   and 
specifications  submitted  for  a  new  steam  plant 
in  a  new  building  and  has  issued  a  permit  for 
the   installation   of   same,    it   shall    notify    the 
Commissioner  of  Buildings  to  see  that  the  exe- 
cution of  the  construction  work  on  the  building 
in  which  such  plant  is  to  be  installed  is  carried 
out  in  conformity  with  the  plans  and  specifications 
of  the  proposed  steam  plant  for  the  execution  of 
which  a  permit  has  been  issued,  with  special 
reference  to  the  amount  of  space  to  be  used  for 
such  appurtenances,  the  size  and  construction 
of  the  chimney  or  chimneys  to  be  used  and  the 
provisions  for  ventilation  and  proper  temperature 
in   the  engine  and  boiler  rooms.    .    .    .     [Re- 
mainder of  section  does  not  relate  to  the  subject 
of  smoke.]  • 

Section  12 — Duty  of  Owners:  It  shall  be  un- 
lawful for  any  person  to  use  any  steam  boiler 
or  any  tank  or  tanks  subject  to  steam  pressure 
until  he  shall  have  first  procured  a  certificate 
from  said  Board  that  said  apparatus  may  be 
safely  used  and  that  the  boiler  or  boilers, 
boiler  setting,  means  of  producing  draft,  smoke 
connections,  and  furnaces  or  fire-box  are  of 
such  size  and  capacity  that  they  will  do  the 
work  required,  and  be  capable  of  being  so  man- 
aged for  the  purposes  of  generating  steam  that 
no  dense  smoke  shall  be  emitted  from  the 
chimney  connected  with  such  furnace  or  fire- 
box; provided  that  Paragraph  i  of  Section  12 
shall  not  become  effective  until  thirty  days 
shall  have  elapsed  after  said  owners  shall  have 
been  notified  by  said  Board  that  the  said  Board 
is  ready  to  inspect  their  apparatus,  and  if  it 
meets  requirements  of  the  ordinance  to  grant 
the  certificate  referred  to. 

If  such  owner,  agent  or  person  using  a  steam 
boiler  or  tank  shall  fail  to  notify  said  Board  of 
his  intention  to  make  any  alteration,  repairs 
or  enlargement  of  such  steam  plant  and  shall 


neglect  to  tile  plans  and  s|<ecifirattons  for  the  en- 
largement or  alteration  of  the  same,  and  shall 
proceed  t<>  make  such  alterations,  repairs  or 
enlargement  without  permit  therefor,  he  shall 
be  liable  to  a  fine  of  twenty-five  dollars  ($25.00) 
for  each  day  on  which  he  shall  have  prosecuted 
such  alterations,  repairs  or  enlargement  with- 
out such  permit  and  each  day's  violation  shall 
constitute  a  separate  offense.  Provided,  how- 
ever, that  minor  necessary  repairs  which  do 
not  increase  the  capacity  of  said  apparatus  or 
involve  any  substantial  alteration  of  structure 
may  be  made  by  or  under  the  engineer  in 
charge  of  such  apparatus  without  permit  or 
report  thereof. 

If  at  any  time  when  inspecting  a  steam  boiler, 
generator  or  other  apparatus  used  for  generating 
steam  for  power  or  heating  purposes  the  Inspector 
of  Boilers  shall  find  that  the  furnace  or  fire-box 
in  which  fuel  is  used  for  the  purpose  of  genera- 
ting steam  is  so  constructed  or  operated  as  to 
cause  the  emission  of  dense  smoke  from  the 
chimney  connected  therewith,  he  shall  report 
to  said  Board  the  condition  of  said  plant. 
The  owner  of  the  steam  boiler,  generator  or  ap- 
paratus shall  have  the  right  to  put  in  such 
appliance  or  make  such  alterations  or  use  such 
fuel  as  in  his  judgment  will  prevent  the  emission 
of  dense  smoke,  but  this  shall  not  constitute  a 
compliance  with  this  ordinance  unless  such 
appliance  or  such  fuel  shall  actually  prevent 
the  emission  of  dense  smoke.  But  said  owner 
shall  be  entitled  to  receive  this  advice,  co- 
operation and  assistance  of  the  Department 
for  the  Inspection  of  Steam  Boilers  and  Steam 
Plants,  and  it  shall  be  the  duty  of  the  officers 
of  said  department  to  make  such  further  rec- 
ommendations as  will  in  its  judgment  prevent 
the  emission  of  dense  smoke. 

Provided,  however,  that  this  ordinance  shall 
not  apply  to  boilers,  generators  or  other  appar- 
atus used  in  private  residences  for  generating 
steam  solely  for  heating  purposes;  and  for  the 
purposes  of  this  ordinance  flat  buildings  or 
apartment  buildings  with  more  than  three  apart- 
ments shall  not  be  classed  as  private  residences, 
and  any  steam  boiler,  generator  or  other  appar- 
atus used  for  generating  steam  in  flat  buildings 
or  apartment  buildings  having  more  than  three 
flats  or  apartments  shall  be  subject  to  inspection 
as  hereinbefore  provided. 

Provided,  also,  that  any  boilers  for  heating 
purposes  only,  in  which  the  permit  specifies 
that  not  more  than  ten  pounds  of  steam  pressure 
to  the  square  inch  shall  be  carried,  shall  be 
known  as  "low  pressure  boilers." 

After  the  next  inspection  of  such  boilers  shall 
have  been  made  following  the  adoption  of  this 
ordinance,  inspections  thereafter  shall  be  made 
once  every  three  years.  That  all  of  such  low 
pressure  plants  may  be  inspected  at  any  time' 
thereafter,  and  without  charges,  with  reference 
to  the  provisions  for  draft,  complete  combustion 
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or  degree  of  combustion  of  fuel  and  prevention 
of  the  emission  of  smoke. 

Section  13 — Certificate  Record:  When  an  in- 
spection of  a  boiler  or  boilers,  tank  or  tanks, 
jacket-kettle,  generator  or  generators,  super- 
heater or  superheaters,  or  any  apparatus  using 
steam  under  pressure  has  been  made  and  the 
same  shall  be  approved  by  the  Chief  Inspector 
or  Supervising  Mechanical  Engineer  and  Chief 
Deputy  Inspector  of  Steam  Boilers  and  Steam 
Plants,  he  shall  make  and  deliver  to  the  person 
for  whom  the  inspection  was  made,  upon  the 
payment  of  the  fees  hereinafter  mentioned,  a 
certificate  of  such  inspection,  which  shall  contain 
the  date  of  inspection,  together  with  a  general 
description,  for  what  purpose  used,  the  number 
of  try-cocks,  steam  and  water  gauges,  the  pounds 
pressure  at  which  they  may  be  safely  used ;  which 
certificate  shall  be  framed  and  put  up  in  a  con- 
spicuous place  in  the  engine  or  boiler  room,  and 
a  record  of  the  same  shall  be  made  and  kept  by 
said  Board,  in  a  well-formed  book  or  books,  in- 
dexed alphabetically  or  by  locality.  But  such 
certificate  shall  not  be  a  waiver  of  liability  in 
case  of  any  prosecution  for  the  making  of  dense 
smoke. 

Section  14 — Inspection  of  Repairs:  It  shall 
be  the  duty  of  said  Inspector,  upon  an  application 
in  writing  made  by  any  person,  firm,  corporation 
or  agent,  owning,  leasing  or  controlling  the  use 
of  any  boiler,  tank,  jacket-kettle,  generator  or 
superheater,  stating  that  the  same  is  out  of  re- 
pair, or  has  been  repaired,  to  examine  the  same 
when  so  repaired,  and  determine  if  such  repair- 
ing has  been  properly  done;  and  it  shall  be  unlaw- 
ful for  any  person,  firm,  corporation  or  agent  to 
use  any  boiler,  tank,  jacket-kettle,  generator, 
or  superheater,  after  the  same  has  been  repaired, 
until  a  certificate  shall  have  been  procured  from 
the  Inspector  to  the  effect  that  such  repairing 
has  been  properly  done  and  such  boiler,  tank, 
jacket-kettle,  generator  or  superheater  may  be 
safely  used,  except  as  hereinbefore  provided  in 
Section  12  of  the  ordinance. 

Section  15 — Fees:  The  fees  for  inspection  of 
steam  boilers  and  other  apparatus  under  this 
ordinance  shall  be  as  follows: 

Class  A — Including  steam  boilers,  tanks, 
jacket-kettles,  of  a  capacity  of  seventy-five 
gallons  or  over,  generators  or  other  apparatus 
using  steam  under  pressure  exceeding  ten  pounds 
per  square  inch  in  plants  where  only  one  such 
apparatus  is  used,  five  dollars  each. 

Class  B — Steam  boilers,  generators  or  super- 
heaters using  steam  under  pressure  exceeding 
ten  pounds  per  square  inch  in  plants  where 
more  than  one  such  is  used,  five  dollars  for 
the  first  and  three  dollars  for  each  additional 
apparatus. 

Class  C — Tanks  and  jacket-kettles,  of  a 
capacity  of  seventy-five  gallons  or  over,  using 
steam  under  pressure  in  plants  where  more  than 


one  such  tank  or  jacket-kettle  is  used,  one  dollar 
each  for  all  after  the  first. 

Class  D — All  low  pressure  steam  boilers  as 
herein  described  in  Section  12,  three  dollars 
each. 

Class  E — The  fee  for  a  permit  for  a  new 
plant  or  for  additions  to  an  old  plant  shall  be 
five  dollars  for  each  boiler  installed. 

All  fees  provided  for  in  this  ordinance  shall 
be  paid  to  the  City  Collector. 

(Exemptions — Charitable,  Religious  and  Edu- 
cational Institutions  not  carried  on  for  private 
gain  or  profit  are  exempted  from  payment  of  fees.) 

Section  16  —  Charging  Excess  Fees:  If  any 
person  shall  take  or  receive  any  valuable  thing 
from  any  person  for  the  purpose  of  deceiving  or 
defrauding  any  person  or  persons  or  for  the  pur- 
pose of  favoring  any  person  or  persons,  or  if 
any  inspector  shall  recommend  the  issue  of  any 
certificate  of  inspection  without  having  at  the 
time  stated  thoroughly  examined  and  tested 
the  boiler  so  certified,  he  shall  be  liable  to  a  fine 
in  the  penal  sum  of  one  hundred  dollars  ($100.00) 
and  his  action  shall  be  immediately  reported  by 
said  Board  to  the  Civil  Service  Commissioners. 

Section  24 — Salaries:  The  salary  of  the  Chief 
Inspector  of  Steam  Boilers  and  Steam  Plants 
shall  be  $3,600.00  per  annum,  that  of  the 
Supervising  Mechanical  Engineer  and  Chief 
Deputy  Inspector  of  Steam  Boilers  and  Steam 
Plants  $3,600.00  and  that  of  Smoke  Inspector 
of  Steam  Boilers  and  Steam  Plants  $2,000.00 
per  annum.  There  shall  be  appointed  in  ad- 
dition to  the  above  named  officials,  a  Chief 
Clerk  and  such  other  assistants,  inspectors  and 
employes  as  the  City  Council  may  by  ordinance 
prescribe  and  establish.  It  will  be  the  duty  of 
the  Assistant  Inspectors  to  report  defects  in 
furnaces  and  smoke-stacks  as  well  as  boilers  and 
it  shall  be  the  special  duty  of  the  Deputy  Smoke 
Inspectors  to  report  dense  smoke  emitted  from 
chimneys  together  with  the  probable  causes  there- 
for, determined  by  them  on  investigation  of  the 
plants  connected  with  such  chimneys. 

Section  25 — This  ordinance  shall  take  effect 
May  i,  1903.  On  that  day  the  Inspector  of 
Steam  Boilers  for  the  time  being  shall  turn  over 
to  the  Board  hereby  established  all  the  books, 
accounts  and  property  of  the  City  of  Chicago 
in  his  charge  and  possession  and  close  up  his 
accounts  with  the  City  Comptroller,  and  the 
Commissioner  of  Health  shall  transfer  to  the 
Board  hereby  created  all  the  books  and  accounts 
of  the  Smoke  Inspector. 

This  ordinance  seems  to  have  been  unsatis- 
factory almost  from  the  date  of  its  passage, 
especially  in  its  application  to  boats  and  to 
locomotives.  It  was  claimed  to  be  practically 
impossible  for  inspectors  to  observe  moving  boats 
and  locomotives  for  the  length  of  time  specified 
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in  the  ordinance  and  hence  to  secure  evidence 
necessary  to  convict.  As  a  consequence  it  soon 
gave  way  to  a  new  law. 

102.04  The  Ordinance  of  1905:  A  new  ordi- 
nance was  adopted  in  March,  1905.  It  retained 
the  more  important  provisions  of  the  previous 
law  but  forbade  altogether  the  emission  of  dense 
smoke  from  boats  or  locomotives,  while  it  allowed 
to  other  smoke  producers  an  exemption  of  six 
minutes  in  any  hour  of  the  day  or  night.  Fur- 
ther, only  one  notice  within  ten  days  prior  to 
the  beginning  of  the  prosecution  was  required 
in  the  case  of  violations  by  boats  or  locomotives, 
while  three  such  notices  were  required  in  the  case 
of  other  violators.  The  forms  of  notices  were 
specified.  The  ordinance  so  far  as  it  relates  to 
smoke  is  as  follows: 

ORDINANCE  OF  1905 

An  Ordinance  Relating  to  Steam  Boilers,  Steam 

Plants  and  Smoke  passed  March  20,  1905 

Revised  Municipal  Code  of  Chicago 

(Sections  relating  to  Smoke) 

(2210).  Section  7 — Chief  Smoke  Inspector: 
There  shall  be  a  Chief  Smoke  Inspector  who 
shall  be  appointed  by  the  Chief  Inspector  of 
Steam  Boilers  and  Steam  Plants  according  to 
law.  Said  Chief  Smoke  Inspector,  before  enter- 
ing upon  the  duties  of  his  office,  shall  execute 
a  bond  to  the  City  in  the  sum  of  five  thousand 
dollars  with  sureties  to  be  approved  by  the  Comp- 
troller, conditioned  for  the  faithful  performance 
of  the  duties  of  his  office. 

(2211).  Section  8 — Board  of  Inspectors  of 
Steam  Boilers  and  Steam  Plants — to  Inspect 
City  and  Board  of  Education  Boilers:  The 
Chief  Inspector  of  Steam  Boilers  and  Steam 
Plants,  the  Supervising  Mechanical  Engineer 
and  Deputy  Inspector  of  Steam  Boilers  and 
Steam  Plants  and  the  Chief  Smoke  Inspector, 
shall  constitute  the  Board  of  Inspectors  of 
Steam  Boilers  and  Steam  Plants.  The  chief 
inspector  of  steam  boilers  and  steam  plants 
shall  be  chairman  of  said  Board,  and  the  super- 
vising mechanical  engineer  and  chief  deputy 
inspector  of  steam  boilers  and  steam  plants 
shall  be  secretary  of  such  board.  (Any  two 
members  of  the  board  shall  constitute  a  quorum.) 
Said  board  shall  have  the  same  power  over  all 
steam  boilers  and  steam  plants  owned  or  operat- 
ed by  the  City,  or  the  board  of  education,  as 
over  all  other  steam  boilers  and  steam  plants 
in  the  City;  and  all  steam  boilers  and  steam 
plants  owned,  operated,  or  controlled  by  the 
City  or  by  the  board  of  education  of  said  City 
shall  be  subject  to  the  requirements  of  their 
charter;  and  it  shall  be  the  duty  of  said  board  of 
inspectors  of  steam  boilers  and  steam  plants 


to  insjH-ct  at  least  once  in  each  year  all  of  such 
steam  boilers  and  steam  plants  as  are  owned, 
operated  or  controlled  by  the  City,  or  by  said 
board  of  education,  and  also  to  preserve  a  record 
of  the  condition  of  such  steam  boilers  or  steam 
plants  by  such  inspection.  No  fee  shall  be 
charged  or  paid  to  said  department  nor  to  any 
employe  under  said  department  for  the  inspection 
of  any  steam  boiler  or  steam  plant  or  for  the 
certificate  of  inspection  issued  by  such  depart- 
ment for  any  steam  boiler  or  steam  plant  ownrd. 
operated  or  controlled  by  said  City  or  said  board 
of  education. 

(2212).  Section  9.  It  shall  be  the  duty  of 
the  board  to  inspect  all  boilers,  tanks,  jacket- 
kettles,  generators  or  other  apparatus  used  for 
generating  or  transmitting  steam  for  power 
or  using  steam  under  pressure  for  heating  en- 
steaming  purposes,  and  all  other  tanks,  jacket- 
kettles  and  reservoirs  under  pressure  of  whatso- 
ever kind  except  as  hereinafter  provided,  as  often 
as  once  in  each  and  every  year,  etc.  .  .  . 
It  shall  be  the  duty  of  the  board  to  see  that  the 
boiler  or  boilers,  boiler  setting,  means  of  pro- 
viding draft,  smoke  connections  and  furnace 
or  fire-box  of  each  boiler  inspected  by  it  are 
of  sufficient  capacity  and  so  constructed  as  with 
proper  management  to  avoid  the  issuance  or 
emission  of  dense  smoke  from  any  chimney  or 
smoke-stack  connected  therewith. 

(2213).  Section  10 — Emission  of  Dense  Smoke 
Prohibited — Nuisance — Abatement  oj  Pros- 
ecution— Penalty:  The  emission  of  dense  smoke 
from  the  smoke-stack  of  any  boat,  vessel 
or  locomotive,  or  from  any  chimney  or  smoke- 
stack of  any  building  or  premises  in  the 
City,  shall  be  deemed  and  is  hereby  declared 
to  be  a  nuisance  and  such  nuisance  may  be 
summarily  abated  by  the  chief  smoke  inspector 
or  any  person  duly  authorized  by  him  for  that 
purpose.  The  remedy  herein  provided  for 
abatement  shall  be  cumulative  to  the  remedies 
hereinafter  provided  for  by  prosecution  and 
•  fine.  Any  •  person  or  corporation  owning  or 
operating  any  boat,  vessel  or  locomotive,  or  any 
person  in  charge,  possession  or  control  of  any 
boat,  vessel  or  locomotive  within  the  City  who 
shall  cause  or  permit  dense  smoke  to  issue  or  be 
emitted  from  the  smoke-stack  of  any  such  boat, 
vessel  or  locomotive  within  the  City  at  any 
time,  shall  be  deemed  guilty  of  a  violation  of 
this  section  and  shall  be  fined  not  less  than  ten, 
nor  more  than  one  hundred  dollars  for  each  offense 
and  each  day  on  which  any  such  person  or 
corporation  owning  or  operating  any  such  boat, 
vessel  or  locomotive,  or  on  which  any  person  in 
charge,  possession  or  control  of  any  such  boat, 
vessel,  or  locomotive  shall  cause  or  permit  dense 
smoke  to  issue  or  to  be  emitted  within  the  City 
from  the  smoke-stack  of  any  such  boat,  vessel 
or  locomotive,  shall  be  deemed  a  separate  and 
distinct  offense.  No  prosecution  for  the  emis- 
sion of  dense  smoke  from  any  such  boat,  vessel 
or  locomotive  shall  be  commenced  unless  within 
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ten  days  prior  to  the  institution  of  suit  a  notice 
in  writing  shall  have  been  mailed  to  the  person 
or  corporation  owning  or  operating  the  boat, 
vessel  or  locomotive  from  which  dense  smoke 
has  been  issued  or  emitted,  or  to  the  person  in 
possession,  charge  or  control  of  such  boat,  vessel 
or  locomotive  at  the  time  such  dense  smoke  was 
issued  or  emitted.     In  making  proof  of  a  violation 
of   this   section   by   any   such    person    or    cor- 
poration owning  or  operating  any  such  boat, 
vessel  or  locomotive,  or  by  any  person  in  posses- 
sion, charge  or  control  of  any  such  boat,  vessel  or 
locomotive,  it  shall  not  be  necessary  to  prove 
the  issuance  or  emission  of  dense  smoke  for  any 
stated  or  specified  period  of  time,  but  proof  that 
at  any  time  of  day  or  night  dense  smoke  has 
issued  or  been  emitted  from  the  smoke-stack  of 
any  such  boat,  vessel  or  locomotive  within  the 
City  shall  be  deemed  sufficient  proof  of  viola- 
tion of  this  section.     Any  person  or  corporation 
owning  or  operating,  or  any  person  in  charge, 
possession  or  control  of  any  building  of  any 
kind  whatsoever  in  the  City,  whether  used  for 
trade,  office  or  residence  purposes  or  any  other 
purpose  whatever,   who  shall  cause  or  permit 
dense  smoke  to  issue  or  to  be  emitted  from  the 
chimney  or  smoke-stack  of  any  such  building 
within   the   City   for  more  than   six   minutes, 
whether  consecutive  or  not,  within  any  hour  at 
any  time  of  day  or  night  shall  be  deemed  guilty 
of  a  violation  of  this  section  and  shall  be  fined 
not  less  than  ten  or  more  than  one  hundred 
dollars  for  each  offense.     No  prosecution  for  a 
violation  of  this  section  on  account  of  the  emis- 
sion of  dense  smoke  from  the  chimney  or  smoke- 
stack of  any  building  within  the  City  shall  be 
begun  against  any  person  or  corporation  owning 
or  operating  such  building  or  against  any  person 
in  charge,  possession  or  control  of  any  such  build- 
ing, unless  within  ten  days  prior  to  the  institu- 
tion of  suit  at  least  three  notices  in  writing,  each 
notice  relating  to  a  separate  and  distinct  offense, 
shall  have  been  mailed  either  to  the  person  or 
corporation  owning  or  operating  such  building 
or  to  the  person  in  possession,  charge  or  control 
thereof. 

(2214).  Section  n — Notices  —  By  Whom 
Mailed — What  to  Contain:  The  notices  herein 
provided  for  shall  be  mailed  by  the  chief  smoke 
inspector,  or  by  some  person  designated  or 
authorized  by  him,  and  such  notices  shall  be, 
in  the  case  of  notice  sent  on  account  of  the 
emission  of  dense  smoke  from  the  smoke-stack 
of  any  boat,  vessel,  or  locomotive,  substantially 
as  follows,  to  wit: — 

To :    You  are  hereby  notified  that 

on day  of  ....  A.  D at  or  about  the 

hour  of....  o'clock. ..  .M,  dense  smoke  was 
seen  to  issue  from  the  smoke-stack  (in  case  of  a 
boat  or  vessel,  setting  out,  if  known,  the  name 
or  description  of  such  boat  or  vessel,  or  in  case 
of  a  locomotive,  if  known,  the  number  and  de- 
scription thereof).  You  are  hereby  notified 
that  prosecution  for  violation  of  section  2213 


(i.  e.,  above  section  10)  of  the  Revised  Municipal 
Code  of  Chicago  for  1905  will  be  commenced 
against  you  by  the  smoke  inspector  on  account 
of  such  violation. 

Smoke  Inspector. 

In  case  of  the  emission  of  dense  smoke  from 
the  chimney  or  smoke-stack  of  any  building,  the 
notice  shall  be  substantially  as  follows: 

To :  You  are  hereby  notified  that 

on  the day  of.  . .  .A.  D., at  or  about 

the  hour  of o'clock.  . .  .M,  dense  smoke  was 

seen  to  issue  from  the  smoke-stack  or  chimney 
of  the  building  or  premises  situated  and  known 

as  Number (or  such  other  description 

as  will  serve  to  identify  such  building).  You 
are  hereby  notified  that  prosecution  will  be 
commenced  against  you  by  the  smoke  inspector 
for  a  violation  against  section  2213  of  the  Re- 
vised Code  of  Chicago  of  1905. 


Smoke  Inspector. 

Such  notices  sent  on  account  of  the  emission 
of  smoke  from  any  building  shall  be  numbered 
first,  second  and  third,  as  the  case  may  be. 

(2215).  Section  12.  Prosecution  for  all  viola- 
tions of  this  chapter  against  persons  causing  or 
permitting  dense  smoke  to  issue  or  be  emitted 
from  any  smoke-stack  or  chimney,  shall  be  in- 
stituted by  the  chief  smoke  inspector.  Prosecu- 
tions for  all  other  violations  of  this  chapter  against 
any  person  or  corporation,  shall  be  instituted  by 
either  the  chief  inspector  of  steam  boilers  and 
steam  plants  or  the  supervising  mechanical 
engineer  and  chief  deputy  inspector  of  steam 
boilers  and  steam  plants.  All  suits  for  the  prose- 
cution of  any  person  or  corporation  for  a  viola- 
tion of  any  o'f  the  provisions  of  this  chapter  shall 
be  instituted  in  the  name  of  the  City  of  Chicago. 

(2216).  Section  1$— Permit  jor  New  Plants- 
Plans,  etc.:  No  new  plants,  nor  any  recon- 
struction of  any  old  plants  for  producing  power 
and  heat,  or  either  of  them,  nor  any  chimney 
connected  with  a  steam  plant,  shall  be  erected 
and  maintained  in  the  City  until  the  plans  and 
specifications  of  the  same  have  been  filed  in  the 
office  of  and  approved  by  the  board  of  inspectors 
of  steam  boilers  and  steam  plants,  which  plans 
and  specifications  shall  show  the  amount  of  work 
and  the  amount  of  heating  to  be  done  by  such 
plant  and  all  the  appurtenances  thereto,  including 
provisions  for  the  complete  combustion  of  the 
fuel  to  be  used  for  the  prevention  of  smoke,  and 
a  statement  of  the  kind  of  fuel  proposed  to  be 
used.  Such  plans  and  specifications  shall  also 
show  that  the  room  or  apartment  in  which  such 
plant  shall  be  located  is  provided  with  doors, 
windows,  airshafts,  fans  and  other  means  of  ven- 
tilation sufficient  to  prevent  the  temperature  of 
such  room,  apartment,  basement  or  other  portion 
of  such  building  wherein  such  steam  plant  or 
apparatus  is  to  be  used,  from  rising  to  a  higher 
point  than  one  hundred  and  twenty  degrees 
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Fahrenheit,  or  that  the  atmosphere  of  any  such 
apartment  wherein  such  apparatus  may  be  located 
may  be  entirely  renewed  every  ten  minutes. 
Upon  approval  of  such  plans  and  s|K'cifications, 
a  duplicate  set  of  which  shall  be  left  on  file  in 
*  said  office,  and  the  payment  of  fine  as  herein- 
after provided,  said  Board  shall  issue  a  permit 
for  the  installation  of  such  plant  or  reconstruction. 
Such  permit  shall  state  the  maximum  amount  of 
steam  pressure  to  be  carried.  As  soon  as  the 
board  hereby  created  has  examined  the  plans 
and  specifications  submitted  for  a  new  steam 
plant  in  a  new  building  and  has  issued  a  permit 
for  the  installation  of  the  same,  it  shall  notify 
the  commissioner  of  buildings  to  see  that  the 
execution  of  the  construction  work  on  the  build- 
ing in  which  such  plant  is  to  be  installed  is  car- 
ried out  in  conformity  with  the  plans  and 
specifications  of  the  proposed  steam  plant  for 
the  execution  of  which  a  permit  has  been  issued, 
with  special  reference  to  the  amount  of  space  to 
be  used  for  such  appurtenances,  the  size  and 
construction  of  the  chimney  or  chimneys  to  be 
used,  and  the  provision  for  ventilation  and 
proper  temperature  in  the  engine  and  boiler 
rooms. 

It  shall  be  the  duty  of  the  supervising  mechan- 
ical engineer  and  chief  deputy  inspector  of 
steam  boilers  and  steam  plants  to  examine  in 
detail  all  plans  and  specifications  that  may  be 
submitted  to  the  board,  and  to  report  upon  the 
same  for  approval  by  the  board.  All  permits 
shall  be  issued  by  an  affirmative  vote  of  the 
majority  of  the  board. 

(2217).  Section  14 — Duty  of  Owners:  It  shall 
be  unlawful  for  any  person  to  use  any  steam 
boiler  or  any  tank  or  tanks  subject  to  pressure 
other  than  city  pressure  until  he  shall  first  pro- 
cure a  certificate  from  said  board  that  such  ap- 
paratus may  be  safely  used,  and  that  the  boiler 
or  boilers,  boiler  setting,  means  of  producing 
draft,  smoke-connections,  and  furnace  or  fire-box 
are  of  such  size  and  capacity  that  they  will  do 
the  work  required,  and  be  capable  of  being  so 
managed  for  the  purpose  of  generating  steam 
that  no  dense  smoke  shall  be  emitted  from 
the  chimney  connected  with  such  furnace  or 
fire-box. 

If  such  owner,  agent  or  person  using  a  steam 
boiler  or  tank  shall  fail  to  notify  said  board  of 
his  intention  to  make  any  alteration,  repairs  or 
enlargement  of  such  steam  plant,  and  shall  fail 
to  file  plans  and  specifications  for  the  enlarge- 
ment or  alterations  of  the  same,  and  shall 
proceed  to  make  such  alteration,  repairs  or  en- 
largement without  a  permit  therefor,  he  shall  be 
liable  to  a  fine  of  twenty-five  dollars  for  each 
day  on  which  he  shall  have  prosecuted  such 
alteration,  repairs  or  enlargement  without  said 
permit,  and  each  day's  violation  shall  constitute 
a  separate  offense.  Provided,  however,  that 
minor  necessary  or  emergency  repairs  which 
do  not  increase  the  capacity  of  such  apparatus 
or  involve  any  substantial  alteration  of  structure 


may  be  made  by  or  under  the  engineer  in  charge 
of  such  apparatus  without  jn-nnit  or  n-jiort 
thereof. 

If  at  any  time  when  inserting  a  steam  Ixriler, 
generator  or  other  apparatus  used  for  generating 
steam  jx>\ver  for  heating  purposes,  the  inspector 
of  boilers  shall  find  that  the  furnace  or  fire-box 
in  which  fuel  is  used  for  the  purpose  of  generating 
steam  is  so  constructed  or  operated  as  to  cause 
the  emission  of  dense  smoke  from  the  chimney 
connected  therewith  he  shall  report  to  the  board 
the  condition  of  such  plant.  The  owner  of  such 
steam  boiler,  generator  or  apparatus  shall  have 
the  right  to  put  in  such  appliance  or  make  such 
alterations  or  use  such  fuel  as  in 'his  judgment 
will  prevent  -the  emission  of  dense  smoke  but 
this  shall  not  constitute  a  compliance  with 
this  chapter  unless  such  appliance  or  such  fuel 
shall  actually  prevent  the  emission  of  dense 
smoke. 

Provided,  that  any  boilers  for  heating  pur- 
poses only,  in  which  the  permit  specifies  that 
not  more  than  ten  pounds  of  steam  pressure  to 
the  square  inch  shall  be  carried,  shall  be  known 
as  "low  pressure  boilers." 

After  the  next  inspection  of  such  low  pressure 
boilers  shall  have  been  made  following  the 
adoption  of  this  ordinance,  inspections  thereof 
shall  be  made  once  in  every  three  years.  But 
all  of  such  low  pressure  plants  may  be  inspected 
at  any  time  thereafter,  and  without  charge,  with 
reference  to  the  provisions  for  draft,  complete 
combustion  or  degree  of  combustion  of  fuel  and 
prevention  of  the  emission  of  smoke. 

(2218).  Section  15 — Exception:  The  provi- 
sions of  this  chapter  relating  to  the  inspection 
of  boilers,  generators  or  other  apparatus  carrying 
other  than  city  pressure  shall  not  apply  to  such 
boilers,  generators  or  apparatus  while  in  use  or 
installed  in  any  locomotive,  steam  or  tug-boat. 
The  provisions  of  this  chapter  relating  to  the 
inspection  of  steam  boilers,  generators  or  other 
apparatus  carrying  other  than  city  pressure 
shall  be  held  to  apply  to  any  steam  plant  such 
as  steam  boilers,  generators  or  apparatus  in  use 
or  installed  in  any  steam  roller,  steam  derrick, 
steam  pile-driver,  automobile  or  other  movable 
structure  or  contrivance  of  any  kind  whatsoever 
used  within  the  City. 

(2220).  Section  1 7  — Certificate  of  Inspection- 
Permit  for  New  Plant,  etc..  Issuance  or  Possession 
not  to  Exempt  from  Prosecution  for  Emission  of 
Dense  Smoke:  The  issuance  or  delivery  by  the 
board  to  any  person  or  corporation  of  any  cer- 
tificate of  inspection  herein  provided  for,  or  the 
possession  by  any  person  or  corporation  of  any 
such  certificate  shall  not  be  held  to  exempt  any 
person  or  corporation  to  whom  such  certificate 
was  issued  or  delivered,  or  who  is  in  possession 
or  control  of  any  such  certificate,  from  prosecu- 
tion for  any  violation  of  the  provisions  of  this 
chapter  in  relation  to  or  concerning  the  issuing 
or  emission  of  dense  smoke  caused  or  permitted 
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by  any  such  person  or  corporation;  the  issuance 
or  delivery  by  said  board  of  any  permit  for  con- 
struction of  any  new  plant  or  the  reconstruction 
of  any  chimney  connected  with  any  steam  plant, 
shall  not  be  held  to  exempt  any  person  or  cor- 
poration to  whom  any  such  permit  has  been  issued 
or  delivered  or  who  is  in  possession  of  any  such 
permit  from  prosecution  on  account  of  the 
emission  or  issuance  of  dense  smoke  caused  or 
permitted  by  any  such  person  or  corporation. 

(2221).  Section  18 — Inspection  of  Repairs: 
It  shall  be  the  duty  of  said  inspector,  upon  ap- 
plication in  writing  made  by  any  person  or  cor- 
poration owning,  leasing  or  controlling  the  use 
of  any  boiler,  tank,  jacket-kettle,  generator  or 
superheater  stating  that  the  same  is  out  of  repair 
or  has  been  repaired,  to  examine  the  same  when 
so  repaired  and  determine  if  such  repairing  has 
been  properly  done;  and  it  shall  be  unlawful  for 
any  person  or  corporation  to  use  any  boiler, 
tank,  jacket-kettle,  generator  or  superheater, 
after  the  same  has  been  repaired  until  a  certifi- 
cate shall  have  been  procured  from  the  inspector 
to  the  effect  that  such  repairing  has  been  properly 
done  and  such  boiler,  tank,  jacket-kettle,  gener- 
ator, or  superheater  may  be  safely  used,  except 
as  hereinbefore  provided  in  this  chapter. 

(2222).  Section  19 — Fees:  The  fees  for  the 
inspection  of  steam  boilers  and  other  apparatus 
under  this  chapter  shall  be  as  follows: 

Class  A — Including  steam  boilers,  tanks, 
jacket-kettles,  of  a  capacity  of  seventy-five  gal- 
lons or  over,  generators  or  other  apparatus 
under  a  pressure  exceeding  ten  pounds  per  square 
inch  in  plants  where  only  one  such  apparatus 
is  used,  five  dollars  each. 

Class  B — Steam  boilers,  generators  or  super- 
heaters under  pressure  exceeding  ten  pounds  per 
square  inch  in  plants  where  more  than  one  such 
is  used,  five  dollars  for  the  first  and  three  dollars 
for  each  additional  apparatus. 

Class  C — Tanks  and  jacket-kettles,  of  a 
capacity  of  seventy-five  gallons  or  over,  under 
pressure  in  plants  where  more  than  one  such 
tank  or  jacket-kettle  is  used,  one  dollar  for  each 
after  the  first. 

Class  D — All  low  pressure  steam  boilers  as 
herein  described  in  this  chapter,  three  dollars 
each. 

Class  E  —  The  fee  for  a  permit  for  a  new 
steam  plant  or  for  additions  to  an  old  plant  shall 
be  five  dollars  for  each  boiler  or  engine  installed 
or  for  the  addition  or  rebuilding  of  any  smoke- 
stack or  chimney  or  for  any  material  alteration 
or  changes  made  in  such  plant.  The  fees  for 
the  inspection  of  steam  boilers  and  other  appara- 
tus above  provided  for  shall  be  double  the 
respective  amounts  above  specified  when  an 
inspection  is  made  on  Sunday  or  any  legal 
holiday  at  the  request  of  the  person  or  cor- 
poration owning  or  operating  said  steam  boiler 
or  other  apparatus. 


All  fees  provided  for  in  this  chapter  shall 
be  paid  to  the  City  Collector. 

(2223).  Section  20 — Exemptions — Charitable, 
Religious  and  Educational  Institutions  not  carried 
on  or  conducted  for  private  profit  or  gain. 

(2224).  Section  21 — Charging  Excess  Fees: 
If  any  person  acting  on  behalf  of  the  City  under 
the  provisions  of  this  chapter  shall  take  or  receive 
any  money  or  any  valuable  thing  for  the  purpose 
of  deceiving  or  defrauding  any  person  or  persons 
or  if  any  inspector  shall  recommend  the  issue  of 
any  certificate  of  inspection  without  having  at 
the  time  stated  thoroughly  examined  and  tested 
the  boiler  so  certified,  he  shall  be  fined  one  hun- 
dred dollars  for  each  offense. 

(2231).  Section  28  —  Apparatus  —  Records: 
The  city  shall  provide  such  instruments,  books, 
papers  and  equipment  as  shall  be  necessary  for 
the  proper  performance  of  the  duties  of  such 
board,  which  shall  be  the  property  of  said  city 
and  which  ^hall  be  delivered  by  said  board  to 
its  successor  in  office;  said  board  shall  report 
annually  on  or  before  the  first  day  of  February 
to  the  Mayor  and  City  Council,  and  as  often  as 
required  by  said  council,  etc. 

(2232).  Section  29 — Report  of  Defects  in 
Furnaces  and  Smoke-stacks:  It  shall  be  the  duty 
of  the  assistant  inspectors  to  report  to  said  board 
defects  in  furnaces  and  smoke-stacks  as  well  as 
in  boilers,  and  it  shall  be  the  special  duty  of  the 
deputy  smoke  inspectors  to  report  to  said  board 
dense  smoke  emitted  from  chimneys,  together 
with  the  probable  causes  therefor,  determined 
by  them  on  investigation  of  the  plants  connected 
with  such  chimneys. 

The  Ordinance  of  1905  proved  unsatisfactory 
before  the  end  of  the  year  and  was  amended. 
In  one  of  the  Mayor's  messages  it  was  criticized 
on  the  ground  that  it  discriminated  against  the 
owners  of  boats  and  of  locomotives,  and  the  City 
Law  Department  pronounced  it  invalid  for  three 
reasons,  namely: 

1.  It  allowed  too  great  indulgence  to  smoke. 

2 .  It  imposed  an  unreasonable  and  unnecessary 
burden  upon  the  city  in  requiring  proof  of  time- 
length  of  smoke  complained  of  and  in  the  mailing 
of  notices. 

3.  It  restricted  the  initiation  of  all  suits  under 
the  ordinance  to  the  Smoke  Inspector;  whereas 
such  duty  belonged  in  part  to  the  Health  Com- 
missioner. 

This  action,  however,  was  not  taken  until  sub- 
stantial progress  had  been  made  in  enforcing  the 
ordinance. 

102.05  The  Ordinance  of  1907:  This  ordi- 
nance represented  a  new  phase  in  the  history  of 
smoke  prevention  in  Chicago.  The  first  ordinance 
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imposed  the  matter  of  smoke  prevention  upon  the 
City  Health  Department,  and  later  ordinances 
made  it  a  part  of  the  work  of  the  Department 
for  the  Inspection  of  Steam  Boilers  and  Steam 
Plants.  The  Ordinance  of  1907  created  a  new 
department  of  the  City  Administration,  the 
"Department  of  Smoke  Inspection."  The  head 
of  this  new  department  was  given  the  title  of 
Chief  Smoke  Inspector  and  the  ordinance  fixed 
his  technical  qualifications.  Provision  was  also 
made  for  a  Chief  Assistant  Smoke  Inspector, 
whose  qualifications  were  made  the  same  as 
those  of  the  Chief  Smoke  Inspector,  and  for 
deputy  smoke  inspectors,  assistant  smoke  inspec- 
tors, clerks  and  stenographers.  The  ordinance 
is  given  in  full  as  follows: 

ORDINANCE  OF  1907 

An  Ordinance 

Providing  for  Smoke  Inspection  and 
Abatement  in  the  City  of  Chicago 

Section  i.  There  is  hereby  established  a 
department  of  smoke  inspection,  the  head  of 
which  shall  be  known  as  the  smoke  inspector. 

Section  2.  The  smoke  inspector  shall  be 
appointed  by  the  Mayor  by  and  with  the  advice 
of  the  City  Council. 

Section  3.  The  person  so  appointed  shall  be 
a  mechanical  engineer,  qualified  by  technical 
training  -and  experience  in  the  theory  and  prac- 
tice of  the  construction  and  operation  of  steam 
boilers  and  furnaces  and  also  in  the  theory  and 
practice  of  smoke  abatement  and  prevention. 

Section  4.  The  smoke  inspector,  before  en- 
tering upon  the  duties  of  his  office,  shall  execute 
a  bond  to  the  city  of  Chicago  in  the  sum  of  ten 
thousand  dollars,  with  sureties  to  be  approved 
by  the  Mayor,  conditioned  upon  the  faithful 
performance  of  the  duties  of  his  office. 

Section  5.  The  salary  of  the  smoke  inspector 
shall  be  four  thousand  dollars  ($4,000)  per  annum. 

Section  6.  There  is  hereby  created  the  office 
of  chief  assistant  smoke  inspector,  who  shall  be 
appointed  by  the  smoke  inspector  as  provided 
by  law. 

Section  7.  The  qualifications  of  the  chief 
assistant  smoke  inspector  shall  be  the  same  as 
the  qualifications  herein  provided  for  the  smoke 
inspector. 

Section  8.  The  chief  assistant  smoke  in- 
spector shall,  before  entering  upon  the  duties  of 
his  office,  execute  a  bond  to  the  city  of  Chicago 
in  the  sum  of  five  thousand  dollars  ($5,000)  with 
sureties  to  be  approved  by  the  Mayor,  con- 
ditioned upon  the  faithful  performance  of  the 
duties  of  his  office. 


Section  9.  The  salary  of  the  chief  assistant 
smoke  inspector  shall  be  three  thousand  dollars 
($3,000)  per  annum. 

Section  10.  There  shall  be  as  many  deputy 
smoke  inspectors  as  shall  be  provided  for  by 
the  City  Council;  their  compensation  shall  be 
fixed  by  the  City  Council  and  they  shall  be  ap- 
pointed by  the  smoke  insjxrtor  in  the  manner 
provided  by  law. 

Section  n.  There  shall  be  as  many  assistant 
smoke  inspectors  as  shall  be  provided  by  the 
City  Council;  their  compensation  shall  be  fixed 
by  the  City  Council  and  they  shall  be  appointed  by 
the  smoke  insjjector  in  the  manner  provided 
by  law. 

Section  12.  There  shall  be  as  many  clerks 
and  stenographers  assigned  to  this  department 
as  shall  be  provided  by  the  City  Council;  their 
compensation  shall  be  fixed  by  the  City  Council 
and  they  shall  be  appointed  by  the  smoke  in- 
spector in  the  manner  provided  by  law. 

Section  13.  The  Mayor  may  in  his  discretion 
appoint  a  Smoke  Abatement  Commission  com- 
posed of  eight  members,  who  shall  act  as  advisors 
to  the  Mayor  in  the  organization  of  the  depart- 
ment and  as  advisors  to  the  smoke  inspector 
in  the  conduct  of  the  department.  The  smoke 
inspector  shall  at  all  times  receive,  place,  and 
keep  on  file  in  his  office  any  suggestion,  recom- 
mendation, advice  or  other  communication 
which  may  be  presented  to  him  in  writing  by 
the  Smoke  Abatement  Commission.  The  Smoke 
Abatement  Commission  may  name  an  advisory 
board  of  mechanical  engineers  which  shall  con- 
sist of  three  consulting  engineers  of  recognized 
ability  and  integrity,  who  have  had  experience 
in  the  installation  and  conduct  of  power  and 
heating  plants.  This  board  shall  act  as  advisors 
on  engineering  questions  to  the  Smoke  Abatement 
Commission  and  to  the  smoke  inspector  and  to 
the  members  of  the  department.  Meetings  of 
the  advisory  board  of  mechanical  engineers  may 
be  called  at  any  time  either  by  the  Smoke  Abate- 
ment Commission  or  by  the  smoke  inspector. 
Members  of  the  advisory  board  of  mechanical 
engineers  shall  receive  as  their  compensation 
the  sum  of  ten  dollars  ($10.00)  for  each  member 
for  each  regularly  called  meeting  attended. 

Section  14.  No  new  plants  or  any  recon- 
struction of  any  old  plants  for  producing  power 
and  heat,  or  either  of  them  or  any  new  chimney 
connected  with  a  steam  plant  shall  be  erected 
or  maintained  in  the  city  until  plans  and  speci- 
fications of  the  same  have  been  filed  in  the  office 
of  and  approved  by  the  smoke  inspector  and  a 
permit  issued  by  him  for  such  erection,  recon- 
struction, or  maintenance.  Plans  and  specifica- 
tions to  be  filed  with  the  smoke  inspector  shall 
show  the  amount  of  work  and  the  amount  of 
heating  to  be  done  by  such  plant  and  all  appur- 
tenances thereto,  including  all  provisions  made 
for  the  purpose  of  securing  complete  combustion 
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of  the  fuel  to  be  used  and  for  the  purpose  of  pre- 
venting smoke ;  said  plans  and  specifications  shall 
also  contain  a  statement  of  the  kind  of  fuel  pro- 
posed to  be  used,  and  said  plans  and  specifications 
shall  also  show  that  the  room  or  apartment  in 
which  such  plant  shall  be  located  is  provided  with 
doors,  windows,  air  shafts,  fans,  and  other  means 
of  ventilation  sufficient  to  prevent  the  temper- 
ature of  such  room,,  apartment,  basement,  or 
other  portion  of  such  building  wherein  such 
steam  plant  or  apparatus  is  to  be  used,  from 
rising  to  a  point  higher  than  120  degrees  Fahren- 
heit, and  sufficient  also  to  provide  that  the  at- 
mosphere of  any  such  apartment,  wherein  such 
apparatus  may  be  located,  may  be  entirely  re- 
newed every  ten  minutes.  Upon  the  approval 
of  such  plans  and  specifications,  a  duplicate  set 
of  which  shall  be  left  on  file  in  said  office,  and 
upon  the  payment  of  the  fees  as  hereinafter  pro- 
vided, the  smoke  inspector  shall  issue  a  permit 
for  the  reconstruction,  erection,  or  maintenance 
of  such  plant.  As  soon  as  the  smoke  inspector 
has  examined  the  plans  and  specifications  sub- 
mitted and  has  issued  a  permit  as  above  provided, 
he  shall  then  notify  the  Commissioner  of  Build- 
ings to  see  that  the  execution  of  the  work 
permitted  is  carried  out  in  conformity  with  the 
plans  and  specifications,  with  special  reference 
to  the  amount  of  space  used,  the  size  and  con- 
struction of  the  chimney  or  chimneys  used,  the 
provisions  for  the  prevention  of  smoke,  and  the 
provisions  for  ventilation,  and  for  the  proper 
temperature  in  the  engine  and  boiler  rooms. 

Section  15.  It  shall  be  unlawful  for  any  per- 
son to  use  any  new  or  reconstructed  plant  for 
the  production  and  generation  of  heat  and 
power,  or  either  of  them  until  he  shall  have  first 
procured  a  certificate  from  the  smoke  inspector 
that  the  plant  is  so  constructed  that  it  will  do 
the  work  required  and  that  it  can  be  so  managed 
that  no  dense  smoke  shall  be  emitted  from  the 
chimney  connected  with  the  furnace  or  fire-box. 

Section  16.  No  owner  shall  alter  or  repair 
any  chimney  or  any  old  furnace  or  device,  which 
alteration,  change  or  installation  shall  affect  the 
method  or  efficiency  of  preventing  smoke,  with- 
out first  submitting  plans  and  specifications  to 
the  smoke  inspector  and  securing  a  permit  there- 
for, provided,  however,  that  minor  necessary  or 
emergency  repairs  which  do  not  increase  the 
capacity  of  such  plant  or  which  do  not  involve 
any  substantial  alteration  in  structure  and  which 
do  not  involve  any  alteration  in  the  method  or 
efficiency  of  smoke  prevention  may  be  made  by 
or  under  the  engineer  in  charge  of  said  plant 
without  a  permit.  Any  person  who  shall  violate 
this  section  shall  be  liable  to  a  fine  of  $25.00  for 
each  day  upon  which  he  shall  prosecute  such 
alteration,  change,  or  installation  without  a 
permit,  and  each  day's  violation  shall  con- 
stitute a  separate  offense. 

Section  17.  The  emission  of  dense  smoke 
within  the  city  from  the  smoke-stack  of  any 


locomotive,  steam  boat,  steam  tug,  steam  roller, 
steam  derrick,  steam  pile  driver,  tar  kettle,  or 
other  similar  machine  or  contrivance,  or  from 
the  smoke-stack  or  chimney  of  any  building  or 
premises,  excepting  for  a  period  of  six  minutes 
in  any  one  hour  during  which  the  fire-box  is 
being  cleaned  out  or  a  new  fire  being  built  therein, 
is  hereby  declared  to  be  a  nuisance  and  may  be 
summarily  abated  by  the  smoke  inspector,  or  by 
any  one  whom  he  may  duly  authorize  for  such 
purpose.  Such  abatement  may  be  in  addition 
to  the  fine  hereinafter  provided.  Any  person 
or  persons,  or  corporation,  owning,  operating, 
or  in  charge  or  control  of  any  locomotive,  steam 
boat,  steam  tug,  steam  roller,  steam  derrick, 
steam  pile  driver,  tar  kettle,  or  other  similar 
machine  or  contrivance,  or  of  any  building  or 
premises,  who  shall  cause  or  permit  the  emission 
of  dense  smoke,  within  the  city,  from  the  smoke- 
stack or  chimney  of  any  such  locomotive,  steam 
boat,  steam  tug,  steam  roller,  steam  derrick, 
steam  pile  driver,  tar  kettle  or  other  similar 
machine  or  contrivance,  or  from  the  smoke-stack 
or  chimney  of  any  building  or  premises  so  owned, 
controlled,  or  in  charge  of  him,  her,  or  them, 
except  for  a  period  of  six  minutes  in  any  one 
hour  during  which  the  fire-box  is  being  cleaned 
out  or  a  new  fire  built  therein,  shall  be  deemed 
guilty  of  a  violation  of  this  ordinance,  and  upon 
conviction  thereof  shall  be  fined  not  less  than 
ten  dollars  nor  more  than  one  hundred  dollars 
for  each  offense;  and  each  day  of  such  emis- 
sion of  dense  smoke  shall  constitute  a  separate 
offense. 

Section  18.  The  fees  for  the  inspection  of 
plans  and  issuing  of  permits  and  for  the  inspection 
of  plants  and  issuing  of  certificates  shall  be. as 
follows : 

For  inspecting  plans  of  new  plants  and  plants 
about  to  be  reconstructed,  $2.00. 

For  inspecting  plans  for  repairs  and  alterations, 
$1.00. 

For  examining  a  plant  after  its  erection  or 
reconstruction  and  before  its  operation  and 
maintenance,  $3.00. 

The  fee  paid  for  the  inspection  or  examination 
shall  include  the  issuing  of  a  permit  or  certificate, 
in  case  such  permit  or  certificate  is  granted. 

The  smoke  inspector  may  and  he  is  hereby 
directed  and  instructed  to  remit  all  inspection 
or  examination  fees  charged,  or  that  hereafter 
may  be  charged,  against  any  and  all  charitable, 
religious,  or  educational  institutions  when  the 
furnace  or  other  device  or  apparatus  inspected 
is  located  in  or  upon  premises  used  and  occupied 
exclusively  by  such  charitable,  religious,  or 
educational  institutions;  provided  that  such 
charitable,  religious  or  educational  institution  is 
not  conducted  or  carried  on  for  private  gain  or 
profit;  and  provided  further,  that  the  smoke 
inspector  may  require  every  application  for  the 
remission  of  such  fees  to  be  verified  by  the  affida- 
vit of  one  or  more  tax  payers  of  the  city. 
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Section  19.  Prosecutions  for  all  violations  of 
this  ordinance  shall  be  instituted  by  the  smoke 
inspector  and  shall  be  prosecuted  in  the  name 
of  the  City  of  Chicago. 

The  issuance  and  delivery  by  the  smoke  in- 
spector of  any  permit  or  certificate  for  the  con- 
struction or  reconstruction,  or  any  permit  for 
the  alteration  or  repair  of  any  plant  or  chimney 
connected  with  a  plant,  shall  not  be  held  to 
exempt  any  person  or  corporation  to  whom  any 
such  permit  has  been  issued  or  delivered,  or  who 
is  in  possession  of  any  such  permit,  from  prose- 
cution on  account  of  the  emission  or  issuance  of 
dense  smoke  caused  or  permitted  by  any  such 
person  or  corporation. 

Section  20.  Any  person  who  shall  violate 
any  of  the  provisions  of  this  ordinance  (except 
as  is  herein  otherwise  provided)  shall  be  fined 
not  less  than  $25.00  nor  more  than  $100.00  for 
each  offense. 

Section  21.  The  city  shall  provide  such  in- 
struments, books,  papers  and  equipment  as 
shall  be  necessary  for  the  proper  performance 
of  the  duties  of  the  members  of  the  department. 
The  smoke  inspector  shall  have  charge  of  such 
instruments,  books,  papers  and  equipment, 
and  shall  deliver  the  same  to  his  successor  in 
office. 

Section  22.  The  smoke  inspector  shall  cause 
to  be  kept  in  his  office  a  complete  record  of  all 
plans  submitted  and  of  all  permits  issued  and 
of  all  examinations  of  plants  made  by  members 
of  the  department  and  also  of  all  certificates 
issued. 

Section  23.  The  smoke  inspector  shall  make 
a  report  of  the  work  of  his  department  to  the 
Mayor  and  City  Council,  annually,  on  or  before 
the  first  day  of  February,  and  at  other  times  as 
often  as  required  by  the  City  Council. 

Section  24.  If  any  person  acting  on  behalf 
of  the  city  under  the  provisions  of  this  chapter 
shall  take  or  receive  any  money  or  any  valuable 
thing  for  the  purpose  of  deceiving  or  defrauding 
any  person  or  persons,  or  for  the  purpose  of  favor- 
ing any  person  or  persons,  or  if  any  inspector  shall  • 
recommend  the  issue  of  any  certificate  of  in- 
spection without  having  at  the  time  stated  thor- 
oughly examined  and  tested  the  furnace,  device 
or  apparatus  so  certified,  he  shall  be  fined  one 
hundred  dollars  for  each  offense. 

Section  25.  Chapter  LXIV  of  the  Revised 
Municipal  Code  of  Chicago  of  1905,  as  amended, 
so  far  only  as  said  chapter  refers  to  smoke  in- 
spection, is  hereby  repealed,  and  the  position  of 
chief  smoke  inspector  created  by  said  chapter 
is  hereby  abolished. 

Section  26.  This  ordinance  shall  take  effect 
on  and  after  its  passage  and  publication. 

The  ordinance  was  approved  in  July,  1907.     It 
has  since  been  amended  to  provide  for  a  Chief 


Deputy  Smoke  Inspector.  It  has  also  been 
amended  to  provide  for  a  revision  of  Section  17 
to  include  dense  smoke  from  open  fires,  as  follows  : 

"The  emission  of  dense  smoke  within  the 
city  from  the  smoke-stack  of  any  locomoti- 
steam  lx>at,  steam  tug,  steam  roller,  steam  der- 
rick, steam  pile  driver,  tar  kettle,  or  any  other 
similar  machine  or  contrivance,  or  from  any  open 
bin,  tank,  vat,  basin  or  other  receptacle." 

102.06  Organization  and  Work  of  the  Chicago 
Department  of  Smoke  Inspection:  The  organi- 
zation of  the  Chicago  Department  of  Smoke  In- 
spection consists  of  the  Mayor,  the  Smoke  Abate- 
ment Commission,  the  Advisory  Board  of  Me- 
chanical Engineers,  the  Smoke  Inspector  and  his 
staff.  The  active  staff  of  the  Smoke  Inspector 
in  1914  consisted  of  the  following: 

Smoke  Inspector       ............  i 

Chief  Deputy  Smoke  Inspector      ........  i 

Deputy  Smoke  Inspector  in  Charge    .......  i 

Mechanical  Engineers    ...........  10 

Deputy  Smoke  Inspectors  (stack  observers)  .....  10 

Clerks       ...............  2 

Stenographers      .............  3 


Total 


The  appropriation  for  the  work  of  the  Depart- 
ment during  the  year  1914  amounted  to  $39,735. 

The  reports  of  the  Department  show  that, 
owing  to  the  magnitude  of  the  work  involved  in 
covering  the  entire  area  of  the  city  of  Chicago 
with  an  effective  system  of  smoke  inspection, 
and  owing  also  to  the  limited  resources  of  the 
Department,  the  activities  are  now*  largely  con- 
fined to  an  area  of  "effective  inspection"  embrac- 
ing 67  square  miles  or  approximately  35  per  cent 
of  the  area  of  the  city.  Within  this  area  are 
located  large  power  plants,  many  roundhouses 
and  other  facilities  of  the  railroads,  and  a  portion 
of  the  city's  waterways.  This  area  has  been 
divided  into  8  large  divisions  or  districts  each 
of  which  is  subdivided  into  sections.  There 
are  33  sections  of  such  size  that  a  single  deputy 
smoke  inspector  may  cover  one  section  in  a  day. 
The  area  bounded  by  Chicago  Avenue,  Halsted 
Street,  22d  Street  and  Lake  Michigan,  which 
embraces  the  central  business  district,  is  divided 
into  7  lettered  sections,  and  the  remaining  terri- 
tory within  the  area  is  divided  into  26  numbered 
sections.  These  subdivisions  of  the  area  of  effec- 
tive inspection  are  shown  by  the  map,  fig.  7. 

•September.  1914. 
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FIG.  7.    AREA  OF  EFFECTIVE  INSPECTION  ESTABLISHED  BY  THE  CHICAGO  DEPARTMENT 

OF  SMOKE  INSPECTION 
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Each  district  is  in  charge  of  a  mechanical  engi 
neer  whose  duties  include  supervision  of  the  con- 
struction of  new  plants  and  other  co-operative 
service  to  plant  owners. 

Smoke  inspections  are  made  daily,  an  observer  or 
deputy  inspector  covering  one  section  in  a  day. 

In  the  administration  of  the  Smoke  Abatement 
Ordinance,  the  Department  of  Smoke  Inspection 
has  interpreted  its  responsibilities  broadly.  It 
has  endeavored  to  co-operate  with  owners  of  fuel 
consuming  plants  by  conducting  an  intelligent 
study  of  the  problem.  It  has  been  reasonable 
in  its  requirements  and  has  resorted  to  legal 
processes  only  when  a  lack  of  proper  support 
has  demanded  recourse  to  the  law.  The  work  of 
the  department  has  been  based  upon  the  Ringel- 
mann  Chart  method  of  observation.  The  legal 
prohibition  of  the  ordinance  referring  to  "dense 
smoke"  has  been  interpreted  to  mean  No.  3, 
No.  4  or  No.  5  smoke  and,  although  no  legal 
decision  has  been  given  on  this  point,  the  inter- 
pretation has  been  generally  accepted.  Emission 
of  dense  smoke  for  a  period  of  six  minutes  dur- 
ing any  hour  when  fires  are  being  cleaned  or  new 
fires  are  being  built  is  permitted  in  the  case  of 
stationary  plants.  Since  a  locomotive  in  service 
or  a  boat  under  way  does  not  ordinarily  clean  its 
fire,  the  department  has  followed  the  practice  of 
regarding  the  emission  of  dense  smoke  by  a  loco- 
motive or  boat  for  one  minute  or  more  a  violation 
of  the  ordinance. 

Stationary  stacks  and  boats  operate  under 
what  is  known  as  the  "thirty-day  rule, "  by  which 
two  violations  within  a  period  of  30  days  con- 
stitute sufficient  cause  for  suit.  When  a  report 
is  received  indicating  a  violation  of  the  ordinance, 
a  letter  is  sent  to  the  owner  or  responsible  party 
in  charge  of  the  plant  in  question  warning  him 
that  a  second  violation  within  30  days  will 
result  in  suit.  Should  a  second  violation  occur 
within  the  period  specified,  the  evidence  of  both 
violations  is  sent  to  the  prosecuting  attorney  and 
a  letter  is  directed  to  the  plant  owner  informing 
him  of  this  action. 

Formerly  a  letter  was  sent  to  the  responsible 
party  in  charge  of  a  plant  which  had  violated 
the  ordinance,  inviting  him  to  call  at  the  office 
of  the  Smoke  Inspector  to  explain  the  reason  for 
the  offense  and  to  discuss  methods  of  remedying 
the  trouble  if  any  should  exist.  This  procedure 
was  followed  for  five  or  six  years  before  the  more 


severe  policy  of  filing  suit  upon  the  second  vio- 
lation within  30  days  was  put  into  general 
practice  throughout  the  area  of  "effective  inspec- 
tion." This  policy  was  adopted  only  after  the 
Department  had  succeeded  in  obtaining  proper 
co-operation  from  a  large  majority  of  the  plant 
owners  and  had  labored  incessantly  in  its  endeavor 
to  secure  the  support  of  persistent  offenders  of  the 
ordinance.  The  department  reports,  as  a  result 
of  its  experience  in  dealing  with  such  offenders, 
that  recourse  to  the  law  has  seemed  to  offer  the 
only  satisfactory  means  of  obtaining  proper  com- 
pliance with  the  provisions  of  the  ordinance. 

The  method  of  inspection  applied  to  railroad 
locomotives  differs  from  that  applied  to  stationary 
plants,  in  that  the  work  is  handled  separately  by 
a  mechanical  engineer  who  devotes  all  his  time  to 
this  service.  This  engineer  endeavors  to  co- 
operate with  the  railroads  whenever  possible,  by 
instructing  engineers  and  firemen  in  methods  of 
operating  which  will  secure  a  minimum  amount 
of  smoke.  The  Department  reports  that  a  defi- 
nite policy  of  dealing  with  the  railroads  in  the  mat- 
ter of  violations  of  the  smoke  ordinance  has  been 
developed  from  data  obtained  during  the  past  seven 
years,  which  serve  to  indicate  the  relative  oppor- 
tunity the  Department  has  of  observing  violations 
on  railroads,  due  to  the  following  conditions : 

1.  The  location  of  the  railroads. 

2.  The  number  of  locomotives  operated  by 
the  railroads. 

3.  The  opportunity  of  observing  locomotive 
stacks  as   compared   with   the  opportunity  of 
observing  the  average  stationary  stack. 

With  consideration  to  these  factors,  a  schedule 
has  been  developed  which  permits  a  varying  num- 
ber of  violations  per  month  for  each  railroad. 

In  an  effort  to  co-operate  with  the  Department 
of  Smoke  Inspection,  the  railroads  have  in  many 
cases  employed  special  smoke  inspectors  whose 
duties  include  the  making  of  observations  of 
smoke  emissions  by  locomotives,  the  rendering 
of  full  reports  of  each  observation  to  the  motive 
power  departments,  the  investigation  of  the  city's 
complaints  and  the  proper  instruction  of  loco- 
motive firemen.  The  railroads  have  in  many 
cases  adopted  a  strict  practice  of  dealing  with 
careless  or  indifferent  employes  by  imposing 
penalties  such  as  suspension  or  even  dismissal 
from  the  service.  The  railroads  now  *  employ 
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38  regular  smoke  inspectors  who  devote  all  their 
time  to  the  work,  and  12  others  who  devote  a 
major  portion  of  their  time  to  the  work.  These 
are  organized  as  the  Railroad  Smoke  Inspectors' 
Association  of  Chicago.  This  force  greatly  ex- 
ceeds the  entire  number  of  employes  in  the  city's 
Department  of  Smoke  Inspection,  and  its  main- 
tenance has  operated  greatly  in  reducing  the 
amount  of  smoke  emitted  by  locomotives. 

In  the  case  of  steamboats  the  method  of  in- 
spection is  similar  to  that  employed  for  steam 
locomotives,  with  the  exception  that  each  steamer 
operates  on  the  thirty-day-rule  basis,  in  the  same 
manner  as  do  stationary  stacks.  The  work  is 
in  charge  of  a  mechanical  engineer  who  co- 
operates, whenever  possible,  with  owners  and 
engineers  by  suggesting  means  and  methods 
of  abating  smoke.  The  deputy  inspectors  or 
observers  on  the  waterways  report  all  smoke  seen 
whether  issuing  from  boats  or  from  other  sources. 

102.07  Results  Obtained  in  Smoke  Abate- 
ment :  As  a  result  of  the  activities  of  the  Depart- 
ment of  Smoke  Inspection  there  has  been  an 
unquestioned  improvement  in  atmospheric  condi- 
tions in  Chicago.  It  is  difficult  to  estimate  the 
degree  of  this  improvement  but  some  measure  of 
it  may  be  shown  by  the  reduction  in  the  number 
of  violations  of  the  ordinance,  which,  for  the  year 
ending  October  i,  1910,  was  about  30  per  cent. 
In  the  reports  of  the  Department  of  Smoke  Inspec- 
tion, the  opinion  is  expressed  that  the  improve- 
ment in  conditions  has  been  marked  in  all  classes  of 
service,  and,  in  the  case  of  steam  locomotives,  the 
report  of  February,  1911,  states  that  the  reduction 
in  locomotive  smoke  "is  probably  in  about  the 
ratio  of  41  per  cent  to  22  per  cent."  The  state- 
ment is  also  made  in  this  report  that  there  is 
little  hope  of  further  material  improvement  with 
reference  to  locomotive  smoke  under  the  present 
conditions  of  steam  operation.  The  experience 
of  the  Department  of  Smoke  Inspection  during 
the  past  three  years,  however,  is  stated  to  have 
shown  that  the  smoke  from  locomotives  can  be 
reduced  to  a  point  not  thought  possible  at  the 
time  the  1911  report  was  published.  It  is  said 
that  now  it  is  not  unusual  for  the  locomotive 
smoke  in  the  entire  area  of  effective  inspection  to 
be  as  low  as  6  or  7  per  cent  over  periods  of  several 
weeks  and  it  is  believed  that  it  will  soon  be  easily 
possible  to  maintain  this  low  percentage  regularly. 


Based  upon  the  study  and  experience  of  the 
first  four  years  of  its  existence,  the  Department 
of  Smoke  Inspection  in  the  report  of  1911  makes 
reference  to  the  success  of  the  methods  employed, 
and  recommends  certain  improvements  and 
changes  for  the  guidance  of  those  who  are  inter- 
ested in  making  further  progress.  Of  first  impor- 
tance is  considered  the  work  of  supervision  of  new 
plants.  The  policy  of  co-operation,  which  pro- 
vides assistance  and  engineering  advice  to  plant 
owners,  is  regarded  as  the  most  successful  means 
of  abating  smoke. 

Among  recommendations  made  by  the  pres- 
ent *  Chicago  Department  of  Smoke  Inspection  are : 

1 .  Adequate  space  should  be  provided  for  boil- 
ers and  furnaces. 

2.  Plant  owners  and  firemen  should  be  given 
to  understand  that  the  requirements  with  re- 
gard to  draft  are  by  far  the  most  important  and 
that  chimneys  wherever  possible  should  be  not 
less  than  100  feet  high. 

3.  The   use   of   automatic   stokers  is  recom- 
mended for  all  plants  having  a  boiler  capacity 
above  200  horse-power  and  it  is  suggested  that  all 
classes  of  boilers  be  set  higher  than  formerly  in 
order  to  provide  ample  combustion  space  and  to 
allow  the  installation  of  proper  furnaces.    Smoke 
devices,  so-called,  are  not  in  themselves  sufficient 
to  meet  the  requirements  of  the  Department. 

Other  recommendations  are  made  with  reference 
to  improvements  in  office  systems  and  details  of 
work  incident  to  the  conduct  of  the  Department. 

102.08  Conclusions:  It  is  evident  from  the 
facts  presented  in  the  preceding  sections  that 
public  interest  in  the  problem  of  smoke  abatement 
is  keen  and  active,  and  that  the  progress  resulting 
from  the  Ordinance  of  1907  and  from  the  intelligent 
work  of  the  Department  of  Smoke  Inspection  has 
been  significant.  The  department  has  devised 
methods  by  which  smokeless  combustion  of  fuel 
may  be  had  in  both  hand-fired  and  stoker-fired 
furnaces,  and  it  has  also  shown  that  fires  in 
stationary  plants  may  be  cleaned  without  emitting 
visible  smoke.  It  has,  however,  concerned  itself 
only  with  the  practical  questions  of  reducing 
visible  smoke.  It  is  apparent  that  the  whole 
problem  of  smoke  abatement,  including  that  of 
suppressing  the  solid  constituents  of  smoke,  is  one 
of  great  magnitude  and  that  its  scientific  aspects 
have  not  as  yet  been  dealt  with  by  the  city. 
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103.     THE  TERRITORY  EMBRACED  BY  THE  COMMITTEE'S 

INVESTIGATION 


SYNOPSIS:  The  Committee's  Area  of  Investigation  embraces  a  territory  of  428  square 
miles.  This  area  includes  two  zones,  namely,  Zone  A ,  which  is  co-extensive  with  the  city  of  Chicago, 
and  Zone  B,  which  comprehends  an  outlying  area  of  234  square  miles  completely  surrounding  the 
city  except  on  the  east,  or  lake  side.  Practically  all  the  important  yards,  terminals  and  other 
railroad  establishments  of  Chicago  are  located  within  the  Area  of  Investigation. 


103.01  The  Area  of  Investigation:     In  enter- 
ing upon  a  study  of  Chicago's  atmosphere  and  of 
the  sources  of  its  pollution,  it  was  early  deter- 
mined to  give  attention  not  merely  to  the  area 
within  the  corporate  limits  of  the  city  but  also 
to   a   limited    area   of   outlying   territory.     The 
activities  of  the  city  and  of  its  suburbs  inter- 
mingle and  the  interests  of  residents  of  city  and 
suburb  are  in  many  respects  common.     More- 
over,   smoke    in    the    atmosphere    is    extremely 
portable.     When  carried  over  the  city  from  out- 
side sources  smoke  is  as  effective  in  polluting  the 
atmosphere  as  when  arising  from  sources  within 
the  city  itself.     After  careful  consideration  had 
been  given  the  various  manufacturing  and  trans- 
portation activities  to  be  included,  the  Area  of 
Investigation  was  denned  as  that  which  lies  be- 
tween Lake  Michigan  and  the  boundary  indicated 
by  a  black  line  drawn  on  the  official  map  of  the 
Committee.     The  area  is  shown  by  fig.  8  in  its 
relation  to  certain  well  known  geographical  fea- 
tures, and  by  fig.  9  in  its  relation  to  the  location 
of  railroads. 

103.02  Characteristics  of  the  Territory:    The 

territory  thus  defined  embraces  all  of  the  more 
important  railroad  yards  in  Chicago  and  its 
immediate  vicinity.  Its  boundaries  are  prac- 
tically identical  with  those  of  the  "Chicago  Dis- 
trict" within  which  the  several  railroads  con- 
cerned move  cars  and  interchange  traffic  under  a 
uniform  code  of  rules.  Its  extent  is  as  follows: 


In  Illinois 
In  Indiana 


SQ.    MILES 

386 
42 


Total 428 

Within  this  territory  39  different  railroad  com- 
panies operate.     Of   this   number,    25    maintain 
passenger  and  freight  service  and  23  are  classed  as 
4 


trunk  lines,  while  1 4  perform  transfer  or  switching 
service  only.  Of  the  trunk  lines,  8  have  no 
main  tracks  within  the  city  limits  but  operate 
trains  into  the  Chicago  terminals  over  the  tracks 
of  other  companies.  Twelve  railroads  operate 
wholly  within  the  Area  of  Investigation.  A  list 
of  the  39  railroad  companies  follows: 

Atchison,  Topeka  &  Santa  Fe  Railway. 

Baltimore  &  Ohio  Railroad. 

Baltimore  &  Ohio  Chicago  Terminal  Railroad. 

Calumet,  Hammond  &  Southeastern  Railroad. 

Chesapeake  &  Ohio  Railway  of  Indiana. 

Chicago  &  Alton  Railroad. 

Chicago  &  Calumet  River  Railroad. 

Chicago  &  Eastern  Illinois  Railroad. 

Chicago  &  Erie  Railroad. 

Chicago  &  Illinois  Western  Railroad. 

Chicago  &  North  Western  Railway. 

Chicago    &    Western    Indiana    Railroad    and 
the  Bejt  Railway  of  Chicago. 

Chicago,  Burlington  &  Quincy  Railroad. 

Chicago  Great  Western  Railroad. 

Chicago,  Indiana  &  Southern  Railroad. 

Chicago,  Indianapolis  &  Louisville  Railway. 

Chicago  Junction  Railway. 

Chicago,  Milwaukee  &  St.  Paul  Railway. 

Chicago  River  &  Indiana  Railroad. 

Chicago,  Rock  Island  &  Pacific  Railway. 

Chicago  Short  Line  Railway. 

Chicago  Union  Transfer  Railway. 

Chicago,  West  Pullman  &  Southern  Railroad. 

Elgin,  Joliet  &  Eastern  Railway. 

Grand  Trunk  Western  Railway. 

Illinois  Central  Railroad. 

Illinois  Northern  Railway. 

Indiana  Harbor  Belt  Railroad. 

Lake  Shore  &  Michigan  Southern  Railway. 

Manufacturers'  Junction  Railway. 

Michigan  Central  Railroad. 

Minneapolis,  St.  Paul  &  Sault  Ste.  Marie  Railway. 

New  York,  Chicago  &  St.  Louis  Railroad.     x 

Pere  Marquette  Railroad 

Pittsburgh,    Cincinnati,    Chicago    &    St.    Louis 
Railway. 

Pittsburgh,  Fort  Wayne  &  Chicago  Railway. 

Pullman  Railroad. 

Wabash  Railroad. 
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The  location  of  railroad  tracks  within  the  Area 
of  Investigation  is  indicated  in  fig.  9.  When  the 
city  was  small,  railroad  stations  were  established 
at  convenient  points  and  railroad  yards  were 
built  in  the  suburbs.  The  city's  growth  in  time 
enveloped  these  yards  and  the  railroads,  without 
relinquishing  the'  facilities  already  possessed,  built 
new  and  larger  yards  farther  out,  which  in  many 
cases  also  have  been  enveloped.  In  the  working 
out  of  this  process  of  expansion  and  envelop- 
ment, the  more  important  railroads  have  devel- 
oped a  series  of  establishments  along  the  line  of 
their  tracks,  from  the  city  terminus  outward. 
These  have  taken  the  form  of  passenger  and  freight 
terminals,  team  yards,  repair  shops,  locomotive 
engine  houses,  coach  yards,  receiving  and  sorting 
yards  for  freight,  and  freight  interchange  tracks. 
Establishments  within  the  city  have  not  been 
relinquished  when  new  facilities  farther  out  have 
been  provided,  because  the  added  establishment 
has  been  necessary  to  meet  the  demands  for 
increased  service,  and  the  possession  of  many 
points  for  the  concentration  and  distribution  of 
business  within  the  city  has  contributed  to  the 
convenience  of  local  communities  as  well  as  to 
the  business  advantage  of  the  railroads.  As  a 
result  the  Area  of  Investigation  is  now  intersected 
by  numerous  lines  of  railroad  track  and  marked 
by  the  location  of  many  yards  and  other  centers 
of  railroad  activity.  The  extent  of  railroad  tracks 
within  the  Area  of  Investigation  is  as  follows: 

•  MILES 

Main  and  other  running  tracks 1746 

Yard  and  other  side  tracks 2144 

Industrial  tracks  owned  by  railroad  companies     .      .      .  390 

Industrial  tracks  privately  owned 222 

Total 4502 

Transportation  activities  include  a  considera- 
ble amount  of  water  traffic  within  and  about  the 
Area  of  Investigation.  The  extent  of  waterways 
involved  is  as  follows : 

MILES 

Chicago  River  and  its  branches 15.3 

Grand  Calumet  River 14.3 

Little  Calumet  River 3.9 

Drainage  Canal 9.4 

Ship  canals  in  Indiana 5.4 

Shore  line  of  Lake  Michigan 36.3 

Total 84.6 

As  a  matter  of  convenience  in  the  presentation 
of  facts,  the  territory  embraced  by  the  Com- 
mittee's investigation  as  already  described  has 


zone   is   co-extensive 
It  is  that  area  which, 


been  divided  into  two  zones  which  will  hereafter 
be  referred  to  as  "Zone  A"  and  "Zone  B," 
respectively  (see  fig.  8). 

103.03  Zone   A:     This 
with  the  city  of  Chicago.* 

in  figs.  8  and  9,  is  embraced  by  the  broken  line. 
It  extends  north  and  south  a  distance  of  26  miles 
and  its  average  width  is  approximately  8  miles. 
It  touches  on  the  north  the  corporate  limits  of 
Evanston  and  on  the  south  the  open  prairies 
beyond  Lake  Calumet.  Its  eastern  bound- 
ary is  Lake  Michigan  and  the  Illinois-Indiana 
State  Line.  It  presents  23.4  miles  of  shore  line 
on  Lake  Michigan  and  includes  an  area  of  194.4 
square  miles,  t  Its  important  characteristics  in 
their  relation  to  the  problem  of  smoke  abatement 
are  significant.  Its  so-called  "loop  district,"  in 
which  are  centralized  the  city's  financial  and 
commercial  activities,  contains  the  lofty  office 
buildings,  the  principal  hotels,  and  the  buildings 
of  the  City,  County  and  National  Governments. 
The  city's  manufacturing  districts  include  the 
extensive  establishments  in  South  Chicago,  Pull- 
man, the  Union  Stock  Yards  and  the  Central 
Manufacturing  District.  Its  industries  engaged 
in  the  handling  and  storing  of  fuel,  and  of  lumber 
and  other  building  materials  occupy  large  areas 
on  both  branches  of  the  Chicago  River.  Its 
network  of  steam  railroad  tracks,  its  numerous 
and  extensive  railroad  yards,  and  its  shops  and 
other  terminal  facilities  for  the  care  and  handling 
of  railroad  equipment  are  well  distributed  over 
its  area.  Within  the  city  are  many  beautiful 
parks  and  boulevards  and  extensive  residential 
districts.  These  are  some  of  the  factors  to  be 
dealt  with  in  a  comprehensive  study  of  the  problem 
of  atmospheric  pollution. 

The  trackage  of  steam  railroads  in  Zone  A  is 
as  follows: 

MILES 

Main  and  other  running  tracks        ........  1005 

Yard  and  other  side  tracks 1387 

Industrial  tracks 448 

Total 2840 

103.04  Zone  B:     This  zone  comprises  the  ir- 
regular belt   of    territory  extending  around  the 

*  The  history  of  the  city,  the  significance  of  its  present  activities,  its  rate  of 
growth  and  the  possibilities  of  its  future  development  are  presented  in  the 
Introduction  to  this  report  (sections  I.OI  to  1.09,  inclusive). 

t  This  area  includes  the  village  of  Morgan  Park  (3.1  square  miles^,  the 
annexation  of  which  to  Chicago  was  held  invalid  by  the  State  Supreme  Court, 
June  21,  1912.  more  than  a  year  after  the  Committee  began  its  investigations. 
It  has  since  been  made  a  part  of  the  city.  It  does  not  include  a  large  number 
of  parcels  of  "made"  land,  1.7  square  miles  in  extent,  lying  along  the  shore  of 
Lake  Michigan. 
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city  of  Chicago  from  the  lake  on  the  north  to  the 
lake  on  the  south,  represented  in  figs.  8  and  9  as 
the  area  between  the  boundary  of  the  city  and 
the  heavy  black  line  bounding  the  Area  of  Investi- 
gation. It  presents  12.9  miles  of  shore  line  along 
Lake  Michigan.  It  includes  most  of  the  city  of 
Evanston,  nearly  two  score  suburban  villages  in 
Illinois,  and  the  manufacturing  cities  of  Ham- 
mond, Whiting  and  East  Chicago  in  Indiana; 
it  contains  also  extensive  areas  of  unimproved 
land.  It  is  traversed  by  all  railroads  entering 
the  city  and  is  occupied  by  many  large  railroad 
yards  such  as  those  at  Godfrey,  Proviso,  Clearing 
and  Dolton  in  Illinois,  and  those  at  Gibson  and 
Kirk  in  Indiana.  From  the  standpoint  of  railroad 
activity,  Zone  B  is  the  hinterland  of  the  city. 
Trunk  and  belt  lines  make  it  common  ground  up- 
on which  to  interchange  cars  entering  or  leaving 
Chicago  as  well  as  those  destined  to  points  beyond. 
The  extent  of  its  activities  may  be  judged  by  the 
fact  that  it  contains  59  railroad  yards  and  1,662 
miles  of  track,  as  follows: 


MILES 

741 

757 

164 

Total 1,662 


Main  and  other  running  tracks 
Yard  and  other  side  tracks   . 
Industrial  tracks  . 


103.05  Summary  of  Statistical  Facts :  A  sum- 
mary of  statistical  facts  relating  to  the  Area  of 
Investigation  and  to  the  extent  of  its  railroad  es- 
tablishments and  its  waterways,  of  interest  in  their 
relation  to  the  present  study,  is  presented  as 
table  XXXIX. 

TABLE    XXXIX.     SUMMARY   OP   GENERAL  STATISTICS  RELAT- 
ING TO  THE  AREA  OP  INVESTIGATION 


lum 

S~B 

Total 
ZoMAAB 

1 

2 

3 

I 

104.4* 

233  9 

428  3 

Population.  U.  B.  Census  1010        .  . 

2,186,283 

JM.SflOt 

2.380.1621 

-.1 

4^02 

i    - 

711 

71. 

Yard  and  other  side  track                       " 

;    .-; 

757 

2.144 

Industrial  track  owned  by  railroad*.  " 
Industrial  track  owned  by  indiutrie*  " 

i 

183 
87 

'sS 
40 

390 
222 
107 

• 

19 

70 

BunincM  firms  having  private  or  indivi- 

1.816 

388 

2,001 

Number   of   locations   of   industrial  side 
tracks  

•    •  , 

496 

MM 

Bridges  over  or  carrying  railroad  tracks 
Locomotive  engine  houses,  Dumber  
Locomotive    engine  houses,  capacity    in 

:.-  i 
48 

>  'i 

548 
19 

238 

2.399 
86 

1,129 

SI 

22 

73 

40 

133 

85 

19 

84 

44 

14 

88 

Water  tanka 

82 

40 

138 

88 

43 

131 

M 

43 

123 

879 

316 

1.195 

63  2 

31  4 

84  8 

Shore  line  of  Lake  Michigan 

23  4 

12  9 

38  3 

15  3 

15  3 

DrimiitfEf  C'ftnal  

3.7 

6.7 

9.4 

Grand  Calumet  River  

8  9 

5  4 

14  3 

Little  Calumet  River  

1.9 

2.0 

3.9 

Ship  canals  in  Indiana  

6.4 

a.  4 

•Includes  village  of  Morgan  Park  (3.1  square  miles). 
t  Approximate. 
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OF  COAL  UNLOADED  FROM  CARS 
WITH  TRACK  CONNECTION. 

INSTRUCTIONS. 


1.  Coal  should  be  reported  in  tons  of  2000  Ibs. 

2.  Report  only  coal  delivered  to  industries  by  this  company. 

3.  This  report  covers  the  territory  defined  by  the  accompanying  Official  Terminal  Map. 

4.  All  companies  will  make  such  notations  on  their  transfer  pilling  to  connecting  lines  concerning  "Name  of  State,"  kind  of  coal,  and  weight, 

as  will  enable  company  making  final  delivery  to  properly  report  coal  delivered  by  it. 


DESIGNATION 
AND  LOCATION 
OF  UNLOADING  TRACK 

NO. 

CABS 

FROM, 

COAL  FOR  USE  OF  INDUSTRIES  WITH  TRACK  CONNECTION 

NAME 

TONS 

TONS  BITUMINOUS 

STATE 

ANTH. 

COKE. 

POC. 

LUMP. 

EGO. 

NUT. 

SCREEN. 

OTHER. 

TONS 

H.    Boora  ft  Co. 

1 

111. 

54 

54 

47th  ft  Center  Ave. 

1 

Ind. 

33 

33 

U.    S.    Yards 

1 

Ind. 

32 

32 

M 

1 

111. 

50 

50 

M 

1 

in 

52 

52 

1? 

1 

111. 

44 

44 

fl 

1 

Tnd. 

44 

44 

H 

1 

Ind. 

40 

40 

It 

1 

Ind. 

45 

45 

« 

1 

111. 

50 

50 

• 

1 

111. 

48 

48 

M 

1 

111. 

44 

44 

H 

1 

111. 

29 

29 

N 

1 

111. 

44 

44 

* 

1 

111. 

41 

41 

(J 

1 

Ind. 

4O 

40 

M 

1 

111. 

55 

55 

H 

1 

111. 

55 

55 

M 

1 

111. 

51 

51 

M 

1 

Ohio 

42 

42 

Bennett-O'Connell  Co. 

1 

W.  Va. 

47 

47 

3600  So.    Morgan  St. 

Jas.    A.  Brady  Fdy.    Co. 

1 

111. 

28 

28 

35th  ft  Ashland  Av. 

1 

111. 

28 

28 

M 

2 

111. 

54 

54 

N 

1 

111. 

26 

26   1 

M 

1 

111. 

23 

23 

H 

1 

111. 

24 

24 

M 

1 

111. 

22 

22 

H 

1 

Pa. 

30 

30 

30 

30 

205 

47 

369 

85 

363 

76 

1175 

FIG.  10.  TYPICAL  RAILROAD  REPORT  OF  DELIVERY  OF  REVENUE  FUEL 


104.    COAL  AM)  COKE  CONSUMPTION* 


SYNOPSIS:  Smoke  in  the  atmosphere  has  its  origin  in  the  combustion  of  fuel.  This  chapter 
presents  the  results  of  an  investigation,  made  possible  through  the  co-operation  of  many  different 
agencies,  showing  the  origin  and  quantities  of  coal  and  coke  consumed  by  different  fuel  consuming 
services  within  defined  subdivisions  of  the  Area  of  Investigation.  The  methods  employed  are 
briefly  described. 


COAL  AND  COKE  DELIVERED  AND 
CONSUMED 

104.01  Fuel    Consumption   and   Atmospheric 
Pollution:    Smoke,  as  a  polluting  agency  in  the 
atmosphere,  has  its  origin  in  fuel.     The  amount 
of  smoke  arising  from  different  classes  of  service 
is  in  each  case  a  function  of  the  quantity  of  fuel 
consumed.     In  recognition   of  this  fact  it  was 
early  determined   to  ascertain  with  as  high   a 
degree  of  accuracy  as  possible  the  total  amount 
of  coal  and  coke  consumed  within  the  Area  of 
Investigation,  the  origin  of  the  fuel,  so  far  as  this 
would  aid  in  defining  its  character,  and  the  vari- 
ous classes  of  service  in  which  it  was  consumed. 
This  has  now,  through  the  co-operation  of  many 
different  agencies,  been   accomplished   and   sta- 
tistical   records   have   been   made   covering   the 
calendar  year  1912.     Facts  collected  have  been 
summarized  and  where  possible  checked  against 
each  other.     The   methods  employed  in  the  in- 
vestigation and  the  results  obtained  are  set  forth 
in  the  sections  which  follow. 

104.02  Coal  and  Coke  Deliveries:   All  of  the 
coal    and    coke    consumed   within   the   Area   of 
Investigation  is  delivered  either  by  rail  or  by 
water.     The  records  for  the  year  1912  indicate 
that  approximately  90  per  cent  is  brought  in  by 
railroads  and  10  per  cent  by  vessels.     That  part 
of  the  solid  fuel  brought  in  by  railroads  and 
consigned  to  dealers  and  consumers  is  herein- 
after referred  to  as  "revenue  fuel,"  in  contra- 
distinction from  that  brought  in  by  railroads  for 
their  own  use,  which  is  hereinafter  referred  to 
as  ' '  company  fuel "  or  "  railroad  fuel . ' '     Company 
fuel  includes  the  coal  and  coke  required  for  use 
in  locomotives,  in  railroad   heating  and   power 

•  A  complete  record  of  methods  employed  in  the  investigation  here  reported 
«nd  of  statistics  compiled  is  preserved  in  the  Archives  of  the  Committee. 
Vols.  L  I  and  L  a. 


plants  and  in  shops.  Obviously,  there  is  a  close 
relation  between  the  coal  delivered  and  the  coal 
consumed  during  any  given  period.  The  two 
quantities,  however,  were  not  identical  for  the 
year  1912,  and,  in  using  statistics  relating  to 
deliveries  as  a  basis  for  determining  consumption, 
certain  corrective  factors  have  been  introduced, 
the  character  and  extent  of  which  will  be  herein- 
after discussed. 

104.03  Coal  and  Coke  Delivered  by  Rail  as 
Revenue  Freight :  Throughout  the  year,  the  rail- 
roads made  monthly  reports  on  blanks  furnished 
by  the  Committee,  covering  all  coal  and  coke 
deliveries  by  rail.  These  reports  gave  information 
as  to  weights,  names  of  consignees  and  points  of 
delivery.  Three  different  classes  of  delivery  were 
recognized  by  these  reports,  a  separate  form  being 
used  for  each  class: 

1.  Form  7  provided  for  coal  and  coke  unload- 
ed from  cars  at  industries  having  track  connec- 
tions. 

2.  Form  8  provided  for  coal  and  coke  unload- 
ed from  cars  at  coal  yards  having  track  connec- 
tions. 

3.  Form  9  provided  for  coal  and  coke  unloaded 
from  cars  at  team  tracks. 

Reports  upon  these  three  forms  were  returned 
each  month,  transmission  usually  being  direct 
from  the  agent  at  the  point  of  delivery  to  the 
office  of  the  Committee.  In  the  case  of  a  few 
roads,  reports  from  the  several  agents  were  sent 
first  to  the  central  office  of  the  road  and  there 
reduced  to  a  unit  report  which,  when  completed, 
was  forwarded  to  the  Committee.  The  process 
involved  the  return  of  more  than  7,000  report 
sheets,  covering  the  business  of  more  than  aoo 
separate  railroad  agencies.  A  typical  report 
form,  as  filled  out  and  returned  by  an  agent,  is 
presented  as  fig.  10. 
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Precaution  was  taken  in  the  office  of  the  Com- 
mittee to  avoid  any  inaccuracies  in  the  returns 
received.  Many  of  the  reports  were  made  the 
subject  of  individual  inquiry  for  the  purpose  of 
verifying  or  correcting  the  quantities  presented. 
All  facts  reported  were  re-tabulated  and  trans- 
ferred to  cards  prepared  for  use  in  a  system  of 
automatic  tabulation,*  the  machines  of  which  are 
capable  of  sorting  such  cards  and  totaling  values 
entered  upon  them,  quickly  and  accurately.  The 
process  of  making  up  statistical  cards  to  give 
the  desired  information  concerning  the  delivery 
by  rail  of  revenue  fuel  for  the  year  1912  necessi- 
tated some  60,000  individual  entries. 

The  results  show  that  the  railroads  delivered 
during  the  year  1912  a  total  of  17,563,711  tons 
of  revenue  fuel  to  all  classes  of  consumers  within 
the  Area  of  Investigation. 

104.04  Coal  and  Coke  Delivered  by  Boat  as 
Revenue  Freight:  Through  the  courtesy  of  the 
United  States  Collector  of  Customs,  Port  of 
Chicago,  and  by  permission  granted  •  by  the 
Department  of  Commerce  and  Labor,  the  Com- 
mittee obtained  from  the  Collector's  office  a 
record  of  all  cargoes  of  coal  and  coke  delivered 
during  1912  at  the  ports  of  Chicago  and  South 
Chicago,  together  with  the  names  of  consignees. 
Through  the  information  thus  obtained,  it  was 
possible  to  trace  the  fuel  delivered  by  boats 
directly  to  consumers  or  to  dealers,  and  thence  to 
the  various  classes  of  service  in  which  it  was  con- 
sumed. Facts  thus  secured  were  combined  to 
form  monthly  records  covering  each  point  of 
delivery  or  each  important  consignee,  and  were 
afterwards  carried  forward  to  statistical  cards 
which  permitted  them  to  be  re-grouped  and 
summarized. 

Coal  placed  in  the  bunkers  of  steam  vessels 
at  points  outside  the  Area  of  Investigation,  and 
consumed  by  the  vessels  themselves  within  the 
area,  was  made  the  subject  of  an  independent 
investigation,  the  details  of  which  are  hereinafter 
presented. 

The  results  show  that,  during  the  year  1912, 
boats  delivered  coal  and  coke  totaling  1,706,556 
tons  to  consumers  and  dealers  within  the  Area 
of  Investigation. 

*  The  Hollerith  system  of  automatic  tabulation  was  employed.    For  a  more 
complete  description  of  this  system,  see  section  202.07. 


104.05  Coal  and  Coke  Consumed  by  Steam 
Locomotives  in  Service:  The  methods  to  be 
employed  in  determining  the  quantity  of  fuel 
consumed  by  steam  locomotives  were  made  the 
subject  of  a  number  of  conferences  between  the 
staff  of  the  Committee  and  representatives  of 
various  railroads.  As  the  result  of  facts  brought 
forth  at  these  meetings,  it  was  decided  that  an 
accurate  determination  of  the  amounts  of  fuel 
consumed  in  this  service  must  be  based  upon 
detailed  reports  from  each  of  the  several  rail- 
roads. Blank  forms  for  such  reports  and  full 
instructions  for  their  use  were  then  prepared 
by  the  Committee  for  each  class  of  locomo- 
tive service.  The  different  locomotive  services 
recognized  were  as  follows: 

1.  Yard. 

2.  Road  freight. 

3.  Freight  transfer. 

4.  Passenger  transfer. 

5.  Through  passenger. 

6.  Suburban  passenger. 

The  estimate  of  the  coal  consumed  by  loco- 
motives was  based  upon  the  results  of  records 
kept  during  five  observation  periods  t  of  a  week 
each.  These  periods  occurred  in  the  months 
of  January,  March,  May,  August  and  October, 
each  observation  week  beginning  on  the  second 
Tuesday  of  the  month  and  continuing  day  and 
night  for  seven  days.  All  the  fuel  consumed  by 
steam  locomotives  operating  within  the  Area  of 
Investigation  was  reported  for  each  day  during 
these  weeks.  The  average  daily  consumption  for 
all  of  the  observation  periods  was  taken  as  the 
basis  for  determining  the  total  amount  of  fuel 
consumed  during  the  year. 

Although  the  Committee  sought  to  secure  uni- 
formity in  the  process  of  making  up  the  reports, 
the  methods  employed  were  not  the  same  for  all 
roads.  The  fuel  consumed  in  the  yard  and 
transfer  services  was  determined  by  most  roads 
on  a  locomotive-hour  basis,  while  that  consumed 
in  the  road  freight  and  passenger  services  was 
based  on  such  units  as  the  locomotive-mile,  the 
ton-mile,  the  car-mile  or  the  ton-hour,  some 
roads  employing  one  basis  and  some  another. 
Several  railroads  conducted  tests  on  locomotives 
in  service  in  order  to  establish  a  basis  from  which 

t  Other  facts  covered  by  the  records  kept  during  these  periods,  the  influences 
governing  the  selection  of  periods,  and  the  methods  employed  in  reducing  the 
information  to  a  form  suited  to  the  Committee's  requirements,  are  discussed 
in  chapter  202. 
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to  determine  the  consumption.  Others  based 
their  reports  upon  statistical  records  of  fuel  con- 
sumption. Regardless,  however,  of  the  methods 
employed,  the  reports  were  sufficiently  compre- 
hensive to  provide  a  basis  for  the  elaborate  dis- 
tribution of  quantities  subsequently  made  by  the 
Committee.  All  reports  were  carefully  examined 
in  the  office  of  the  Committee,  and  those  which 
exhibited  material  variation  from  the  average,  or 
obvious  discrepancies,  were  made  the  subject  of 
prompt  investigation  for  verification  or  correction.* 
The  reports  gave  the  points  between  which  or 
the  location  at  which  the  movement  requiring 
the  fuel  took  place.  For  the  purpose  of  aiding 
in  apportioning  the  fuel  to  the  districts  in  which 
it  was  consumed,  all  of  the  railroad  lines  were 
divided  into  sections  of  varying  lengths  which 
were  called  "route  elements."  The  termini  of 
these  were  fixed  as  points  at  which  traffic  ordi- 
narily might  vary  in  direction  or  amount,  such 
as  yards  or  junctions,  or  at  which  it  crossed 
the  boundaries  of  either  Zone  A  or  Zone  B,  and 


suini-d  by  locomotives  in  service  within  the  Area 
of  Investigation  during  the  year  1912  are  pre- 
sented in  table  XL. 

104.06  Coal  and  Coke  Consumed  by  Steam 
Locomotives  at  Locomotive  Terminals:  The 
amount  of  fuel  consumed  by  steam  locomo- 
tives at  each  locomotive  terminal  within  the  Area 
of  Investigation  was  reported  by  the  railroads 
monthly,  throughout  the  year  1912,  on  forms 
provided  by  the  Committee.  These  reports  pre- 
sented a  complete  record  of  the  number  of  loco- 
motives at  the  terminal  each  day,  the  class  of 
service  to  which  each  locomotive  belonged,  the 
number  of  locomotive-hours  spent  and  the  amount 
of  fuel  consumed  at  the  terminal.  The  methods 
employed  by  the  roads  in  determining  this  fuel  were 
essentially  the  same  as  those  employed  in  determin- 
ing the  fuel  consumed  by  locomotives  in  service.  All 
reports  were  carefully  examined  and  individual  re- 
ports which  showed  material  variation  from  the 
average  were  made  the  subject  of  investigation. 

The  results  show  that  the  total  amount  of  fuel 


TABLE  XL.     COAL  CONSUMED  BY  STEAM  LOCOMOTIVES  IN  SERVICE  WITHIN  THE  AREA  OF  INVESTIGATION  DURING  1912 
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a  route  map  was  prepared  on  which  the  element 
termini  were  designated  by  circles  and  numbers. 
This  map  is  presented  as  fig.  1 1 . 

From  the  reports  concerning  train  movements, 
involving  a  number  of  elements  or  locomotive 
movements  within  a  yard  or  district,  the  fuel 
consumed  in  each  element  or  in  each  yard  was 
determined  on  a  mileage  or  hourly  basis.  The 
individual  records  of  consumption  by  yards  and 
elements  were  carried  forward  to  individual  statis- 
tical cards,  1,400,000  of  which  were  required  for 
the  entire  record.  By  sorting  these  cards  in  auto- 
matic sorting  machines  and  tabulating  the  data 
in  automatic  tabulating  machines,  the  detailed 
information  concerning  distribution  was  obtained. 

The  results  showing  the  amount  of  coal  con- 

»  Typical  report!  covering  fuel  consumed  by  steam  locomotive*  are  presented 
as  figs.  391  to  395.  section  202.01. 


consumed  by  steam  locomotives  at  locomotive 
terminals  during  1912  was  260,167  tons. 

104.07  Coal  and  Coke  Consumed  by  Rail- 
road Stationary  Plants:  It  was  found  that  304 
stationary  plants  for  power,  heating  or  other 
purposes  were  operated  in  the  Area  of  Investi- 
gation by  39  railroads.  Monthly  reports  set- 
ting forth  the  quantity  of  fuel  consumed  by  each 
of  these  plants  were  furnished  by  the  railroads, 
throughout  the  year  1912,  on  blank  forms  sup- 
plied by  the  Committee.  The  preparation  of 
these  reports  presented  few  difficulties  and  they 
were  found  generally  accurate  and  comprehen- 
sive, requiring  little  attention  from  the  Commit- 
tee for  verification  or  correction. 

The  results  show  that,  during  the  year  1912, 
the  coal  and  coke  consumed  by  railroad  stationary 
plants  amounted  to  524,596  tons. 
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104.08  Coal  and   Coke  Delivered   to   Steam 
Vessels:    The  investigations  of  the.  Committee 
disclosed  the  fact  that  practically  all  of  the  fuel 
placed  in   the  bunkers  of  steam  vessels  within 
the  Area  of  Investigation  was  delivered  to  the 
vessels  by  dealers.     The  quantities  of  such  fuel 
were  ascertained  through  personal  interviews  with 
dealers  and  with  agents  or  owners  of  the  vessels, 
through  whose  co-operation  a  record  was  main- 
tained throughout  the  entire  year.     This  tonnage 
of  bunker  fuel   was  regarded  as  fuel  withdrawn 
from    the  supply  on  hand  within   the  Area  of 
Investigation  and  was  deducted  from  the  total 
of    fuel  deliveries  by   rail   and   by  water.     The 
amount    of   coal    actually    consumed   by    steam 
vessels  while  operating  within  the  Area  of  Investi- 
gation was  determined  by  means  described  else- 
where (section  104.09). 

The  results  show  that  the  total  amount  of  coal 
and  coke  placed  in  the  bunkers  of  steam  vessels 
within  the  Area  of  Investigation  during  the  year 
1912  was  126,556  tons. 

104.09  Coal  and  Coke  Consumed  by  Steam 
Vessels  within  the  Area  of  Investigation:    The 
amount  of  coal  and  coke  consumed  by  steam 
vessels  while  operating  within  the  Area  of  Investi- 
gation was  determined  from  statistics  and  reports 
furnished  by  agents  or  owners  of  the  vessels,  and 
by  tests  conducted  by  the  Committee  similar  to 
those  employed  by  some  of  the  roads  in  the  deter- 
mination of  fuel  consumed  by  locomotives.     The 
data  obtained  covered  the  quantities  and  kinds 
of  fuel  consumed,  the  approximate  time  of  each 
vessel  in  port,  the  points  of  docking  and  anchor- 
ing, and  the  time  en  route   within  the  Area  of 
Investigation.     The    navigable  waterways    were 
plotted  and  route  elements  established  according 
to  the  method  adopted  for  railroad  lines.     Each 
dock,   harbor,  intersection  with  zone  limits,  or 
other  important  point  was  indicated  on  the  map 
of  the   waterways  by  a  circle  and   a  number, 
and    the    distances    between    such   points    were 
accurately  determined.     The  waterway  ^between 
any  two  adjacent  points  was  termed  a  "water 
route  element." 

All  of  the  data  and  statistics  relating  to  con- 
sumption by  steam  vessels  were  entered  upon 
blank  forms  prepared  for  the  purpose  and  were 
subsequently  re-tabulated  and  totaled.  The 
vessels  using  the  water  routes  were  classified 


and   the  fuel   consumption   for  each   class   was 

determined. 

The-  results  show  that  the  amount  of  coal  and 
coke    consumed    by    steam    vessels    and    other 
floating  equipment   within   the   Area  of    In 
gation,  during  the  year  1012,  was  as  follows: 

Tugs  and  lighters 4V>7* 

Rivi-r  liar^es,  dredges,  pile-drivers,  etc M,7.V) 

Lake  steamers  and  barges 36,651 

Total 9j(368 

104.10  Coal   and   Coke  Reshipped  to  Points 
within  and  Points  outside  of  the  Area  of  Investi- 
gation:    The    amounts  of    fuel    reshipped    from 
points  within  the  Area  of  Investigation  to  points 
within  and  points  outside  the  area  were  deter- 
mined from  information  furnished  the  Committee 
by  the  railroads.     In  obtaining  the  data  it  was 
necessary  to  examine  carefully  the  way-bills  of  the 
various   railroad  agents   and  to  make   frequent 
verification  or  correction  of  quantities.     All  fuel 
reshipped,    regardless    of    its    destination,    was 
treated  as  fuel  to  be  deducted  from  the  supply 
within  the  area.     If  destined  for  points  outside 
the  Area  of  Investigation,  its  consumption  could 
not  affect  the  results  of  the  Committee's  investi- 
gation, whereas,  if  consigned  to  points  within  the 
area,  its  delivery  constituted  a  reappearance  of 
tonnage  in  the  reports  of  deliveries. 

The  results  show  that,  during  the  year  1912,  the 
total  amount  of  coal  and  coke  reshipped  to  points 
within  and  points  outside  of  the  Area  of  Investiga- 
tion was  800,413  tons. 

104.11  Decrease  in  the  Amount  of  Fuel  in 
Storage:     Changes  in  the  amounts  of  coal  and 
coke  on  hand  or  in  storage  at  various  points  on 
December  31,  1912,  as  compared  with  amounts  on 
hand  on  January  i,  1912,  were  ascertained  from 
each  dealer,  and  from  each  consumer  whose  supply 
might  vary  materially.     Circular  letters  request- 
ing the  necessary  information,  accompanied  by 
suitable  blank  forms,  were  sent  to  all  dealers  within 
the    area    and  many  personal  calls  were  made. 
Personal   calls  were  also  made  on  all   railroad 
agents  for  the  purpose  of  obtaining  the  names 
of  industries  and  coal  yards  at  which  more  than 
500  tons  of  fuel  had  been  kept  in  storage  at  any 
time  during  1912.     The  increase  or  decrease  in 
the  railroad  fuel  in  storage  was  disregarded,  since 
reports   showed   that   no   fuel    was   taken   from 
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railroad  storage  for  distribution  to  other  classes 
of  service  unless  reported  in  the  usual  way  as 
fuel  delivered.  The  increase  or  decrease  in  the 
amount  of  coke  in  a  large  storage  yard  at  Stock- 
ton, Ind.,  which  is  within  the  limits  of  Zone  B, 
was  not  considered  and  the  deliveries  to  this 
storage  were  not  reported  by  the  railroads.  The 
coke  taken  from  this  storage,  however,  for  delivery 
to  dealers  and  consumers,  was-  reported  in  the 
deliveries  by  rail  or  by  water,  and  was  therefore 
accounted  for  in  determining  the  total  consump- 
tion within  the  Area  of  Investigation.  Other 
similar  but  smaller  storages  were  considered  in- 
dividually as  factors  affecting  the  total  increase 
or  decrease  of  fuel  in  storage. 

The  results  show  that,  during  the  year  1912, 
the  supply  of  fuel  on  hand  and  in  storage  within 
the  Area  of  Investigation  decreased  by  a  total  of 
231,041  tons. 

104.12  Coal  Equivalent  of  the  Fuel  and  By- 
Products  Manufactured  by  the  Gas  and  Coke 
Plants  within  the  Area  of  Investigation:     The 

amounts  of  coal  and  coke  delivered  during  the  year 
to  plants  engaged  in  the  manufacture  of  gas,  coke 
and  by-products  within  the  Area  of  Investigation 
were  determined  from  the  reports  of  deliveries  by 
rail  or  by  water  and  were  included  in  the  totals  of 
such  deliveries.  Not  all  such  fuel,  however,  was 
consumed  in  these  manufacturing  processes,  a 
large  part  being  converted  into  gas,  coke  and 
by-products.  The  quantities  thus  converted  were 
determined  from  statistical  information  reported 
by  officials  of  the  plants,  and  this  tonnage  was 
deducted  from  the  quantities  delivered  to  disclose 
the  net  amount  of  fuel  consumed  in  this  service. 

The  results  show  that,  during  the  year  1912,  the 
total  amount  of  the  coal  equivalent  of  the  fuel 
and  by-products  produced  within  the  Area  of 
Investigation  was  797,817  tons. 

104.13  Summary  of  the  Fuel  Consumed  within 
the  Area  of   Investigation:     By  combining  the 
values  set  forth  in  the  preceding  sections  (104.03 
to   104.12   inclusive),   the  total    consumption  of 
coal  and  coke  within  the  Area  of   Investigation 
during  the  year  1912  may  be  shown.     The  result 
of  such  a  combination  is  presented  in  table  XLI, 
in  which  are  shown  amounts  of  fuel  delivered, 
amount  consumed  by  railroads  and  amounts  in- 
volved   in    the    various    factors    of   adjustment 


applied  to  the  quantities  delivered  to  obtain  the 
net  quantity  consumed. 


TABLE  XLI.     SUMMARY  OP  THE  COAL  AND  COKE   CONSUMED 
WITHIN  THE  AREA  OF  INVESTIGATION 


Itt-m 

Tons 

Total 

Coal  and  coke  delivered  by  rait  as  revenue 
freight  (sec  104  03) 

17  563711 

Coal  and  coke  delivered  by  boat  as  revenue 
freight  (sec.  104  04) 

1.706  556 

Coal  and  coke  consumed  by  steam  locomotives 
in  service  (sec.  104.05)  

2,555,233 

19,270,267 

Coal  and  coke  consumed  by  steam  locomotives 

260,167 

Coal  and  coke  consumed  by  railroad  stationary 
plants  (sec.  104.07)  

2,815,400 
524,596 

Coal   and   coke   consumed  by    steam    vessels 
within  the  Area  of  Investigation  (sec.  104.09) 
Decrease  in  amount  of  fuel  in  storage   (sec, 
104.11) 

92,368 
231,041 

Deductions: 
Coal  and  coke  delivered  to  steam  vessels  but 
not  consumed  within  the  Area  of  Investiga- 
tion (sec    104  08)    . 

126.556 

22,933,672 

Coal  and  coke  reshipped  from  points  within 
the  area  to  points  within  and  points  outside 
the  area  (sec.  104.10)  

800,413 

Coal  equivalent  of  the  fuel  and  by-products 
produced  by  gas  and  coke  plants  (sec.  104.12) 

797.817 

1,724,786 

Net  total  

21,208,886 

THE  ORIGIN  OF  FUEL  CONSUMED 

104.14  Sources  of  Fuel:  The  various  reports 
of  fuel  delivered  and  consumed  included  a  descrip- 
tion of  the  fuel  or  a  statement  of  its  origin.  All 
fuel  reported  was  classified  as  anthracite,  Pocahon- 
tas,*  coke  or  bituminous  coal.  The  following  shows 
the  amount  of  fuel  of  each  class  consumed  within 
the  Area  of  Investigation  during  the  year  1912: 


PER    CENT 

KIND   OF   FUEL 

ORIGIN 

TONS 

OF   TOTAL 

Anthracite    . 

Pennsylvania 

.    1,827,158  . 

8.62 

Pocahontas  . 

West  Virginia     . 

.    1,330,787  . 

.          5-80 

Coke       .      .     . 

Various  States    . 

•     3,435-753   • 

.       I6.2O 

Bituminous  . 

Illinois     . 

.     9,184,126  . 

•       43-31 

Bituminous  . 

Indiana   . 

.     3,084,688   . 

•       14-54 

Bituminous  . 

Other  States      . 

.     2,446,374  . 

•     "-S3 

Totals 

.   21,208,886  . 

100.00 

The  consumption  of  the  different  kinds  of  fuel 
by  zones  is  as  follows: 


ZONE  B  ZONES  A  AND  B  PER  CENT 

TONS  TONS  OF  TOTAL 

194,156  1,827,158  8.62 

56,045  1,230,787  5-80 

336,45«  3.435-753  16.20 

3.039,7"  14,715.188  69.38 

3,626,363  21,208,886  loo. oo 


*  It  has  not  been  possible  to  determine  the  degree  of  accuracy  attending 
the  use  of  the  term  "Pocahontag"  in  the  reports  received  through  different 
agencies.  It  is  probable  that  as  here  used  it  applies  to  any  semi-bituminous 
coal  from  the  West  Virginia  region. 


KIND  OF  FUEL 

Anthracite  .     . 
Pocahontas 
Coke     .      .      . 
Bituminous 
(all  sources) 

Totals.      . 

ZONE   A 
TONS 
1,633,002 
I,«74.742 
3.099-302 

".675,477 

17.582,523 
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FUEL  CONSUMPTION   BY  SERVICES 

104.15  Quantities  of  Coal  and  Coke  Con- 
sumed by  Different  Services:  By  an  elaborate 
process  of  classifying  the  data  relating  to  delivery, 
consumption  and  distribution  of  coal  and  coke 
recorded  on  statistical  cards,  the  quantity  con- 
sumed by  each  important  service  during  the  year 
1912  was  determined.  In  this  process  six  serv- 
ices, subdivided  to  present  a  statistical  record  un- 
der 1 5  different  headings,  were  recognized.  These 
services  are  as  follows: 


i. 

2. 


Steam  locomotives. 
Steam  vessels. 

3.  High  pressure  steam  stationary  power  and 
heating  plants. 

4.  Low  pressure  steam  and  other  stationary 
heating  plants. 

5.  Gas  and  coke  plants. 

6.  Furnaces  for  metallurgical,  manufacturing 
and  other  processes. 

The  quantities  of  coal  and  coke  consumed  by 
steam  locomotives  and  steam  vessels  were  deter- 
mined, as  described  in  sections  104.05  and  104.09, 
on  a  basis  of  consumption.  The  determination 
of  the  amount  of  coal  and  coke  consumed  by  the 
remaining  services,  high  pressure  steam  plants, 
low  pressure  steam  plants,  gas  and  coke  plants, 
and  furnaces  for  special  processes,  was  accom- 
plished by  tracing  the  revenue  fuel  delivered  by 
rail  and  by  water  through  the  various  channels 
of  distribution  to  the  industrial  and  domestic 
consumers.  Coal  dealers  and  industries,  with  few 
exceptions,  furnished  information  which  enabled 
the  Committee  to  assign  to  the  proper  services 
the  coal  and  coke  unloaded  from  cars  at  their 
yards  or  plants.  The  coal  and  coke  received  by 
the  small  number  of  dealers  and  industries  from 
whom  the  necessary  information  as  to  distribu- 
tion could  not  be  obtained,  were  apportioned  to 
the  different  services  on  the  basis  of  data  obtained 
from  other  plants  or  dealers  surrounded  by  similar 
conditions.  The  agencies,  through  which  the  data 
relating  to  distribution  were  obtained,  included 
some  900  industries  which  received  fuel  in  cars 
placed  on  railroad  sidings  at  their  plants,  some 
350  industrial  plants  which  received  fuel  at 
team  tracks,  about  250  large  coal  dealers  operat- 
ing some  350  coal  yards  with  track  connections, 
and  a  much  larger  number  of  dealers  and  individ- 
uals who  received  fuel  by  the  carload  on  public 


team  tracks.  This  information  was  obtained 
both  by  mail  and  by  personal  solicitation  by 
representatives  of  the  Committee. 

A  summary  showing  the  quantity  of  coal  and 
coke  consumed  by  the  different  services,  ami  the 
quantities  involved  in  the  determination  of  the 
amounts  of  coal  and  coke  consumed  by  high 
pressure  steam  stationary  power  and  heating 
plants,  by  low  pressure  steam  and  other  stationary 
heating  plants,  by  gas  and  coke  plants  and  by 
furnaces  for  metallurgical,  manufacturing  and 
other  processes,  is  presented  as  table  XLII. 

A  condensed  summary  showing  the  fuel  con- 
sumed during  the  year  1912  by  railroad  locomo- 
tives and  by  all  other  classes  of  service  combined, 
is  presented,  by  zones,  as  table  XLIII. 


TABLE  XLII.     SUMMARY    SHOWING    THE    DISTRIBUTION    AND 

CONSUMPTION  OP  COAL  AND  COKE  BY  THE  DIFFERENT 

SERVICES  WITHIN  THE  AREA  OP  INVESTIGATION 


Con- 

T.'.  :••    ] 

m  ;.r.  i 

Conyert- 

and  Re- 

Service 

Net 
Total 
Deliver- 
ies, Tons 

or 
Decrease 
in 
Storage, 
Tons 

by  ft.  R. 

I'    ,:  .!- 

not 

i:  i    •••  •'. 
in  Deliv- 
erie*. 

•  '.  r  • 
Gas, 
Coke  and 
By-Prod- 
ucts, 
Tons 

•!•!•'  •'    '  „ 

in  Deliv- 
eries to 
High  and 

i1:    -•  I 

Net 

Total 
Con- 

-  .'    ;  •.    | 

Ton* 

Ton* 

Ton* 

Steam     loco- 

2815400 

Steam  *ttttlf 

92368 

High    pres- 

sure steam 

stationary 

power  and 

heating 

plant*  .... 

8,648,135 

+    10,308 

509,507 

9.147,334 

Low  pressure 

steam   and 

other    sta- 

t  i  o  n  a  r  y 

heating 

plant*  

4.301.467 

—332.432 

13,011 

4,640  910 

Gas  and  coke 

plant*  .... 

1,172.616 

+  119,913 

2,078 

797.817 

8.097 

253.867 

Furnaces  for 

metallurgi- 

cal, manu- 

facturing 

and    other 

prooesam   . 

4,224.177 

—  28.83ol 

i  .••.."••; 

Total  amount  of  fuel  consumed  during  1912 

21.30&8M 

TABLE  XLIII.     COAL  AND   COKE  CONSUMED  BY  STEAM  LOCO- 
MOTIVES AND  BY  ALL  OTHER  SERVICES 


Service 

Zone  A 
Ton* 

/    -..-  It 
Ton* 

Zone*  A  and  B 
Ton* 

:••  
of  Total 

1  M  ••  1  1 

716  3&f) 

2315400 

13  27 

All  other  services  

!  )  I-  .;  17  i 

2910007 

'  ^   .  .     ;  >. 

86  73 

Total*  

17  '.sj  -..'  . 

:  .  J.     ...  . 

21.308,886 

'  -      - 

A  more  complete  statement  of  the  record,  by 
services,  of  the  fuel  consumed  is  presented  as 
table  XLIV.  The  colored  plates,  fig.  12,  repre- 
sent graphically  the  relative  importance  of  the 
several  services. 
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TABLE  XLIV.    QUANTITY  OF  COAL  AND  COKE  CONSUMED  BY  EACH  SERVICE  WITHIN  THE  AREA  OF  INVESTIGATION 

DURING  THE  YEAR  1912 


Zone  A 

Zone  H 

Zones  A  and  H 

Service 
Tons 

Per 
Cent 

1  ,.i  . 

Per 
Cent 

TOM 

IVr 
<V,,t 

1                                                                                            2 

.') 

4 

5 

'• 

7 

Steam  Locomotives: 
Yard                                                                                                     1,049,516 

5.97 
0.77 
2.02 
0.12 
101 
0.88 
1.17 

313.987 
122,«72 
124,930 

17.'. 
f>3,527 
36.045 

v,  MM 

8.66 
3.38 

1)    III! 

1    7.'. 
0.99 

1    .V.! 

1,363,503 
268,787 

479,738 

240,288 
I01.37J 

260.167 

6.43 
1.22 

j  •-'«; 
0.10 
1.13 
0.90 
1.23 

Road  freight                                                                                                                         l.'iti.l  !."» 

Freight  transfer                            354.  S02 

Locomotive  terminals  205.  1  5.'i 

Totals  -Ml'.i'.UUI        11114 

716.366 

Ill   7.-, 

2.815.400         13.27 

Steam  Vessels: 
Tugs  and  lighters              .                                                                                      ....             35,153 

0.20 
0.06 
0.20 

8.825 
1.214 
954 

0.24 
0.03 
0.03 

43.978 
1  1.739 

0  21 

Lake  steamers  and  barges  :t.Vlil<7 

Totals  81.375 

0.46              i  >. 

ii  :tu 

'.11!  ;.:- 

0  44 

High  Pressure  Steam  Stationary  Power  and  Heating  Plants:   Including  public  service 
corporation,  municipal,  steam  railroad,  office  buildings,  hotels,  schools,  power  plants 
or  boiler  plants                                               .    .        7  316  257 

41   til 

1.831,077 

.SO  .51 

9.147.344 

Low  Pressure  Steam  and  Other  Stationary  Heating  Plants:  Including  large  and  small 

23.63           492.164 

13.87' 

J!    '.11 

Gas  and  Coke  Plants: 

0.79    j         18.159 
0.54                1.157 

0.50 

g  i.  : 

157,684 

1)  74 
0.46 

Other  service,  excluding  boiler  power  plants  ii.".,i  o, 

Totals  234,551          1.33             19.316 

n   .v; 

Furnaces  for  Metallurgical,  Manufacturing  and  Other  Processes:  Including  steel  plants,  |  . 
foundries,  forges  and  allied  processes;  brick,  pottery  and  allied  processes,  and  mis- 
cellaneous manufacturing,   rendering  and  other  processes,  excluding  boiler  power 
plants     3  006  550 

21.03         ;,.-,(;.  i:,7 

15.34 

i.j.v:.iifi7 

20.05 

Totals  17.582.523 

I.  HI    n.l 

100.00 

THE   AMOUNT  OF  COAL  AND  COKE  CON- 
SUMED  IN   DIFFERENT   DISTRICTS  WITH- 
IN  THE   AREA  OF   INVESTIGATION 

104.16  Subdivision  of  Zones  into  Districts 
and  Amount  of  Coal  and  Coke  Consumed  in 
Each  District:  For  the  purpose  of  making  a 
comparison  of  the  amounts  of  fuel  consumed  in 
different  localities  and  of  studying  the  distribu- 
tion of  the  large  quantities  of  coal  and  coke 
brought  into  the  Area  of  Investigation,  the  two 
large  zones  were  divided  into  districts  called 
"Zone  Districts."  The  boundaries  of  these  zone 
districts  were  fixed  after  a  careful  study  of  con- 
ditions pertaining  to  the  density  of  fuel  consump- 
tion and  the  character  of  smoke  emitted,  Zone  A 
being  divided  into  14  districts,  numbered  A-i  to 
A-i4  inclusive,  and  Zone  B  into  13  districts, 
numbered  B-i  to  6-13  inclusive.  Delimitations 
and  numerical  designations  of  the  several  zone 
districts  are  shown  on  the  map  presented  as 
fig-  13- 

It  is  recognized  that  the  statistics  relating  to 
coal  and  coke  consumption  by  zone  districts  may 
contain  a  slight  element  of  error  due  to  the  trans- 
portation of  fuel  over  short  distances  from  one 
district  to  another  after  being  reported,  and  to 


the  difficulty  of  applying  district  delimitations 
with  exactness  in  the  reports  of  dealers  and  con- 
sumers. Care  was  taken,  however,  to  minimize 
the  possibility  of  such  errors,  and  the  results  are 
presented  in  detail  as  possessing  sufficient  accu- 
racy for  all  practical  purposes.  These  data  do 
not,  in  any  sense,  form  the  basis  of  any  of  the 
broader  computations,  such  as  those  involved 
in  the  determination  of  smoke  discharges. 

A  brief  description  of  each  of  the  several  zone 
districts  and  a  summary  showing  the  amount  of 
fuel  consumed  in  each  district  by  different  serv- 
ices are  presented  in  the  paragraphs  which  follow. 
In  the  summary  presented  for  each  zone  district 
are  shown  the  amount  of  fuel,  in  tons,  consumed 
by  steam  locomotives,  that  consumed  by  all  other 
services  combined,  the  percentage  of  the  total  fuel 
in  the  district  consumed  by  steam  locomotives 
and  by  all  other  services  combined,  and  the 
density,  in  tons  per  square  mile,  of  the  fuel  con- 
sumption by  steam  locomotives  and  by  all  other 
services  combined.  A  detailed  statement  of  the 
fuel  consumed  by  different  services  in  each  zone 
district,  in  which  the  tonnage  of  each  kind  of 
fuel  consumed  by  each  service  is  shown,  is  also 
presented. 
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Zone  District  A-i 

This  district  embraces  an  area  of  16.08  square 
miles  in  the  extreme  northeastern  corner  of  the 
city  of  Chicago,  bounded  by  Lake  Michigan,  the 
northern  city  limits,  Kedzie  Avenue  and  Belmont 
Avenue.  The  eastern  por- 
tion is  well  populated  and 
is  occupied  by  high  grade 
residences,  while  the  west- 
ern portion  is  sparsely  pop- 
ulated and  contains  many 
open  fields.  It  is  crossed 
by  the  main  lines  of  two 
railroads,  and  contains  sev- 
eral small  railroad  yards, 
a  portion  of  Lincoln  Park,  three  cemeteries  and 
extensive  boulevards.  The  following  summary 
shows  the  fuel  consumed  by  the  different  services 
in  Zone  District  A-i : 


Zone  District  A-i 


Zone  District  A-2 

This  district  has  an  area  of  18.26  square 
miles  and  embraces  within  its  boundaries  the 
territory  from  Kedzie  Avenue  westward  to  the 
city  limits  and  from  the  northern  city  limits  south- 
ward to  Belmont  Avenue- 
Some  portions  of  it  are 
densely  populated  while 
other  portions  include  large 
open  unimproved  areas. 
It  is  crossed  by  several 
railroad  lines  and  contains 
a  few  railroad  yards.  A 
number  of  manufacturing 
plants  and  industrial  estab- 
lishments are  located  within  its  borders.  The 
following  summary  shows  the  amount  of  fuel 
consumed  by  the  different  services  in  Zone  Dis- 
trict A-z : 


Zone  District  A-2 


DENSITY  OF 

DENSITY   OF 

PERCENT 

CONSUMPTION, 

PER  CENT 

CONSUMPTION, 

TONS 

OF  TOTAL 

TONS  PER  SQ.  MI. 

TONS  • 

OF  TOTAL 

TONS  PER  SQ.  MI. 

Steam    locomotives 

•    14,877 

.      .         2.42 

...             925 

Steam  locomotives 

.    40,561     . 

•        33-67 

.        .        .        2,221 

All  other  services    . 

.  600,527 

•       •      97-58 

•        •        •      37.346 

All  other  services    . 

•    79,903     . 

.      66.33 

•        •        •        4,376 

Totals   . 

.    IOO.OO 

Totals 

I2O.ifii 

too  on 

ft  cn? 

A  detailed  statement  of  the  fuel  consumed  by 
different  services  in  Zone  District  A-i  is  presented 
as  table  XLV. 


A  detailed  statement  of  the  fuel  consumed  by 
different  services  in  Zone  District  A-2  is  presented 
as  table  XLVI. 


TABLE  XLV.    COAL  AND  COKE  CONSUMED  DURING 
THE  YEAR  1912  IN  ZONE  DISTRICT  A-i 


TABLE   XLVI.     COAL  AND   COKE   CONSUMED    DURING 
THE    YEAR    1912    IN    ZONE    DISTRICT  A-2 


Service 

Tons  of  Fuel  (2000  Lb.) 

Total 

4,460 
315 
340 
141 
2,570 
7,051 

14,877 
0 

14,877 

Anthra- 
cite 

Coke 

Poca- 
hontas 

Bitu- 
minous 

Steam  Locomotives: 
Yard  

0 
0 
0 
0 
0 
0 

0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 
H 

4,460 
315 
340 
141 
2,570 
7,051 

Through  passenger  
Suburban  passenger  

Totals    . 

0 
0 

0 
0 

0 
0 

14.877 
0 

Locomotive  terminals.  .  . 
Totals  

0 

0 

0 

14.877 

Steam  Vessels: 

7 
0 
0 

0 
0 
0 

89 
167 
0 

1,386 
163 
72 

1,482 
330 
72 

River  barges  and  dredges 
Lake  steamers  and  barges 
Totals  

7 

0 

256 

1,621 

1,884 

High  Pressure  Steam  Sta- 
tionary Power  and  Heat- 
ing Plants  

821 

0 

5,999 

IL'S.OX- 

134.907 

Low    Pressure   Steam    and 
other  Stationary  Heating 
Plants  

207,344 

6.880 

122,745 

120,423 

457,392 

Gas  and  Coke  Plants: 
Public  service  

i> 
0 

0 

u 

0 
0 

0 
0 

0 
0 

Other  service  

Totals  

0 

0 

0 

0 

0 

Furnaces: 
For  metallurgical,  manu- 
facturing and  other  pro- 
cesses  

2,430 

20 

0 

3,894 

6,344 

Grand  totals  

210.602 

6,900 

129.000 

268.902 

61S.404 

Service 

Ton*  of  Fuel  (2000  Lb.) 

Total 

Anthra- 
cite 

Coke 

Poca-          Bitu- 
hontas       minous 

Steam  Locomotives: 
Yard 

0 
0 
0 
0 
0 
0 

occcoo 

oooooo 

7,493 
14,971 
4,780 

7,413 
5,904 

7,493 
14,971 
4,780 
0 
7,413 
5,904 

Freight  transfer  
Passenger  transfer  
Through  passenger  
Suburban  passenger  

Totals 

0 
0 

0 
0 

0 
0 

40,561 
0 

40.561 
0 

Locomotive  terminals  .  .  . 
Total*  

0 

0 

0 

40,561 

IO..V,1 

Steam  Vessels: 

0 
0 
0 

0 
0 
0 

0 
0 
0 

I 

0 

0 
0 
0 

River  barges  and  dredges 
Lake  steamers  and  barges 

Totals 

o|           o 

0 

0 

0 

High  Pressure  Steam  Sta- 
tionary Power  and  Heat- 
ing Plants 

0 

0 

U» 

7,436 

9.673 

Low  Pressure  Steam  and 
other  Stationary  Heating 
Plant*  

36.065 

1.006 

1,862 

12,563 

51,496 

Gas  and  Coke  Plant*: 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

Other  service  

Totals  

0 

0 

0 

0 

0 

Furnaces: 
For  metallurgical,  manu- 
facturing and  other  pro- 
cesses   

0 

20 

0 

18,714 

18,734 

Grand  totals  

36,065 

1,026 

4,099 

70.274 

Uii.llM 

COAL    AND    COKE    CONSUMPTION 


Zone  District  A -3 

This  district  has  an  area  of  13.50  square  miles 
ami  embraces  the  territory  from  Kedzie  Avenue 
westward  to  the  city  limits  and  from  Belmont 
Avenue  southward  to  Chicago  Avenue.  Some 
portions  of  it  are  densely 
populated  while  others  em- 
brace open  fields.  Several 
railroad  lines  cross  the  area 
and  a  number  of  manufac- 
turing plants  and  several 
railroad  yards,  including 
the  Galewood  yard  of  the 
Chicago,  Milwaukee  &  St. 
Paul  Railway,  are  located 
within  it.  The  following  summary  shows  the 
fuel  consumed  by  the  different  services  in  Zone 
District  A-3: 


Zone  District  A-j 


Steam  locomotives 
All  other  services    . 

Totals 


TONS 


299,268 


DENSITY   OF 

PERCENT  CONSUMPTION, 

OF  TOTAL      TONS  PER  SQ.  MI. 

.        30.75       •        •        •        6.817 
•        69.25       .        .        .      15,351 


ICXMHI 


22,168 


A  detailed  statement  of  the  fuel  consumed  by 
different  services  in  Zone  District  A-3  is  presented 
as  table  XLVII. 


Zone  District  A-4 

This  district  covers  an  area  of  12.16  square 
tiiili-s  extending  from  I>ake  Michigan  to  Kedzie 
Avenue  and  from  Belmont  Avenue  to  Chicago 
Avmur.  It  is  densely  populated.  Included 
within  its  area  arc  many 
coal  and  lumber  yards, 
numerous  manufacturing 
plants  (some  of  which  are 
large),  many  railroad  lines 
and  yards,  and  the  north 
branch  of  the  Chicago 
River  with  its  extensive 
docks.  It  also  contains 
Lincoln  Park,  the  Lake  Zone  Dutrict  A'4 

Shore  Drive  and  Humboldt  Park.  The  following 
summary  shows  the  fuel  consumed  in  Zone  Dis- 
trict A-4: 


TONS 

Steam  locomotives  .          62,391 
All  other  services    .     2,079,574 

Totals   .      .      .     2,141,965 


DENSITY    OF 

PER  CENT          CONSUMPTION, 

OF  TOTAL      TONS  PER  SQ.  MI. 

2.91       .       .       .        5,131 

•        97-09       -        •        •  17'.017 

.    100.00  .  176,148 


A  detailed  statement  of  the  fuel  consumed  by 
different  services  in  Zone  District  A-4  is  presented 
as  table  XLVIII. 


TABLE  XLVII.     COAL  AND   COKE   CONSUMED    DURING 
THE   YEAR    1912   IN  ZONE  DISTRICT  A-3 


TABLE  XLVIII.     COAL  AND  COKE  CONSUMED  DURING 
THE   YEAR    1912   IN   ZONE   DISTRICT  A-4 


Service 

Ton*  of  Fuel  (2000  Lb.) 

Total 

Anthra- 
cite 

Coke 

Poca- 
hontas 

Bitu- 
minous 

Steam  Locomotives: 
Yard 

0 
0 
0 
0 
0 
0 

0 

I) 
0 
0 
0 
0 

0 
0 
0 
0 
0 
-      0 

48.165 
11,990 
15.715 
947 
5,062 
2.734 

48,165 
11.990 
15,715 
947 
5,062 
2.734 

Road  freight  
Freight  transfer  
Passenger  transfer  .... 
Through  passenger  .... 
Suburban  passenger  .  .  . 

Totals 

0 
0 

0 
0 

0 
0 

84,613 
7.420 

s4.r,i:i 

7.4-1) 

Locomotive  terminals  .  .  . 
Totals  

0 

II 

0 

92,033 

•._  •„.:.. 

Strum  Vessels: 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

River  barges  and    dred- 

Lakc     steamers     and 
baiges  

Total*  

0 

0 

0 

0 

0 

High   Pressure  Steam  Sta- 
tionary Power  and  Heat- 
ing Plant*  

0 

0 

1.061 

102,500 

103,561 

Low    Pressure   Steam    and 
other  Stationary  Heating 
Plants  

37,4*8 

1,318 

SO.tl  .1 

26.687 

06.127 

Oas  and  Coke  Plant*: 

0 
0 

0 
0 

0 

0 

0 
0 

0 
0 

Other  service  

ToUl*  

0 

0 

0 

0 

0 

Furnaces: 
For  metallurgical,  manu- 
facturing and  other  pro- 
ceases  

2.804 

4.072 

0 

Ml 

7,447 

Grand  total*  

in    JU 

,    l!«l 

.•  •  .  . 

221  Hill 

200.268 

Service 

Tons  of  Fuel  (2000  Lb.) 

Total 

Anthra- 
cite 

Coke 

Poca- 

•    - 

Bitu- 
minous 

Steam  Locomotive*: 
Yard  

0 
0 
0 
0 
0 
0 

poocoo 

0 
0 
0 
0 

II 

0 

28.620 

1   1 

1  i 

. 

6.336 
0.148 

•    • 
708 
7.830 
1 
6.336 
0.148 

Passenger  transfer  .... 
Through  passenger  .... 
Suburban  passenger  .  .  . 

Totals  

0 
0 

0 
0| 

0 
0 

'. 
9.238 

..;-.. 

;:•.:•. 

Locomotive  terminals  . 
Totals,  

0 

s 

0 

62.301 

•  .   .•<; 

Mi  IB  \,...  :. 
Tuga  and  lighten  
River  barges  and  llud 

11 

0 
0 

0 
0 
0 

Ml 
• 

0 

3.603 
7,057 

177 

4.563 

-  Ml 
477 

Lake  steamers  and 
barge*  

Total*.  

11 

0 

i  1  1» 

12.1271 

13.280 

High  Pressure  Steam  Sta- 
tionary Power  and 
lfat*'"g  Plant*  

101 

0 

100,450 

883,168 

901.700 

Low  Pressure  Steam  and 
other  Stationary  Heat- 
ing Plant*  

Mj  UK) 

4.1S7 

141.025 

212.2*0 

Qas  and  Coke  Plant*: 

5.100 
0 

55.510 
0 

0 
0 

0 
0 

60.610 
0 

Other  sen-ice  

Touh 

5.100 

65.510 

0 

0 

,.   . 

Furnaces: 
For  metallurgical,  man- 
ufacturing   and    other 

BWfltt^fT  

18.917 

23.176, 

124 

73.141 

113.358 

Orand  totals  

-..  i  .•»-. 

82.R43 

251.747  1.243.0801  1.141.06ft 

SMOKE  ABATEMENT  AND   ELECTRIFICATION   IN  CHICAGO 


Zone  District  A-5 

This  district  has  an  area  of  4.52  square  miles 
bounded  by  the  lake,  Halsted  Street,   Chicago 
Avenue  and  22d  Street.     It  is  densely  populated. 
It  embraces  the  most  congested  business  portion 
of  the  city,  known  as  the 
' '  Loop, ' '  with  i ts  many  large 
office  buildings,  hotels, 
manufacturing    buildings, 
power  and  heating  plants, 
railroad  terminals,  and  the 
Chicago  River  and  Harbor 
with  their  almost  continu- 
ous dock  facilities  and 
zone  District  A-s  warehouses.     The    density 

of  fuel  consumption  is  higher  than  that  of  any 
other   district.     The   following   summary    shows 


Zone  District  A-6 

Zone  District  A-6  embraces  a  territory  of  9.00 
square  miles  bounded  by  Halsted  Street  on  the 
east,  Chicago  Avenue  on  the  north,  Kedzie  Avenue 
on  the  west  and  22d  Street  on  the  south.  It  in- 
cludes extensive  railroad 
trackage  besides  a  number 
of  large  railroad  yards.  It 
is  densely  populated  and 
is  occupied  by  many  manu- 
facturing plants,  power 
plants,  large  residential  dis- 
tricts, one  large  park 
(Douglas),  one  small  park 

Zone  District  A-6  ,  .         . 

(Union)   and   extensive 

boulevards.     The  following  summary  shows  the 
fuel  consumed  in  Zone  District  A-6: 


me  xuei  consumea  in  z/one  .Lnsmcc  ^.-5  : 

DENSITY   OF 
PER  CENT              CONSUMPTION, 
TONS              OF    TOTAL         TONS  PER  SQ.  MI.         Steam  loCOmOti' 

Steam  locomotives  .        258,641     .      .    14.78       .      .      .    57,221       All  other  servio 
All  other  services    .     1,491,354     .      .    85.22       .      .      .329,946          Totals 

DENSITY   OF 
PER  CENT             CONSUMPTION, 
TONS                OF  TOTAL           TONS  PER  SQ.MI. 
«!S  .            262,365        .        .      18.92           .        .        .29,152 

ss    .     1,124,659     .      .    81.08       .      .      .  124,962 

.     .     1,387,024     .     .  loo.oo      .     .     .154,114 

Totals   .      .      .     1,749,995     .      .  100.00       .      .      .  387,167 

A  detailed  statement  of  the  fuel  consumed  by 
different  services  in  Zone  District  A-5  is  presented 
as  table  XLIX. 


A  detailed  statement  of  the  fuel  consumed  by 
different  services  in  Zone  District  A-6  is  presented 
as  table  L. 


TABLE  XLIX.     COAL  AND   COKE   CONSUMED   DURING 
THE   YEAR    1913   IN   ZONE   DISTRICT  A-5 


TABLE   L.     COAL   AND   COKE   CONSUMED    DURING 
THE   YEAR   1912   IN   ZONE   DISTRICT  A-6 


Service 

Tons  of  Fuel  (2000  Lb.) 

Total 

Anthra- 
cite 

Coke 

Poca- 
hontas 

Bitu- 
minous 

Steam  Locomotives: 
Yard  

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

11,684 
0 
571 
885 
407 
0 

143,084 
3,838 
15,797 
7,738 
24,188 
24.4.VI 

154,768 
3.838 
16,368 
8,623 
24.595 
24,454 

Freight  transfer  
Passenger  transfer  .... 
Through  passenger  .... 
Suburban  passenger  .  .  . 

Totals 

oj           o 

0'                0 

13,547 
0 

-I''  
25.995 

232,646 
25,995 

Locomotive  terminals  . 
Totals  

0 

O 

13,547 

iM.-.,o;i4 

u.-.x,in  i 

Steam  Vessels: 
Tugs  and  lighters  
River  barges  and  dred- 

51 
0 
0 

0 
0 
0 

2,318 
416 
0 

12,408 
467 
19,192 

14,777 
883 
19.192 

Lake   steamers    and 
barges  

Totals  

51 

0 

2,734 

32,067 

34,852 

High  Pressure  Steam  Sta- 
tionary   Power    and 
Heating  Plants  

0 

0 

74.799 

1.201.804 

1,276,603 

Low  Pressure  Steam  and 
other  Stationary  Heat- 
ing  Plants 

T.-.'V 

2.101 

16.878 

141,472 

168,434 

Gas  and  Coke  Plants: 
Public  service  
Other  service  

0 
0 

0 

0 

0 
0 

0 
0 

0 

0 

Totals  

0 

0 

0 

0 

0 

Furnaces: 
For  metallurgical,  man- 
ufacturing   and     other 
processes  

1,133 

10,276 

0 

56 

11,465 

Grand  totals  

9,167 

12,377 

107,958 

i.iiL-o,  r.i:i 

1.749.995 

To 

ra  of  Fue 

1  (2000  L 

t>.) 

Service 

Anthra- 
cite 

Coke 

Poc»- 

•      ...:    ,  . 

Bitu- 
minous 

Total 

Sttam  Locomotive*: 
Yard  

0 

0 

0 

153  504 

153  504 

Road  freight  

0 

0 

0 

4,315 

4  315 

0 

o 

0 

48  539 

is  v;< 

Passenger  transfer  .... 
Through  passenger  
Suburban  passenger  .  .  . 

0 
0 
0 

0 
0 
.  0 

0 
0 
0 

3,122 
17,993 

3,122 
17,993 
18JKH 

Totals      .    . 

il 

o 

0 

241  441 

241  441 

Locomotive  terminals. 

0 

0 

0 

20,024 

20.924 

Total*  :  

0 

0 

p 

262,301 

L'ty,:«ia 

Steam  Vessels: 
Tugs  and  lighters  
River  barges  and  dred- 

0 

o 

0 

o 

0 

o 

0 

o 

0 

o 

Lake  steamers    and 
barges  

0 

0 

0 

0 

0 

Totals  

0 

0 

a 

0 

0 

High  Pressure  Steam  Sta- 
tionary  Power   and 
Heating  Plants  

1.232 

601 

32,734 

390,828 

Low  Pressure  Steam  and 
other  Stationary  Heat- 
ing: Plant*  

235,517 

6,346 

105.437 

278,087 

..J.-....-7 

Gas  and  Coke  Plants: 
Public  service  
Other  service  

0 
245 

21.216 
0 

0 
0 

0 
1.833 

21,216 

2.1  17X 

Totals  

245 

21,216 

0 

1,833 

23.2«4 

Furnaces: 
For  metallurgical,  man- 
ufacturing   and     other 
proeoaagB  

9,877 

37,298 

276 

3,043 

50,493 

Grand  totals  

246.871 

li.-i,  .Vil 

ins.  441; 

936.156 

1.387.024 

COAL    AND    COKE    CONSUMPTION 


llfl 


Zone  District  A-7 

This  district  has  an  area  of  8.75  square  miles, 
is  located  directly  west  of  Zone  District  A-6,  and 
o  >\vrs  the  territory  from  Kedzie  Avenue  westward 
to  the  city  limits  and  from  Chicago  Avenue 
southward  to  22d  Street. 
Portions  of  it  are  densely- 
populated  while  other  por- 
tions are  sparsely  popula- 
ted and  contain  large  open 
fields.  It  is  crossed  by- 
several  railroad  lines.  It 
contains  a  number  of  large 
railroad  yards,  including 
the  4oth  Avenue  yard  of 
the  Chicago  &  Northwestern  Railway,  and 
numerous  manufacturing  plants.  One  large  park 
(Garfield)  and  extensive  boulevards  are  included 
within  its  borders.  The  following  summary 
shows  the  fuel  consumed  in  Zone  District  A-7 : 


Zone  District  A-7 


Steam  locomotives 
All  other  services  . 

Totals 


TONS 

138,972 
423.679 

562,651 


DENSITY    OF 

PER  CENT        CONSUMPTION, 
OF  TOTAL      TONS  PER  SQ.MI. 

.     34-70         .       .       .      15,883 
.     75.30         .       .       .      48,421 


100.00 


64.303 


A  detailed  statement  of  the  fuel  consumed  by 
different  services  in  Zone  District  A-7  is  presented 
as  table  LI. 

TABLE  LI.     COAL  AND   COKE    CONSUMED    DURING 
THE   YEAR    io«   IN   ZONE    DISTRICT  A-7 


Service 

Tons  of  Fuel  (2000  Lb.) 

Total 

Anthra- 
cite 

Coke 

Poca- 

hontas 

Bitu- 
minous 

Steam  Locomotives: 
Yard     

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

78.898 
4.314 
23,925 
181 

.1.3N2 

:   17!' 

7-  -  « 

4,314 

23.925 
131 

H 

:  170 

Road  freight 

Through  passenger  
Suburban  passenger  

Totals       .  .    . 

0 
0 

I 
0 

0 
0 

•  :••  '.- 
22.852 

116,120 

Locomotive  terminals  .  .  . 
Total*  

0 

0 

0 

1.972 

Steam  Vessels: 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 

0 
0 
0 

River  barges  and  dredges 
Lake  steamers  and  barges 

Total*  

0 

0 

0 

0 

0 

High  Pressure  Steam  Sta- 
tionary Power  and  Heat- 
ing Plants  

0 

0 

2.770 

227.379 

23O.149 

Low    Pressure   Steam    and 
other  Stationary  Heating 
Plants  

84,832 

3.599 

]    M 

78.197 

192.088 

Qas  and  Coke  Plants: 

0 
0 

0 
0 

0 
0 

0 

0 
0 

Other  service  

Totals  

0 

0 

0 

0 

0 

Furnaces: 
For  metallurgical,  manu- 
facturing and  other  pro- 

7" 
84.911 

1.329 

0 

54 

'    :•  - 

Grand  totals  

4.928 

JVJI" 

444.602 

.  •     : 

Zone  District  A-8 

This  district,  embracing  an  area  of  15. 50  square 
miles,  extends  from  Kedzie  Avenue  westward  to 
the  city  limits  ami  from  22d  Street  southward 
to  the  city  limits.  Excepting  in  the  northern 
portion  it  is  sparsely  popu- 
lated. It  includes  a  num- 
ber of  railroad  lines  and 
yards,  notably  the  Corwith 
yard  and,  farther  south, 
the  Elsdon  yard  of  the 
Grand  Trunk  Western  Rail- 
way. Within  its  boun- 
daries are  an  occasional 
manufacturing  plant  and  a 
portion  of  one  large  park  (Marquette).  The  open 
fields  in  this  district  are  extensive.  The  fol- 
lowing summary  shows  the  amount  of  fuel 
consumed  by  the  different  services  in  Zone 
District  A-8: 


Zone  District  A-» 


Steam  locomotives 
All  other  services    . 

Totals       .      .     . 

TONS 
.     85,288      . 

-,<x>    . 

.  1  7  -',678      . 

DENSITY    OF 
PER  CENT        CONSUMPTION, 
OF  TOTAL       TONS  PER  SQ.MI. 

•    49-39       •      •      •      5.502 

•'I     ...    5.639 

.  100.00       ...    1  1,141 

A  detailed  statement  of  the  fuel  consumed  by 
different  services  in  Zone  District  A-8  is  presented 
as  table  LI  I. 

TABLE  LII.     COAL  AND  COKE  CONSUMED  DURING 
THE  YEAR    1012   IN   ZONE   DISTRICT  A-g 


To 

n*  of  Pw 

| 

1    (JUKI    1. 

b.) 

Service 

Anthra- 
cite 

Coke 

i 

hontas 

Bitu- 

Total 

-•..:.'          ..,...• 

Yard     . 

0 

8.741 

22  MO 

. 

Road  freight 

0 

0 

•  i  . 

9442 

r'rriKht  transfer 

0 
0 

571 

(i 

- 
51 

-     -- 
51 

Through  passenger 
Suburban  pnnKinjjnr  

0 

0 
0 

712 
0 

4.340 
4.084 

- 

Totals  

I 

0 

: 

67O74 

77O98 

Locomotive  terminals  .  .  . 

0 

0 

i 

•,    I'HI 

Totals  

• 

0 

IO.OM 

-    .-- 

Tugfl  and  tighter*     .  .    . 

t 

0 

-. 

-- 

780 

HiviT  Imtxra  and  dredfjew 
Lake  steamers  and  bargn> 

0 

0 
0 

30 
0 

71 
0 

101 
0 

Total*.  

• 

0 

118 

80S 

881 

High  Prmuii  Steam  Sta- 
tionary Power  and  Heat- 
ing Plant*  

0 

0 

<3 

SI.M4 

22.017 

Low    Pressure    Steam    and 
other  Stationary  Heating 
Plants  

302 

3.181 

' 

Gas  and  Coke  Plant*: 
Public  service  

o 

• 

• 

Other  service  

0 

0 

• 

0 

o 

Total*  

" 

*J 

a 

1 

io 

Furnace*: 
For  metallurgical,  manu- 
facturing ana  other  pro- 

0 

8.9M 

0 

M 

8,990 

Grand  total*.   . 

ISMol 

•-•  -< 

•  '. 

I72.S7H 
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Zone  District  A-p 

This  district  has  an  area  of  12.00  square  miles, 
extending  from  Halsted  Street  to  Kedzie  Avenue 
and  from  22d  Street  to  ssth  Street.  Included 
within  its  borders  are  the  Stockyards,  the  Central 
Manufacturing  District, 
many  railroad  terminals 
and  yards,  manufacturing 
plants,  power  plants,  coal 
and  lumber  yards,  the 
south  branch  of  the  Chicago 
River,  parts  of  the  Drain- 
age Canal  and  the  Illinois 
and  Michigan  Canal, 
McKinley  and  Sherman 
parks  and  three  boulevards.  The  following 
summary  shows  the  fuel  consumed  in  Zone  Dis- 
trict A-g : 


'Zone  District  A -9 


Zone  District  A-io 

This  district  embraces  an  area  of  9.58  square 
miles  bounded  by  Lake  Michigan  on  the  east, 
22d  Street  on  the  north,  Halsted  Street  on  the 
west  and  ssth  Street  on  the  south.  It  is  very 

densely  populated,  and  is 
occupied  by  many  large 
buildings,  numerous  apart- 
ment houses,  some  manu- 
facturing plants,  many 
railroad  lines  and  yards, 
extensive  boulevards  and 
a  portion  of  one  large 
park  (Washington).  Many 
high  grade  residences  and 
several  large  hotels  are  located  in  this  district. 
The  following  summary  shows  the  fuel  consumed 
in  Zone  District  A-io: 


Zone  District  A-io 


Steam  locomotives  . 
All  other  services    . 

TONS 
223,732 
2,727-295 

PER  CENT 
OF  TOTAL 

•        •         7.58 
•       •     92-42 

DENSITY  OF 
CONSUMPTION, 
TONS  PER  SQ.MI. 

.       •        18,444 
.        .      227,275 

Steam  locomotives  . 
All  other  services    . 

TONS 

238,919    . 
1,174,894    . 

PER  CENT 
OF  TOTAL 
.      16.90 
.     83.10 

DENSITY  OF 
CONSUMPTION, 
TONS  PER  SQ.MI. 
•        •        •        24,939 
.      122,641 

Totals       .      .      .     2,951,027 

A  detailed  statement 
different  services  in  Zone 
as  table  LIII. 

.     .  loo.oo     .     .     .    245,919 

of  the  fuel  consumed  by 
District  A-g  is  presented 

Totals       .      .      .     1,413,813     . 

A  detailed  statement  of 
different  services  in  Zone 
sented  as  table  LIV. 

.   IOO.OO 

the  fuel 
District 

.        .        .      147-580 

consumed  by 
A-io  is  pre- 

TABLE  LIII.     COAL  AND  COKE  CONSUMED  DURING 
THE   YEAR    1912   IN   ZONE    DISTRICT  A-o 


TABLE   LIV.     COAL  AND   COKE   CONSUMED    DURING 
THE   YEAR    19"   IN   ZONE  DISTRICT  A-io 


To 

as  of  Fue 

(2000  L 

i>.) 

Service 

Anthra- 
cite 

Coke 

Poca- 
hontas 

Bitu- 
minous 

Total 

Steam  Locomotives: 
Yard  .                

0 

0 

0 

155,438 

155,438 

0 

0 

0 

5,581 

5.581 

Freight  transfer  
Passenger  transfer.  .  .  . 
Through  passenger  .... 
Suburban  passenger  .  .  . 

0 
0 
0 
0 

0 
0 
0 

11 

1,569 
0 
1,119 
0 

42,287 
501 
5,370 
2,103 

43,856 
501 
6,489 
2.103 

TotaU 

0 

0 

2,688 

211,280 

213,968 

Locomotive  terminals. 

0 

0 

n 

9,764 

9.764 

Totals  

n 

0 

2,688 

221,044 

223.732 

Steam  Vessels: 
Tugs  and  lighters  
River  barges  and  dred- 

22 
0 

0 
0 

246 
228 

3,889 
290 

4,157 
518 

Lake  steamers   and 
barges  

0 

0 

0 

2,615 

2,615 

Totals  

22 

0 

474 

6,794 

7,290 

High  Pressure  Steam  Sta- 
tionary   Power    and 
Heating  Plants  

107 

II 

4,560 

2.320.965 

2,325.632 

Low  Pressure  Steam  and 
other  Stationary  Heat- 
ing I  'hi  n  t  s  

19,468 

1,987 

13.354 

200,387 

235.2O6 

Gas  and  Coke  Plants: 

782 

45,016 

0 

0 

45  798 

Other  service  

0 

0 

0 

0 

0 

TotaU  

782 

45,016 

0 

0 

45,798 

Furnaces: 
For  metallurgical,  man- 
ufacturing   and     other 
processes  

3,106 

33,071 

Till 

76,486 

113.369 

Grand  totals  

23,485 

SII.IIS4 

21,782 

2,825,676 

2,951,027 

To 

n*  of  Fue 

<-  i  1. 

>.) 

Service 

Anthra- 
cite 

Coke 

Poca- 

hontas 

Bitu- 
minous 

Total 

Steam  Locomotives: 
Yard                   

0 

0 

0 

79,050 

79,050 

0 

0 

0 

9,117 

9.117 

0 

0 

285 

34,380 

94.au 

Passenger  transfer  .... 
Through  passenger  
Suburban  passenger  .  .  . 

0 
0 
0 

0 
0 
0 

0 
203 
0 

5,203 
35,959 
33,016 

5,203 
36.162 
33,016 

Totals     

0 

0 

488 

196,725 

197,213 

Locomotive  terminals  . 

0 

0 

0 

41,706 

41,706 

Totals  

0 

0 

488 

J38.481 

2:<s,!ilfl 

Steam  Vessels: 
Tugs  and  lighters  
River  barges  and  dred- 

6 

o 

0 
0 

53 
56 

927 
100 

985 
156 

Lake  steamers    and 
barges  

0 

0 

0 

705 

705 

Totals  

5 

0 

109 

1.732 

1.846 

High  Pressure  Steam  Sta- 
tionary   Power    and 
Heating  Plants  

0 

0 

I'.i.ii'M 

552,874 

571,968 

Low  Pressure  Steam  and 
other  Stationary  Heat- 
ing Plants  

182,309 

4,034 

I22.3S.-. 

2S3.9GH 

592,696 

Gas  and  Coke  Plants: 

0 

0 

o 

0 

0 

Other  service  

0 

0 

0 

0 

0 

Totals  

0 

0 

0 

0 

0 

Furnaces: 
For  metallurgical,  man- 
ufacturing   and    other 
processes  

165 

5,913 

II 

2.306 

8,384 

Grand  totals  

I  MM  711 

9,947 

142.07(1 

1.079.311 

1.413.813 

COAL    AND    COKE    CONSUMPTION 
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Zone  District  A-n 

The  territory  embraced  by  this  district  has  an 
area  of  12.36  square  miles  and  is  bounded  by 
Lake  Michigan  on  the  east,  s$th  Street  on  the 
north,  Halsted  Street  on  the  west  and  ;qth 
Street  on  the  south.  It  is 
densely  populated  and  in- 
cludes a  few  manufactur- 
ing plants,  many  railroad 
lines  and  railroad  yards, 
one  large  park  (Jackson), 
a  portion  of  another  park 
(Washington),  two  small 
parks,  extensive  boulevards 
and  drives,  the  University 
of  Chicago,  and  many  high  grade  residences. 
The  following  summary  shows  the  fuel  consumed 
by  the  different  services  in  Zone  District  A-u: 


Zone  District  A-tl 


Steam  locomotives 
All  other  services  . 

Totals 


DENSITY   OF 

PER  CENT         CONSUMPTION, 

TONS  OF  TOTAL     TONS  PER  SQ.  MI. 

129,509       .        .      16.64          •        •        •      10,478 

648,562       .        .      83.36          .        .        .      52,473 

778,071  .   .  100.00   .   .   .  62,951 


A  detailed  statement  of  the  fuel  consumed  by 
different  services  in  Zone  District  A-n  is  pre- 
sented as  table  LV. 


Zone  District  A-u 


This  district,  rovering  an  area  of  g.oo  square 
miles,  includes  the  territory  from  Halsted  Street 
\vard  to  Kedzie  Avenue  and  from  s<;th  Street 
southward  to  ygth  Street.  It  is  occupied  by  a 
few  manufacturing  plants, 
several  railroad  lines,  a 
portion  of  one  large  park 
(Marquette).one  small  park 
(Ogden)  and  extensive 
boulevards.  Portions  of 
this  district  are  well  cov- 
ered with  buildings  and 
residences,  while  other  sec- 
tions present  areas  of  open 
and  unimproved  land.  The  following  summary 
shows  the  fuel  consumed  by  different  services  in 
Zone  District  A-ia: 


Zone  Diitrict  A-ia 


Steam  locomotives 
All  other  services    . 

Totals 


TONS 

78,090 

59.04* 

137.132 


DENSITY    Of 

FER  CENT         CONSUMPTION, 
OF  TOTAL     TONS  PER  SQ.  Ml. 

.      56.95  •  8.677 

.      43-05  •  6,560 


IOO.OO 


15.237 


A  detailed  statement  of  the  fuel  consumed  by 
different  services  in  Zone  District  A-ia  is  pre- 
sented as  table  LVI. 


TABLE   LV.     COAL  AND   COKE   CONSUMED    DURING 
THE   YEAR    1012   IN   ZONE    DISTRICT  A-n 


TABLE   LVI.     COAL  AND   COKE    CONSUMED    DURING 
THE  YEAR    1912   IN   ZONE   DISTRICT  A-« 


Servile 

Tons  of  Fuel  (2000  Lb.) 

Total 

Anthra- 
cite 

Coke 

Poca- 
hontas 

Bitu- 
minous 

Steam  Locomotive*: 
Yard 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

29,963 
12.516 
26.623 
1,317 
18,860 
-'»  .'7- 

29,963 
12,516 
M.0Z 

1.317 

ivsn 
20.278 

Road  freight       

Through  passenger  
Suburban  passenger  

Total*  

0 
0 

0 
0 

0 
0 

|.n.-.-,7 
19.952 

IIKI.  .-,.-,7 
19.952 

Locomotive  terminal*  .  .  . 
Totals  

0 

0 

0 

129.509 

!_••'   »• 

Itawn  Vowli 

Tugs  and  lighters 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

River  barges  and  dredges 
Lake  steamer*  and  barge* 

Total* 

0 

0 

0 

I 

0 

High  Pressure  Steam  Sta- 
tionary Power  and  Heat- 
ing Plant*  

0 

0 

8,709 

135.169 

143.878 

LX>W    Pressure   Steam   and 
other  Stationary  Heating 
Plant*  

1  19.322 

6.400 

Jl-   IW> 

|j,.  SIM 

SOI.205 

Gas  and  Coke  Plant*: 

0 
0 

• 
0 

0 

(I 

0 
0 

0 
0 

Other  service  

Tot»l»  

0 

0 

0 

0 

0 

furnace*: 
For  metallurgical,  manu- 
facturing and  other  pro- 
cease*  

1,330 

2,126 

0 

23 

3.470 

Grand  total*  

120.M21 

va    •  • 

391.502 

77S.M71 

Tc 

M    -I     KM, 

:    10001 

b.) 

Service 

Anthra- 
cite 

Coke 

r  ..  •, 

Iranian 

Hit.,- 
mi  noun 

Total 

Sw-am  Locomotive*: 
Yard  

0 

0 

0 

42.500 

42..VW 

Road  freight          

4.729 

4:73» 

0 

0 

0 

17.016 

17  Old 

Funnier  transfer  
Through  passenger  
Suburban  puoenger  

0 
0 
C 

3» 
1.545 
106 

1.S4J 

M 

Totals              .    . 

1 

0 

0 

M.7M 

66.7*4 

Locomotive  terminal*.  .  . 

0 

0 

0 

11.296 

11.W6J 

Total*      

0 

0 

O 

r  

78.080 

Steam  Ve**el*: 

Tug*  and  lighter*  

o 

O 

0 

0 

0 

River  barge*  and  dredge* 
Lake  (teamen  and  bargei 

0 
0 

0 

O 

0 
0 

0 
0 

0 
0 

Jotato  

0 

0 

0 

0 

0 

Huh  Pramra  Steam  Sta- 
tionary Power  and  Heat- 
ing Plant* 

0 

0 

0 

5,630 

5.00 

Low    Preawre   Steam   and 
other  Stationary  Heating 
Plant*  

-•  :  • 

319 

7.90B 

53.001 

;«.  and  Coke  Plant*: 
Public  *ervice 

o 

0 

0 

0 

Other  nervier  

0 

0 

0 

0 

a 

Total*        

0 

0 

0 

0 

0 

•'urnace*: 
For  metallurgical,  manu- 
facturing, and  other  pco- 

0 

647 

0 

M4 

1.411 

Grand  total*... 

M.S30 

•M 

-   --. 

I04J37 

1S7.I3H 
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Zone  District  A- 13  Zone  District  A- 14 


The  territory  embraced  in  this  district  covers 
an  area  of  33.55  square  miles  and  extends  from 
Stony  Island  Avenue  and  the  western  line  of 
Sections  13,  24,  25  and  36,  Twp.  37  N.,  R.  14  E., 
westward  to  Kedzie  Avenue 
and  the  city  limits  and 
from  ;gth  Street  southward 
to  the  city  limits.  It  in- 
cludes Morgan  Park  but 
does  not  include  a  small 
area  lying  between  Morgan 
Park  and  Chicago.  It  is 
crossed  by  several  railroad 
lines.  Many  manufactur- 
ing plants  with  special  furnaces  are  located 
within  its  borders.  The  following  summary 
shows  the  fuel  consumed  in  Zone  District  A-i3: 


Zone  District  A-I3 


This  district  embraces  an  area  of  20.16  square 
miles    and    includes    the    territory    from    Lake 
Michigan  and  the  state  line  westward  to  Stony 
Island  Avenue  and  the  western  line  of  Sections  13, 
24,  25  and  36,  Twp.  37  N., 
R.    14  E.,   and  from  79th 
Street    southward    to    the 
city  limits.    Within  its  area 
are  located   the   industries 
of  South  Chicago  and  the 
extensive  docks  for  ore  and 
coal     along    the    Calumet 
River.     It  contains    many 
zone  District  A-,4  large    steej    and  industrial 

plants,  many  railroad  lines  and  extensive  rail- 
road yards.  The  following  summary  shows  the 
fuel  consumed  in  Zone  District  A-i4: 


DENSITY  OF 

PER  CENT 

CONSUMPTION, 

TONS 

OF  TOTAL 

TONS  PER  SQ.  MI. 

Steam  locomotives 

.   260,891 

•      36.38 

•        •        •        7,776 

Steam  locomotives 

All  other  services  . 

.   456,326     . 

.     63.63 

.        .        .      13,602 

All  other  services 

Totals     .     .     . 

.    717,217     • 

.  IOO.OO 

.        .        .      21,378 

Totals  .     .     . 

TONS 

212,775 

4-323.039 

4-535,* "  4 


PER  CENT 
OF  TOTAL 
.        4.69 
95-3» 
.   IOO.OO 


DENSITY   OF 

CONSUMPTION, 

TONS  PER  SQ.  MI. 

•  •        •         10,554 

•  •        •      214.437 

•  •        •      224,991 


A  detailed  statement  of  the  fuel  consumed  by 
different  services  in  Zone  District  A-i3  is  pre- 
sented as  table  LVII. 

TABLE   LVII.     COAL  AND   COKE   CONSUMED    DURING 
THE  YEAR    1912   IN   ZONE    DISTRICT  A-u 


A  detailed  statement  of  the  fuel  consumed  by 
different  services  in  Zone  District  A- 14  is  pre- 
sented as  table  LVIII. 


TABLE    LVIII.     COAL   AND   COKE   CONSUMED    DURING 
THE   YEAR    1912   IN   ZONE    DISTRICT  A-I4 


Service 

Tons  of  Fuel  (2000  Lb.) 

Total 

Anthra- 
cite 

Coke 

Poca- 

hontas 

Bitu- 
minous 

Steam  Locomotives: 
Yard  

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0 
0 

0 
0 
0 
0 
0 
0 

102,107 
M.04I 

BQ  ISM 
687 
22.885 
22.018 

102,107 
34.648 

6U4HO 
687 

-•-•>'- 
22,01  S 

Road  freight  
Freight  transfer  
Passenger  transfer  
Through  passenger  
Suburban  passenger  

Totals 

0 
0 

0 
0 

0 
0 

242,805 
18.086 

.'I.'  -.,-, 
18,086 

Locomotive  terminals  .  .  . 
Total*  

0 

nl           o 

JfKi  v,| 

Ji.ii,  VH 

Steam  Vessels: 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 

0 
0 

0 
0 
0 

River    barges     and 
dredges  

Lake    steamers   and 
barges  

Totals  

0 

0 

0 

0 

0 

High   Pressure  Steam  Sta- 
tionary Power  and  Heat- 
ing Plants  

3.030 

1.430 

666 

283.927 

289,053 

Low    Pressure    Steam    and 
other  Stationary  Heating 
Plants  

!4.!Wli 

L'.lliS 

,-,,3(K> 

71,039 

123,443 

Gas  and  Coke  Plants: 
Public  service  

0 
0 

0 
0 

0 
0 

(1 
0 

0 

0 

Other  service  

Totals  

0 

0 

0 

0 

II 

Furnaces: 
For  metallurgical,  manu- 
facturing and  other  pro- 
cesses   

263 

19.609 

0 

23.953 

43.830 

Grand  totals  

48.234 

23.2071         5,966 

c,:i!i.xi(i 

717,217| 

Sen-ic* 

Tons  of  Fuel  (2000  Lb.) 

Total 

Anthra- 
cite 

Coke 

Poca- 
hontas 

Bitu- 
minous 

Steam  Locomotives: 
Yard  

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

2,624 
0 
0 
0 
0 
0 

130,467 
19,631 
27,577 
106 
16,437 
6,203 

133,091 
19.631 
27,577 
106 
16.437 
6.203 

Passenger  transfer  
Through  passenger  .... 
Suburban  passenger  .  .  . 

Totals     . 

0 
0 

0 
0 

2,624 
0 

2O0.421 

!t.7» 

ao&oti 

9.730 

Locomotive  terminals. 
Totals  

0 

0 

l',624 

liin.l.-.l 

212,775 

Steam  Vessels: 
Tugs  and  lighten  
River     barges     and 

11 
0 
'      0 

0 
0 
0 

95 
0 
0 

8,303 
291 

12.fi.-lli 

8,409 
291 
12.636 

Lake  steamers    and 
barges  

Totals       

11 

o 

95 

21.  230 

21,336 

High  Pressure  Steam  Sta- 
tionary    Power    and 
Heating  Plants  

0 

0 

A4 

784.928 

784,982 

Low  Pressure  Steam  and 
other  Stationary  Heat- 
ing Plants  

23.762 

554 

5.363 

74.519 

10I.1S.X 

Gas  and  Coke  Plants: 

0 
0 

11,901 
0 

•      0 

2.366 

0 

1NI..VW 

11,901 

92,94* 

Other  service  
Totals  

0 

1  l.'.XIl 

2,366 

•i.i  .-.x:; 

HU.M" 

Furnaces: 
For  metallurgical,  man- 
ufacturing   and     other 
processes  

-.  -,  ]  _' 

J  77  -."11 

25.585 

500.643 

3,307,684 

Grand  totals  

•J->  2S-, 

-•.;•>*.  ;.,<i 

M£77 

1    us  '  II",  ! 

i  UMM 
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Zone  District  B-i 

This  district  has  an  area  of  5.28  square  miles 
ami  embraces  the  territory  from  Lake  Michigan 
\\rst\\anl  t<>  Kcdzie  Avenue  extended  and  from 
the  northern  city  limits  northward  to  the  outer 
boundary  of  Zone  B.  It  is 
sed  by  two  lines  of  rail- 
mail  and  includes  within 
its  borders  a  few  manu- 
facturing and  power  plants. 
The  district  is  almost  en- 
tiivly  residential  and  is 
thickly  populated.  It  in- 
cludes a  large  portion  of 
the  city  of  Evanston.  The 
following  summary  shows  the  amount  of  fuel 
consumed  by  the  different  services  in  Zone  Dis- 
trict B-i: 


Zone  District  B-i 


Steam  locomotives 
All  other  services  . 

Totals 


TONS 

11,482 

126,886 


DENSITY   OF 

PER  CENT  CONSUMPTION, 
OF  TOTAL  TONS  PER  SQ.  MI. 
.  8.30  .  .  .  2,175 
.  91.70  .  .  .  24,031 


138,368 


I  CM). 0<> 


26,206 


A  detailed  statement  of  the  fuel  consumed  by 
different  services  in  Zone  District  B-i  is  presented 
as  table  LIX. 


/.inn-   District   B-2 


This  district  cnibrurrs  an  an -a  <>f  15.93  square 
miles  extending  from  Kt-dzie  Avenue  and  K<--l/i< 
Avfiuii-  extended,  westward  to  a  portion  of 
Chicago  known  as  Kdison  Park  and  to  the  outer 
boundary  of  /,om-  B,  and 
from  the  northern  city 
limits  and  Park  Ridge 
Road  northward  to  tin- 
boundary  of  Zone  B.  It  has 
a  small  population  centered 
principally  at  Morton 
Grove  and  Niles  Center. 
The  district  contains 
large  areas  of  farm  lands. 
It  is  crossed  by  the  main  lines  of  several  rail- 
roads. The  following  summary  shows  the  fuel 
consumed  in  Zone  District  B-z: 


Steam  locomotives 
All  other  services    . 

Totals 


Zone  District  ft-i 


DENSITY  OF 
PER  CENT         CONSUMPTION, 

TOSS 

OF  TOTAL      TONS  PER  SQ.  Ml. 

11,780      . 

•   '9  55       • 

739 

48.483      • 

.  80.45       .     . 

•      3.044 

60,263 


. IOO.OO 


3.783 


A  detailed  statement  of  the  fuel  consumed  by 
different  services  in  Zone  District  B-2  is  presented 
as  table  LX. 


TABLE   LIX.     COAL  AND   COKE   CONSUMED   DURING 
THE  YEAR  1913  IN  ZONE  DISTRICT  B-i 


TABLE   LX.     COAL  AND    COKE    CONSUMED    DURING 
THE   YEAR    1912   IN   ZONE    DISTRICT   B-a 


To 

us  of  Fue 

.JIN  »i  1.1 

».) 

Service 

Anthra- 
cite 

Coke 

Poca- 

luint  i- 

Bitu- 
minous 

Total 

Steam  Locomotive*: 
Yard                

0 

0 

0 

4.188 

4,188 

Road  freight 

0 

0 

0 

380 

386 

0 

0 

0 

23 

23 

0 

0 

0 

53 

53 

Through  passenger  
Suburban  passenger  

0 
0 

0 

0 

0 
0 

2.434 
3.4S4 

2.434 
3.454 

Total* 

0 

0 

0 

10,538 

10  m 

Locomotive  terminals.  .  . 

0 

0 

0 

944 

944 

Totals  

0 

ii 

0 

11,482 

11.482 

Steam  Vessels: 
Tugs  and  lighters  
River  barge*  and  dredges 
Lake  steamers  and  barge* 

0 
0 

0 

0 
0 
0 

0 
0 
0 

0 
0 

0 

0 
0 
0 

Total*  

0 

0 

0 

0 

0 

High  Pressure  Steam  Sta- 
tionary Power  and  Heat- 
ing Plants  

0 

0 

.•  ...  : 

.'J    !•  J 

25.069 

Low    Pressure   Steam   and 
other  Stationary  Heating 
Plant*  

62,274 

3.219 

16.439 

15,732 

87.664 

Oaa  and  Coke  Plant*: 

0 

0 

O 

0 

0 

Other  service  

0 

0 

O 

0 

0 

Total*  

0 

0 

0 

0 

0 

Furnace*: 
For  metallurgical,  manu- 
facturing and  other  pro- 
cesses    

0 

0 

0 

14.153 

14.153 

Grand  total*  

52.274 

3.219 

II 

«3.H_» 

-.  w  IA* 

To 

a*  of  Fuel  (3000  LI 

b.) 

Service 

Anthra- 
rite 

C<*«        ££. 

Bitu- 

- 

Total 

Steam  Locomotive*: 
Yard  

O 

•!     ° 

0 

Road  freight  

0 

0 

6.536 

6.536 

0 

0 

10 

o 

0 

0 

Through  paawnger  
Suburban  uinnnfrr  

0 
0 

0 

o            o 

3.948 
1.277 

3.948- 
1.277 

Total*  

0 

o*           a 

:  :  ->• 

:  :  If 

Locomotive  terminal*  .  . 

0 

o|           o 

0 

0 

Total.  

o 

0                 O 

•  :  :- 

II    7~ 

Steam  Veewl*: 

0 

So 

River  barge*  and  dredg™ 
Lake  (teamen  and  barge* 

a 

0 

0 

(1 

0 

Total*  

0 

0 

0 

0 

High   Pressure  Steam  Sta- 
tionary Power  and  Heat- 
ing Plant*  

Q 

1 
»             7ft 

i      30.438 

30416 

Low    Preanire   Steam   and 
other  Stationary  Heating 
Plant* 

>., 

J             . 

••    ".I 

•   •  i 

Oa*  and  Coke  Plant*: 

0 

0 

0 

663 

Other  service  

0 

<?                  0 

I 

tt 

Total*  

1 

1KB                  0 

• 

• 

Furnace*: 
For  metallurgical,  manu- 
facturing and  other  pro- 

rf  mr* 

0 

J 

m 

J 

Crand  total*  

w 

.- 

- 

• 

I2O 
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Zone  District  B-j 

This  district  has  an  area  of  14.59  square  miles 
extending  from  the  city  limits  westward  to  the 
outer  boundary  of  Zone  B  and  from  Park  Ridge 
Road  southward  to  Irving  Park  Boulevard  and 
Seymour  Avenue.  It  has  a 
small  population,  chiefly  in 
Park  Ridge.  The  territory 
consists  mainly  of  farm 
lands.  It  is  crossed  by  two 
railroads.  The  following 
summary  shows  the  fuel 
consumed  in  Zone  Dis- 

Zone  District  B.3  trirt    B-3  : 


DENSITY   OF 

PERCENT          CONSUMPTION, 

TONS 

OF  TOTAL      TONS  PER  SQ.  MI. 

Steam  locomotives 

.    ",499     • 

.       26.46          ...            788 

All  other  services  . 

-    31.959     • 

.    73-54       •     •     •      2,191 

Totals 


43-458 


100.00 


2,979 


A  detailed  statement  of  the  fuel  consumed  by 
different  services  in  Zone  District  8-3  is  presented 
as  table  LXI. 

TABLE  LXI.     COAL  AND  COKE  CONSUMED  DURING 
THE  YEAR    1912    IN    ZONE    DISTRICT   B-3 


Service 

Tons  of  Fuel  (2000  Lb.) 

Total 

Anthra- 

cite 

Cok« 

Poca- 

hontas 

Bitu- 
minous 

Steam  Locomotives: 
Yard     

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

5,631 
1.118 
125 
0 
1,008 
703 

5.631 
1.118 
125 
0 
1.008 
703 

Freight  transfer  

Through  passenger  
Suburban  passenger  

Totals  

0 
0 

0 
0 

0 
0 

8.586 
2.914 

8,686 
2,914 

Locomotive  terminals  .  .  . 
Total*  

0 

0 

0 

11.499 

11.499 

Steam  Vessels: 
Tugs  and  lighters  
River  barges  and  dredges 
Lake  steamers  and  barges 

Total*  

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 

0 

0 

0 

0 

High   Pressure  Steam  Sta- 
tionary Power  and  Heat- 
ing Plants  

0 

0 

1.404 

22.257 

23.661 

Low    Pressure    Steam    and 
other  Stationary  Heating 
Plant*  

4,869 

333 

2,205 

891 

K.21IX 

Gas  and  Coke  Plants: 
Public  service  
Other  service  

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

Totals  

0 

0 

0 

0 

0 

Furnaces: 
For  metallurgical,  manu- 
facturing and  other  pro- 
cesses   

0 

0 

0 

0 

0 

Grand  totals  

4,869 

333 

3,609 

34,642 

43.458 

Zone  District  B-4 

This  district  covers  an  area  of  19.25  square 
miles  extending  from  the  city  limits  westward  to 
the  outer  boundary  of  Zone  B  and  from  Irving 
Park  Boulevard  and  Seymour  Avenue  south- 
ward to  North  Avenue.  Its  small  population  is 


centered  principally  in  the  villages  of  Franklin  Park 

and  River  Grove.  The  re- 
maining territory  contains 
tracts  of  farm  lands.  It  is 
crossed  by  the  main  lines  of 
three  railroads  and  by  the 
Des  Plaines  River.  The 
following  summary  shows 
the  fuel  consumed  in  Zone 
District  8-4: 

Zone  District  8-4 


Steam  locomotives 
All  other  services    . 

Totals 


DENSITY   OF 

PER  CENT          CONSUMPTION, 

TONS 

OF  TOTAL      TONS  PER  SQ.  MI. 

30,552 

.       .      68.65         •       •       •      1.587 

13,950 

.    31-35       ...       7»5 

44-502 


100.00 


2,312 


A  detailed  statement  of  the  fuel  consumed  by 
different  services  in  Zone  District  8-4  is  presented 
as  table  LXII. 

TABLE  LXII.     COAL  AND  COKE  CONSUMED  DURING 
THE   YEAR    1912    IN   ZONE    DISTRICT  B-4 


Te 

ns  of   1  'in 

i  rj  i 

b.) 

Service 

Anthra- 
cite 

Coke 

Poca- 
hontas 

Bitu- 
minous 

Total 

Steam  Locomotives: 
Y»rd 

0 

0 

0 

11  519 

11,519 

1  :->•!•  1  freight 

0 

0 

0 

5,328 

5,326 

Freight  transfer  
Passenger  transfer  
Through  passenger 
Suburban  passenger  

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

5,418 
0 
3,767 
1.613 

5,418 
0 
3.767 
1.613 

Totals 

0 

0 

o 

27  643 

27  643 

Locomotive  terminal*  .  .  . 

0 

0 

0 

LVIIV.I 

J.'.KIil 

Tota's   

0 

0 

0 

30,652 

30.552 

Strain  Vessels: 

0 

0 

o 

o 

0 

River  barges  and  dredges 
Lake  steamers  and  barges 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

Totals                  

0 

0 

0 

0 

0 

High   Pressure  Steam  Sta- 
tionary Power  and  Heat- 
injr  Plants  

0 

0 

0 

:,."j:, 

5.925 

Low    Pressure    Steam    and 
other  Stationary  Heating 
Plant*                   

1,298 

179 

136 

6,176 

7.788 

Gas  and  Coke  Plants: 

o 

o 

o 

o 

0 

Other  service  

0 

0 

0 

0 

0 

Total*     

0 

0 

0 

0 

0 

Furnaces: 
For  metallurgical,  manu- 
facturing ana  other  pro- 

0 

237 

0 

0 

237 

Grand  totals  

1,298 

416 

i;i.-, 

42.663 

II..  MIL' 

Zone  District  B-s 


Zone  District  B-$ 

The  territory  embraced 
in  this  district  contains  an 
area  of  11.84  square  miles 
located  directly  west  of  the 
Des  Plaines  River  and  ex- 
tending from  the  river  west- 
ward to  the  outer  boun- 
dary of  Zone  B  and  from 
North  Avenue  southward 
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to  uth  Street.  Its  centers  of  population  are  Mel- 
rose  Park,  Maywood  and  Bellwood.  It  con- 
large  areas  of  farm  lands  and  a  few  manu- 
facturing plants.  It  is  crossed  by  the  main  lines 
of  three  railroads.  The  following  summary  shows 
tlir  furl  consumed  in  Zone  District  8-5: 

DENSITY   OF 


PER  CENT 

CONSUMPTION, 

TONS 

OF  TOTAL 

TONS  PER  SQ.  III. 

Steam  locomotives    . 

46,630     . 

30.71 

.       .       •       3.938 

All  other  services 

105,224 

•     69.29 

.      .      .      8,888 

T&Ul . 


131,854 


100.00 


12,826 


A  detailed  statement  of  the  fuel  consumed  by 
different  services  in  Zone  District  6-5  is  presented 
as  table  LXIII. 

TABLE   LXIII.     COAL  AND   COKE   CONSUMED    DURING 
THE   YEAR    1912    IN   ZONE  DISTRICT  B-s 


T< 

>ns  of  Fu< 

1      -'<  1 

b.) 

Service 

Anthra- 

Coke 

Poca- 
honta* 

Bitu- 
minous 

'    • 

Steam  Locomotives: 
Yard     

0 

0 

0 

2*i  525 

o 

0 

o 

o 

o 

0 

10  163 

Passenger  transfer  
Through  passenger  
Suburban  passenger  

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
2,900 
1.705 

0 
2,900 
1.705 

•    Total* 

o 

o 

o 

45  250 

45  2V) 

Locomotive  terminals  .  .  . 

0 

0 

0 

:   LSI 

lira 

Total*  

0 

0 

0 

|...,;i 

i  ;< 

Steam  Vessels: 
Tugs  and  lighters  
River  barges  and  dredges 
Lake  steamers  and  barges 

0 
0 
0 

0 
0 
0 

0 

II 

0 

0 
0 
0 

0 
0 
0 

Total*  

0 

0 

0 

0 

0 

High  Pressure  Steam  Sta- 
tionary Power  and  Heat- 
ing Plant*      

0 

0 

238 

68.102 

68,340 

*ow    Pressure   Steam   and 
other  Stationary  Heating 
Plant*  

18,687 

666 

2.459 

7.989 

2!I,K01 

Gas  and  Coke  Plant*: 
Public  service.  . 

o 

0 

0 

0 

o 

Other  service  

0 

0 

0 

0 

0 

Total*  

0 

0 

0 

0 

0 

Furnaces: 
For  metallurgical,  manu- 
facturing and  other  pro- 
cesses   

116 

6.194 

0 

774 

7.083 

Grand  total*  

18,802 

H.KIMI 

2,697 

123.495 

151.  S54 

Zone  District  B-6 

This  district  contains  an  area  of  8.16  square 
miles  embracing  the  territory  from  the  city  limits 
westward  to  the  Des 
Plaines  River  and  from 
North  Avenue  southward 
to  i  zth  Street.  It  is  crossed 
by  several  railroad  lines  and 
contains  the  populous  cen- 
ters of  Oak  Park,  River 
Forest  and  Forest  Park. 
Its  northern  portion  has 
many  open  fields.  The 


following    Mimmarv    -hows    the    fuel    consumed 
by  the  difft-rcnt  services  in   Zone  District  B-6: 


Steam  locomotives 
All  other  service*    . 

Totals 


DENSITY   <» 

PCI  CBNT        CONSUMPTION, 

Of  TOTAL    TONS  PK«  *}.  MI. 

18,847  9.48       .  2,310 

180,010       .        .     90.52       ...      22,O6O 

198,857     .     .100.00    .     .     .    24,370 


A  detailed  statement  of  the  fuel  consumed  by 
different  services  in  Zone  District  B-6  is  presented 
as  table  LXIV. 

r.UILK    LXIV.     COAL  AND   COKE   CONSUMED    DURING 
THE   YEAR    1911   IN   ZONE    DISTRICT  B-* 


fcnin 

TOM  of  Fad  (9000  Lb> 

\,  ••  - 

•. 

'   • 

Pora- 

B.tu- 

• 

Total 

Steam  Locomotives: 
Yard 

0 

( 

( 
( 

0 
0 
0 
0 

( 

0 

( 

C 
0 

o 

• 

T.I.I.- 
0 
4.085 
I.WK 

1.820 
Ml 

:  1  N 
0 

4.0M 

:    ,., 

Haul  freight    

Through  ps**engvr 
Suburban  p*.auing«r  

Total. 

0 
0 

0 
0 

C 

I&M7 
0 

i-  mi 

0 

Locomotive  terminal*.  .  . 
Totals 

1 

0 

0 

;  -  *4  7 

:-  -i: 

Steam  Vessels: 
TugH  ami  lighters  
River  barges  and  dredges 
Lake  steamers  and  barge* 

Totals 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
O 
C 

0 
0 
0 

0 

0 

0 

0 

0 

High   Pressure  Steam  Sta- 
tionary Power  and  Heat- 
ing Plant*  

0 

0 

1.9M 

58.103 

.,,..... 

Low    Pressure    Steam    and 
other  Stationary  Heating 
Plant*  

59,OSO 

2.680 

14.080 

34.MS 

110.520 

Gas  and  Coke  Plant*: 

" 
0 

0.3.1 

0 

0 
0 

9.391 
0 

Other  service  

Total*  

0 

0.391 

0 

0 

•...'•: 

Furnace*: 
For  metallurgical,  manu- 
facturing ana  othei  pro- 

0 

0 

0 

0 

0 

Gnnd  total*  

,.,,-,, 

12.071 

18.092 

111  :  ; 

108357 

Zone  District  B-7 

This  district  contains  an  area  of  16.48  square 
miles  located  directly  west  of  Harlem  Avenue, 
and  extends  from  Harlem  Avenue  to  the  outer 
boundary  of  Zone  B  and  from  i2th  Street  south- 
ward to  4?th  Street.  Its  centers  of  population 
are  the  towns  of  Riverside,  Brookfield,  La  Grange 
and  La  Grange  Park.  It  in- 
cludes large  areas  of  farm 
lands.  The  district  is 
crossed  by  several  railroad 
lines  and  by  the  Des  Plaines 
River.  The  following  sum- 
mary shows  the  amount 
of  fuel  consumed  by  the 
different  services  in  Zone 
District  B-?: 
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DENSITY   OF 

DENSITY   OF 

PER  CENT 

CONSUMPTION, 

PER  CENT 

CONSUMPTION, 

TONS 

OF  TOTAL 

TONS  PER  SQ.  MI. 

TONS 

OF  TOTAL 

TONS  PER  SQ.  MI. 

Steam  locomotives 

•    20,553   • 

•       32.99 

•        •        •        1,247 

Steam  locomotives 

.     61,992 

.        .       26.49 

.     .     .     4,862 

All  other  services    . 

•    41-739  • 

.       67.01 

.      .     .      2,533 

All  other  services   . 

.   172,011 

•        •       73.51 

•      •      •     I3,4'»l 

Totals       .      .     . 

.    62,292   . 

.    IOO.OO 

•        •        •        3.780 

Totals      .      .     . 

.  234,003 

.     IOO.OO 

•      •      •     18,353 

A  detailed  statement  of  the  fuel  consumed  by 
different  services  in  Zone  District  6-7  is  pre- 
sented as  table  LXV. 

TABLE   LXV.     COAL  AND   COKE   CONSUMED    DURING 
THE   YEAR    1912    IN   ZONE   DISTRICT  8-7 


Tc 

ns  of  Fue 

1   i-'(  

b.) 

Service 

Anthra- 
cite 

Coke 

[',„•:,- 

hontas 

Bitu- 
minous 

Total 

Steam  Locomotives: 
Yard  

0 

0 

0 

0 

0 

Road  freight    . 

0 

0 

0 

7,381 

7381 

0 

0 

o 

5  162 

5  162 

0 

0 

o 

0 

Through  passenger  
Suburban  passenger  

0 
0 

0 
0 

0 
0 

3.492 

4.518 

3,492 
4,518 

Totals  

0 

I 

0 

20,553 

jn  661 

Locomotive  terminals  .  .  . 

0 

0 

0 

| 

0 

Totals  

0 

0 

0 

-•H..-,-,:I 

20.553 

Steam  Vessels: 

o 

o 

o 

Q 

Q 

River  barges  and  dredger" 
Lake  steamers  and  bargex 

0 
0 

0 
0 

0 
0 

0 

n 

0 

0 

Totals  

0 

0 

0 

0 

0 

High  Pressure  Steam  Sta- 
tionary Power  and  Heat- 
ing Plants  

0 

423 

87 

7.935 

8.446 

Low    Pressure    Steam    and 
other  Stationary  Heating 
Plant*  

18,319 

4.456 

1,664 

7.:iu:, 

1]  ...I 

Gas  and  Coke  Plants: 
Public  service  

0 

1  660 

o 

0 

1  660 

Other  service  

0 

0 

0 

" 

0 

Totals  

0 

1  ,.„, 

0 

0 

1  ,.,.,. 

Furnaces: 
For  metallurgical,  manu- 
facturing and  other  pro- 
cesses   

0 

0 

0 

0 

0 

Grand  totals  

18.319 

6,539 

1,641 

35.793 

Zone  District  B-8 

This  district  embraces  an  area  of  12.75  square 
miles  and  includes  the  territory  from  the  city 
limits  westward  to  Harlem  Avenue  and  from  izth 
Street  southward  to  47th  Street.  The  district 
contains  the  towns  of  Hawthorne,  Clyde  and 
Berwyn.  Portions  of  it  are  sparsely  populated 
and  contain  large  areas  of  open  fields.  It  is 
crossed  by  the  main  lines  of  several  railroads, 
along  which  a  few  manu- 
facturing plants  and  rail- 
road yards  are  located, 
and  by  the  Drainage  Canal, 
the  Illinois  and  Michigan 
Canal  and  the  Ogden 
Ditch.  The  following  sum- 
mary shows  the  fuel  con- 
sumed by  the  different  ser- 
District  B-8  vices  in  Zone  District  B-8 : 


A  detailed  statement  of  the  fuel  consumed  by 
different  services  in  Zone  District  B-8  is  presented 
as  table  LXVI. 

TABLE   LXVI.     COAL  AND    COKE   CONSUMED   DURING 
THE   YEAR    1912   IN   ZONE   DISTRICT   B-8 


Te 

ns  of  Fue 

1  (2000  L 

b.) 

Service 

Anthra- 
cite 

Coke 

Poca- 
hOBtM 

Hitu- 
minous 

Total 

Steam  Locomotives: 
Yard. 

0 

0 

o 

33  058 

••";  ir.v, 

Road  freight  

0 

0 

o 

9  080 

'  UV 

0 

o 

Q 

8  377 

8*377 

0 

0 

0 

0 

0 

Through  passenger  
Suburban  passenger  

( 

< 

0 
0 

5,458 
5.218 

5,458 
MM 

Totals 

o 

o 

o 

61  191 

61  191 

Locomotive  terminal*  .  .  . 

0 

0 

0 

'731 

781 

ToUta  

0 

0 

0 

lii.iiaa 

St.  ,11.  Vtm  h 
Tugs  and  lighten  .  .  . 

5 

o 

92 

716 

813 

River  barge*  and  dredge* 
Lake  steamers  and  barges 

0 
0 

0 
0 

32 
0 

74 
0 

106 
0 

Totals  

1 

0 

124 

790 

919 

High  Pressure  Steam  Sta- 
tionary Power  and  Heat- 
inK  Plants  

0 

0 

78 

93,789 

'.i.l  s,-.7 

Low    Pressure    Steam    and 
other  Stationary  Heating 
Plants  .7.7 

13.140 

1.170 

yM 

18.751 

Gas  and  Coke  Plants: 

0 

o 

o 

Q 

Other  service  

0 

0 

0 

0 

0 

Totals   

0 

0 

0 

0 

0 

Furnaces: 
For  metallurgical,  manu- 
facturing and  other  pro- 

233 

12,472 

162 

30,109 

42,976 

Grand  totals  

13.37S 

1.  <.'.!.' 

1,622 

_•"-,,  .1M 

234,003 

Zone  District  B-p 

The  territory  of  24.00  square  miles  embraced 
by  this  district  extends  from  the  city  limits  west- 
ward to  the  outer  boundary  of  Zone  B  and 
from  47th  Street  southward  to  8 7th  Street. 
It  is  sparsely  populated. 
It  is  crossed  by  the  Drain- 
age Canal,  the  Illinois  and 
Michigan  Canal,  the  Des 
Plaines  River  and  several 
railroad  lines.  The  follow- 
ing summary  shows  the 
amount  of  fuel  consumed 
in  Zone  District  B-o: 

Zone  District  B-9 


Steam  locomotives 
All  other  services     . 

TONS 

.   32,169  . 
•  167.953  • 

DENSITY   OF 
PER  CENT          CONSUMPTION, 
OF  TOTAL       TONS  PER  SQ.  MI. 
.       16.07           .        .        .       1,340 
.83.93           ...       6,998 

Totals       ....  200,122   . 


I  C  X  >  .  <  K  > 


8,338 


COAL    AND    COKE    CONSUMPTION 


A  detailed  statement  of  the  fuel  consumed  by 
different  services  in  Zone  District  B-g  is  presented 
as  table  LXVII. 

TABLE   LXVII.     COAL   AND   COKE   CONSUMED    DURING 
THE   YEAR    ion    IN   ZONE    DISTRICT   B-c, 


To 

n»  of  Fin- 

•-•  

».) 

>r'T  \    |i    '' 

Anthra- 
cite 

Coke 

Poca- 

<:•••     ' 

1'.    IU 

mi  nous 

Total 

Steam  Locomotive*: 

Yard             

n 

0 

0 

12.&16 

12.616 

li 

0 

0 

..,,.- 

0 

0 

0 

ll.iiHi 

ll.i.n 

0 

0 

0 

0 

0 

n 

0 

0 

1.721 

1.721 

Suburban  passenger  

0 

0 

0 

170 

170 

Totals            

0 

0 

0 

31,091 

at,oei 

Locomotive  terminals  .  .  . 

0 

0 

0 

1.078 

I.07K 

Totals  

0 

0 

0 

32.169 

jg  I..'. 

Steam  Vessels: 

7 

0 

142 

1,117 

1,266 

River  barges  and  dredge* 
Lake  steamers  and  barge* 

0 
0 

0 
0 

50 
0 

116 
0 

n;i 
0 

Totals  

7 

0 

192 

1.233 

I.I  :. 

High    Pressure  Steam    St:i 
tionary  Power  and  Heat- 
inn  Plants  

0 

0 

0 

160.511 

l.wi  Ml 

Low    Pleasure   Steam    anc 
other  Stationary  Heatinp 
Plants     

6AO 

30 

56 

4,011 

:,  .c,. 

Gas  and  Coke  I'lsnts: 

Q 

0 

0 

0 

Other  service  

0 

0 

0 

0 

0 

Totals 

0 

0 

0 

0 

0 

Furnaces: 
For  metallurgical,  manu- 
facturing and  other  pro- 
cesses   

104 

83 

0 

467 

654 

Grand  totals  

771 

113 

.•17 

lift..  

200.122 

Zone  District  B-io 

This  district  covers  an  area  of  21.57  square 
miles  extending  from  the  city  limits  westward 
to  the  outer  boundary  of 
Zone  B  and  from  8  7th 
Street  southward  to  1 1  gth 
Street.  Except  for  a  small 
population  in  the  towns  of 
Evergreen  Park,  Mt.  Green- 
wood and  Oaklawn,  the 
territory  abounds  in  open 
fields  and  farm  lands. 
Three  railroad  lines  cross 
this  district  and  Stony  Creek  flows  through  the 
southern  portion.  The  following  summary  shows 
the  fuel  consumed  in  Zone  District  B-io: 


Zone  District  B-io 


TABLE   I.XVIII.    COAL  AND  COKE  CONSUMED 

THE   YEAR    i«u   IN   ZONE   DISTRICT  B-io 


1    K 

.  .(  f  ,.  . 

.,..,    ! 

fervlm 

\  
• 

Coin 

1'      < 

Taul 

Mm  '•  >  

Yard 

" 

II 

• 

•-• 

V 

: 

•    • 

I 

rliroi|(h  paaMtlgrr 

S'linirlwn  passenger     •  • 

'• 

0 

" 

0 

0 

1 

•  :-i 
l.»7* 

,& 

ToUib      .... 

0 

(1 

is.ftsn 

;-...• 

Ixicomulire  terminals   .  . 

0 

0 

• 

• 

0 

Tolah  

« 

c 

.     « 

i,..-.. 

;-  •..-,. 

Steam  Vessels: 

0 

0 

0 

0 

• 

Kivi-r  Imrges  And  dredge* 
Lake  steamers  MM!  (mrier- 

0 
0 

0 
0 

0 
.    0 

0 
0 

( 

Totals 

0 

0 

0 

0 

0 

HlKli    I'rf-.iiri-    8to>m    Sta 

tionary  Power  and  Heat 
inn  Plant* 

0 

0 

0 

451 

r,. 

Low   Pressure   Steam    am 
other  Stationary  Heating 
Plants  

80 

0 

iao 

WT 

M7 

Gas  and  Coke  Plant*: 

0 

0 

0 

1 

' 

Other  aervice  

( 

« 

0 

a 

ToUta  

0 

0 

0 

0 

a 

Furnaces: 
For  metallurgical,  manu 
facturing  and  other  pro- 
cesses   

0 

178 

a 

0 

ITS 

Gnnd  totals  

so 

17." 

\x 

19.494 

Mjat 

Zone  District  B-n 

This  district  embraces  an  area  of  20.32  square 
miles  extending  from  the  city  limits  and  the 
extension  of  Indiana  Avenue,  westward  to  the 
outer  boundary  line  of  Zone  B  and  from  the  city 
limits  and  ngth  Street 
southward  to  the  boundary 
line  of  Zone  B.  It  con- 
tains the  towns  of  Blue 
Island,  Riverdale,  Harvey, 
North  Harvey,  Posen  and 
Phoenix.  The  remaining 
territory  consists  of  open 
fields  and  marshy  lands. 
Several  railroad  lines,  on 
which  are  situated  a  number  of  manufacturing 
plants,  cross  the  district,  as  do  also  the  Little 
Calumet  River,  Stony  Creek,  Canal  Feeder  and 
Calumet  Slough.  The  following  summary  shows 
the  fuel  consumed  in  Zone  District  B-n  : 


Zone  District  B-ti 


KM  I     (HI 


922 


TONS 
18,656 

'."3 

19.879 

A  detailed  statement  of  the  fuel  consumed  by 
different  services  in  Zone  District  B-io  is  pre- 
sented as  table  LXVII  I. 


Steam  locomotives 
All  other  services 

Totals 


DENSITY  OP 

DENSITY  OF 

PER  CENT 

CONSUMPTION, 

PER  CENT 

CONSUMPTION, 

OF  TOTAL 

TOSS  PER  SQ.  Ml. 

TONS 

OF  TOTAL 

TONS  PER  SQ.  Ml. 

•      93-85 

...             865 

Steam  locomotives 

•      99.823   • 

.       3I-82 

.       -       •       4.9«3 

.      6.15 

...          57 

All  other  services  . 

.  313.857    • 

.     68.18 

.       .       .      10,524 

Totals 


313-6*0 


100.00 


15.437 


A  detailed  statement  of  the  fuel  consumed  by 
different  services  in  Zone  District  B-i  i  is  pre- 
sented as  table  LXIX. 
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TABLE   LXIX.     COAL   AND   COKE   CONSUMED    DURING 
THE   YEAR    1912   IN   ZONE   DISTRICT   B-n 


TABLE  LXX.     COAL  AND  COKE  CONSUMED  DURING 
THE  YEAR  1912  IN  ZONE  DISTRICT  B-ia 


Service 

Tons  of  Fuel  (2000  Lb.) 

Total 

Anthra- 
cite 

Coke 

Poca- 

hontas 

Bitu- 
minous 

Steam  Locomotives: 
Yard     

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
n 

0 
0 
0 
0 
0 
0 

45,907 
16,349 
18,434 
4 
4,547 
6.139 

45,907 
16,349 
18,434 
4 
4,547 
6,139 

Passenger  transfer  
Through  passenger  
Suburban  passenger  

Totals 

0 

II 

0 
0 

0 
0 

gi.no 

M4J 

91,380 

s.ir, 

Locomotive  terminals  .  .  . 
Totals  

0 

0 

0 

99,823 

•I'l.s-i 

Steam  Vessels: 
Tugs  and  lighters  
River  barges  and  dredges 
Lake  steamers  and  barges 

Totals  

0 
0 
0 

0 
0 

0 

0 
0 

0 

0 
0 
0 

0 
0 
0 

0 

0 

0 

0 

0 

High  Pressure  Steam  Sta- 
tionary Power  and  Heat- 
ing Plants  

0 

0 

222 

1(17.149 
L'.VItt'.l 

167,371 

Low  Pressure  Steam  and 
other  Stationary  Heating 
Plants  

8,502 

314 

352 

:i.  .V7 

Gas  and  Coke  Plants: 

0 

0 

4,466 
0 

0 
0 

0 
0 

4,466 
0 

Other  service  

Totals  

0 

1  II... 

0 

0 

4.466 

Furnaces: 
For  metallurgical,  manu- 
facturing and  other  pro- 
cesses   

143 

2,904 

0 

4.466 

7,513 

Grand  totals  

H.MS 

7,684 

574 

L»«i.777 

I13.6HO 

Zone  District  B-I2 

This  district  has  an  area  of  21.28  square  miles 
extending  from  the  state  line  westward  to  the 
extension  of  Indiana  Av- 
enue and  from  the  city 
limits  southward  to  the 
outer  boundary  of  Zone  B. 
It  is  crossed  by  several 
railroad  lines  along  which 
are  located  a  number  of 
manufacturing  plants. 
With  the  exception  of  por- 
tions of  the  towns  of  Dol- 
ton,  West  Hammond,  Calumet  and  Burnham, 
the  district  is  sparsely  populated.  The  follow- 
ing summary  shows  the  amount  of  fuel  con- 
sumed by  the  different  services  in  Zone  District 
6-12: 


Zone  District  B-I2 


Steam  locomotives 
All  other  services  . 

"Totals 


TONS 

87,421 

23.109 

110,530 


DENSITY  OF 

PER  CENT          CONSUMPTION, 
OF  TOTAL      TONS  PER  SQ.  MI. 

79-09          •        •        •         4.'08 
20.91  .        .        .         I, 086 


1OO.OO 


5,194 


A  detailed  statement  of  the  fuel  consumed  by 
different  services  in  Zone  District  B-i2  is  pre- 
sented as  table  LXX. 


To 

ns  of  Fue 

1  (2000  L 

b.) 

Service 

Anthra- 
cite 

Coke 

Poca- 

hontas 

Bitu- 
miaou  > 

Total 

Steam  Locomotives: 
Yard 

0 

o 

0 

45  136 

45  136 

0 

0 

0 

12,728 

12  728 

0 

0 

0 

16,435 

16  435 

0 

0 

0 

24 

24 

Through  passenger  
Suburban  passenger  

0 
0 

0 

ii 

0 
0 

6,588 
1,012 

6,M| 
1,012 

Totals 

0 

0 

0 

81,923 

81  923 

Locomotive  terminals  .  .  . 

0 

0 

0 

:,,  ins 

MM 

Totals  

0 

0 

(1 

87.421 

87,421 

Steam  Vessels: 

0 

0 

0 

0 

0 

Kiver  barges  and  dredges 
Lake  steamers  and  barges 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

Totals  

0 

0 

0 

0 

0 

High  Pressure  Steam  Sta- 
tionary Power  and  Unit- 
ing Plants  

0 

0 

0 

17,124 

17.124 

Low    Pressure    Steam    and 
other  Stationary  Heating 
Plants     

1,972 

50 

So 

2.721 

IJM 

Gas  and  Coke  Plants: 

0 

0 

0 

0 

0 

Other  service  

0 

0 

0 

1.157 

1.157 

Totals  

0 

0 

0 

-   1,157 

1,157 

Furnaces: 
For  metallurgical,  manu- 
facturing and  other  pro- 
cesses    

0 

0 

0 

0 

0 

Grand  t..t:il- 

1,072 

10 

86 

108,423 

in  !.:,:«> 

Zone  District  B-IJ 

This  district  has  an  area  of  42.35  square  miles 
embracing  all  of  that  portion  of  the  Area  of 
Investigation  lying  in  the  state  of  Indiana. 

Located  within  this  terri- 
tory are  many  large  manu- 
facturing and  industrial 
plants  and  numerous  rail- 
road lines  andrailroad  yards. 
Its  centers  of  population  are 
Hammond,  East  Chicago, 
Whiting  and  Indiana  Har- 
bor. The  following  sum- 
mary shows  the  fuel  con- 
sumed in  Zone  District  6-13: 


Zone  District  8-13 


DENSITY    OF 
PER  CENT          CONSUMPTION, 

TONS 

OF  TOTAL      TONS  PER  SQ.  MI. 

Steam  locomotives 

265,022    . 

.       12.94          •        • 

.        6,258 

All  other  services 

1-783,533    . 

.        87.06         .        . 

.      42,114 

Totals 


2.048,555 


IOO.OO 


48,372 


A  detailed  statement  of  the  fuel  consumed  by 
different  services  in  Zone  District  6-13  is  pre- 
sented as  table  LXXI. 

104.17  Summary  of  Results:  Detailed  state- 
ments setting  forth  the  amount  and  kind  of  fuel 
consumed  by  different  services  in  each  zone 
are  presented  as  tables  LXXII  and  LXXIII,  and 
in  Zones  A  and  B  combined  as  table  LXXIV. 
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TABLE  LXXI.     COAL  AND  COKE  CONSUMED  DURING  THE 
YEAR  I9ia  IN  ZONE  DISTRICT  II    i  i 


TABLE    I.XXIII.     COAL   AND   COKE   CONSUMED    DURING 
THE    YEAR    1911   IN   ZONE  B 


To 

o*  of  Fue 

,    I2UM)    1 

b.) 

Service 

Vnthl  , 
cite 

Coke 

IV.     , 

Kit,, 

mm,  in. 

Total 

Steam  Locomotive*: 
Yard                    

0 

o 

0 

127  0H7 

•  •  ,  *  - 

Road  freight  

0 

o 

0 

o 

0 

o 

45.108 

:  •    ii. 

i.-..'uw 

;(2  920 

Passenger  transfer.  .  .  . 
Through  pa**encer  .... 
Suburban  passenger   .  . 

0 
0 
0 

0 
0 
0 

0 

o 

0 

04 
21.795 

i 

.1 
21.79ft 
6.301 

Tot  aU 

0 

o 

o 

MS.90 

•    .  -  « 

Locomotive  terminals  . 

0 

0 

0 

31,117 

.1  :  i: 

Totalu  

0 

0 

0 

......  n.v 

Steam  Vessels: 
Tugs  and  lighten  

0 

0 

0 

«,74« 

6.746 

dredge*  

0 

0 

0 

942 

942 

barges  

0 

0 

0 

954 

'.'.I 

Totals  

0 

0 

0 

K.MJ 

-..I.' 

High  Pressure  Steam  Sta- 
tionary   Power   and 

tl':tting   Plants  

0 

0 

•.  .'Ill 

l.ltll  I'll 

i  IflOjM 

Low  Pressure  Steam  and 
other  Stationary  Heat- 
ing Plants  

14,262 

799 

1,095 

103.406 

120.212 

Gas  and  Coke  Plant*: 

0 

1,979 

0 

0 

1.979 

Other  service  

0 

0 

0 

0 

0 

Totals  

0 

1.979 

0 

0 

1.979 

furnaces: 
For  metallurgical,  man- 
ufacturing   and    other 
processes  

38 

281,403 

200 

201.381 

483.002 

Grand  toUU  

14.300 

Jill.lM 

in.ixi'.i 

1.739,975 

2.048.555 

1 

..ft.. 

1  (SOW  lb.) 

ferric* 

Utl  ra 

- 

Cok. 

Porsv          BM«- 

Tetol 

Steam  Ixicon, 

\  .-  l 

0 

0 

O      3I3.M7 

»I3.»»7 

Roail  It.  mM 

O 

o 

O      122672 

- 

Freight  Irani!' 
Passenger  transfer 
Through  passeRr 
Suburban  passenger 

0 

0 

0 

1 

IJI.U.MS 

9        a 

0       63.527 
O       36.045 

.      • 
36.043 

Tumi. 

o 

o 

0     6AI  342 

.1 

Locomotiv*  terminals 

0 

0 

<l         V..III4 

i 

Totals  

a 

0 

0     716,356 

:>,  :-, 

-.  V(  ...  :• 
Tu««  and  lighters  
Kiver    barges    and 
dredges     . 

11 

o 

, 

234         8.579 
1  122 

1.214 

Lake  steamer*   and 
barges  

0 

: 

"            904 

954 

Totals  

11 

0 

316        10.665 

" 

Much  Pressure  Steam  Mla- 
iKinary     Power     and 
Heating  Plant*  

0 

4X1 

14.824  1315430 

1331.077 

Low  Pressure  Stmun  and 
other  Stationary  Heat- 
ing Plants  

193.511 

13.896 

40.543     244.214 

49S.164 

Ga*  and  Coke  Plant.: 
Public  service  

.. 

18,159 

0                0 

18.159 

Other  service  

0 

0 

OJ         1.157 

1.157 

Total*  

0 

18.159 

«         1.157 

It  111 

Furnace*: 
For  metallurgical,  man- 
ufacturing   and     other 
proceases  

633 

303,973 

362     251.489 

-.-.•     1     7 

194.156 

336.451 

66.045.  3439.711 

3.626.363 

TABLE    LXXII.     COAL   AND   COKE   CONSUMED   DURING 
THE   YEAR    1912   IN   ZONE  A 


TABLE   LXXIV.     COAL  AND   COKE   CONSUMED   DURING 
THE   YEAR    1912   IN   ZONES  A  AND  B 


Service 

Ton*  of  Fuel  (2000  Lb.) 

Total 

Anthra- 
cite 

Coke 

Poca- 
hontas 

Bitu- 
minous 

Steam  Locomotives: 
Yard 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

23,049 
0 
2,996 
sv 
2,441 
0 

1,026,467 
136,115 
351,806 

jii.lx- 
174,320 
155,327 

1.049.516 
136,115 
354,802 
21,370 
176.761 
l.V.,327 

Road  freight  

Freight  transfer  
Passenger  transfer  .  . 
Through  passenger  .  .  . 
Suburban  passenger  .  . 

IMdi 

0 
0 

0 
0 

29.371 
0 

1  •>••.!.  :,..•' 
2IM.  13 

MM  vi! 
105,1  I  : 

Locomotive  terminals 

Total*  

0 

0 

29.371 

_'.".,:>  ,.7 

.'.!.'  I'M.  II 

Steam  Vesaels: 
Tugs  and  lighten  .... 
River  barge*  and 

112 
0 
0 

0 
0 
0 

3,748 
1,186 
& 

31.293 
9,339 

r,..,'i7 

35,153 
10,525 
35,697 

Lake  steame-s  and 
barge*  

Total*  

112 

0 

4.934 

7'.,  :_••' 

81.375 

High  Pressure  Steam 
Stationary  Power  and 
Heating  Plants 

S.291 

2.121 

262,196 

7,046.649 

7.316.257 

Low  Pressure  Steam 
and  other  Stationary 
Heating  Plants  

1.677.761 

11.181 

Sl!l   I-". 

1.686.619 

4.154,746 

Gas  and  Coke  Plant*: 

5.882 
245 

133.643 
0 

6 

2,366 

0 
92.415 

139,525 

•>-.••.'. 

Other  service  

Total*  

6,127 

133,643 

2.366 

•u  II 

;•  :  1 

Furnaces: 
For  metallurgical, 
manufacturing     and 
other  processes  

43.711 

2,922.357 

26.090 

703.792 

• 

Grand  totals  

1.633.002 

3.099.302 

1,174.742  ll,67S.477il7.S82.523 

Service 

Too*  of  Fort  (3000  Lb.) 

Toul 

Uthra- 
tite 

Coke 

Poca- 
hontas 

Bitu- 

-    • 

Steam  Locomotives: 
Yard  

0 
0 
0 
0 
0 
0 

l)        23.049     1,340.454 
0                0       258.787 
0          2.996       476.742 
0             885          20.660 
0         2.441       237347 
0                 0        191.372 

1.363.503 
258.787 

17-  7  | 
21.5451 
M    M 
191.372 

Road  freight 

Freight  transfer  .... 
Passenger  transfer  .  . 
Through  passenger. 
Suburban  passenger 

Total* 

0 
0 

0 
0 

129.371 
0 

2.525.862:    2,555^33 
260.16?'       260.167 

Locomotive  termi- 
nal*   

Total*  

0 

0       29.371 

2.786.029     2.815.400 

Steam  Vessels: 
Tug*  and  lighters  .  .  . 

124 
0 
0 

0         3.982 

0          1.268 
OJ               0 

39.872 
10.471 
38.651 

43.978 
11.739 
36.651 

dredge*  
Lake   steamen    and 
barge*)  

Total*  

194 

Oi         5.250         80.994 

High    Pressure    Steam 
Stationary     Power 
and  Heating  Plant*. 

5.291 

2.544 

277.020    8.862.479 

9.147.334 

Low    Pressure    Steam 
and  other  Stationary 
Heating  Plant*  

Gas  and  Coke  Plant*: 

1.771.272 

55.077 

«•)  rjs 

1.930333 

4.646.910 

5.882      151.802 
245                 0 

'• 

2.36ft 

93.57* 

••  .    .--' 

157.684 
96.183 

253.867 
4.253.007 

Other  service  

Total*  

••i.U'7       l.-.l.sil-.' 

j  ;... 

Kurnaces: 
For      metallurgical, 
manufacturing    and 

II    ,11 

-•' 

17.1 

•      :- 

Grand  ••':'- 

1.827.158  3.4S5.75S 

1.330.787  I4.71S.1SS 

SI  408386 
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FIG.  14.    RELATIVE  DENSITY  OF  FUEL  CONSUMPTION  IN  THE  SEVERAL  ZONE  DISTRICTS 


COAL    AND    COKE    CONSUMPTION 


104.18  Consumption  per  Capita:  The  number 
of  tons  of  fuel  annually  consumed  per  capita  in 
each  zone  of  the  Area  of  Investigation  is  as  follows : 


Zono  A 
/,.  .IK-  B      . 
Z<>m-s  A  and  B 


POPULATION  (KST'D) 

FOR  I9U  TONS 

.       .       3,285,000         .  .         7.7 

.       .           265,000         .  .       13.7 

.       .       2,550,000         .  .         8.3 


104.19  Density  of  Consumption:  The  follow- 
ing table  shows  the  average  amount  of  fuel 
consumed  annually,  per  square  mile,  by  steam 
locomotives  and  by  all  other  services  in  each  zone 
of  the  Area  of  Investigation. 

TONS  PER  SQUARE  MILE 
ZONE  A     ZONE  B    A  AND  B 

Steam  locomotives     ....     10,797     .      3,064     .       6,575 
All  other  services       ....     79,639     .    12,447     •      42,953 


Totals 90,436 


15-5" 


49.528 


The  quantities  of  fuel  consumed  per  square 
mile  in  each  of  the  zone  districts  and  in  the  en- 
tire Area  of  Investigation  are  shown  in  table 
LXXV.  The  relative  density  of  fuel  consump- 


tion in  the  different  districts  is  also  represented 

graphic  ally  by  fig.  14. 

TABLE   LXXV.    DENSITY   OP   FUEL  CONSUMPTION   BY 
ZONE    DISTRICTS 


Zoo.Di.Uirt 

ArwSq.  MUM 

T«-C~-  1 

1     ,.,..-.,     M 

P»r  AMHUM 

A-l 

•15.404 

A-2 

i-  .•• 

120,404 

•      •: 

A  -3 

13  SO 

299.20H 

n 

A-l 

12.10 

2,141.808 

I7(i.lli 

A-5 

4.M 

1.749.99ft 

A-fl 

:.(W4 

154.114 

A-7 

»  7/1                         502.051 

04403 

A  -8 

15.80                         172.W7H 

11.141 

A  -9 

12.00                      2.98  1.  ci.'  7 

24A.9I9 

A-10 

.     •                        1.41.1.  HI.'! 

147.&80 

A-ll 

!.     .-.                         77H.071                        02.951 

A-  12 

0  00 

137.132            .          18.237 

A-l) 

a  u 

717,217 

21 

A-14 

20  10 

l      :  .  Ml 

:.•>    I-. 

1  ,•  ,  -   '/....,.    \ 

1M.42 

17.ftS3.U3 

90.436 

B-l 

5  28 

:  ,-  ;..- 

B-2 
B-3 

:i    • 

•••    .• 
U.4S8 

SB 

B-4 
B-5 

!••  U 
11.84 

44.5O2 
151.854 

.  - 

:-•  --'• 

B-6 

8.10                          •  -    : 

24.370 

B-7 

10.48                         «2.292 

.- 

B-8 

12  75                         234.003 

:-       . 

B-9 

24.00                         200.122 

-      - 

B-10 

21.87                         19,879 

'-- 

B-ll 

.1    Q                        313,080 

15.437 

B-12 

11    H                        110.830 

•• 

B-13 

42.3ft 

2.048.455 

48.372 

Total*.  Zone  B 

233.80 

3.020.383 

15.511 

Totali,  Zone* 

428.22 

21.208,880 

i.  •„•« 

A  and  B 

105.     SMOKE* 


SYNOPSIS:  Smoke  possesses  a  threefold  character,  to  each  aspect  of  which  the  Committee 
has  applied  suitable  standards  of  measures.  In  its  study  of  the  visible  properties  of  smoke,  it 
has  used  the  well  known  Ringelmann  method;  in  its  study  of  the  solid  constituents  and  of  the 
gaseous  products  of  smoke,  it  has  had  resort  to  means  some  of  which  have  been  initially  devised 
by  the  Committee.  The  results  presented  show  the  extent  to  which  the  products  of  combustion 
arising  from  the  consumption  of  fuel  in  Chicago  contribute  to  the  pollution  of  the  city's 
atmosphere.  The  contributions  of  the  different  fuel  consuming  services  are  set  forth  in  detail. 


PROPERTIES  OF  SMOKE 

105.01  Definition  of  Smoke:  Public  interest 
in  smoke  usually  centers  in  its  visibility.  It 
has  already  been  shown  (chapter  101)  that,  in 
the  enforcement  of  the  smoke  abatement  or- 
dinances of  domestic  and  foreign  cities,  all  in- 
spections or  investigations  are  based  upon  the 
appearance  of  the  smoke.  Legal  prohibition  in 
the  case  of  certain  cities  applies  to  "dense  smoke" 
or  to  "dense  gray  smoke,"  and  in  the  case  of 
other  cities  to  "black,  thicker  continuous  smoke." 
The  limitations  imposed  by  the  acceptance  of 
such  a  definition  will  at  once  be  recognized, 
since  the  discharge  from  chimneys  and  smoke- 
stacks normally  includes  solid  particles  which 
may  be  so  finely  divided  as  to  be  invisible  in 
the  air,  and  it  includes  also  invisible  gases  which 
must  be  received  and  dissipated  by  the  atmos- 
phere. A  stack,  therefore,  does  not  cease  to 
be  a  source  of  pollution  when  its  discharge  ceases 
to  be  dense  or  black.  It  is  believed  that,  under 
certain  conditions,  the  finely  divided  or  in- 
visible particles  in  the  smoke  constitute  a  more 
serious  source  of  pollution  than  those  properties 
which  merely  impart  color  or  visibility  to  it. 

The  significance  of  these  facts  is  emphasized 
by  the  results  of  the  investigations  herein  de- 
scribed, and,  in  recognition  of  them,  the  term 
"smoke"  as  hereinafter  used  refers  to  the  gaseous 
and  solid  products  of  combustion,  visible  and  in- 
visible, including,  in  the  case  of  certain  industrial 
fires,  mineral  and  other  substances  carried  into  the 
atmosphere  with  the  products  of  combustion. 

According  to  this  definition,  smoke  may  be 
regarded  as  possessing  a  threefold  character,  to 
each  aspect  of  which  suitable  standards  of 

*  The  original  records  from  which  this  report  is  prepared  are  preserved  in 
the  Archives  of  the  Committee.  Vols.  L  I  and  L  2. 


measure  may  be  applied.     These  are  as  follows: 

1.  Visible  properties. 

2.  Solid  constituents. 

3.  Gaseous  constituents. 

In  the  sections  which  follow  are  set  forth  the 
results  of  a  series  of  investigations  showing  the 
extent  to  which  each  of  these  properties  of 
smoke  affects  the  atmosphere  of  Chicago. 

VISIBLE  PROPERTIES  OF  SMOKE 
105.02  Determination  of  Smoke  Density: 
In  the  Committee's  investigations  in  determin- 
ing the  relative  density  or  visibility  of  smoke, 
the  "Ringelmann  Method"  has  been  employed. 
This  is  the  standard  method  commonly  used  by 
the  departments  of  smoke  inspection  of  domestic 
and  foreign  cities.  The  Ringelmann  scale  con- 
sists of  six  charts  of  equal  size  which  may  be 
drawn  in  black  ink  upon  white  paper  or  card- 
board. The  first  chart  is  outlined  only,  its  surface 
being  entirely  white.  The  sixth  chart  is  filled  in 
solid,  its  surface  being  entirely  black.  The  inter- 
mediate charts  are  subdivided  into  small  squares 
by  crossed  lines,  the  width  of  the  line  and  the 
spacing  being  such  as  to  darken  a  definite  por- 
tion of  the  total  area.  The  first  chart  (white) 
is  designated  as  No.  o,  or  zero  smoke.  The 
second  chart  is  subdivided  by  lines  covering  20 
per  cent  of  its  surface,  and  represents  No.  i,  or 
20  per  cent  smoke.  The  third  chart  has  heavier 
lines  covering  40  per  cent  of  its  total  surface,  and 
represents  No.  2,  or  40  per  cent  smoke.  The 
remaining  charts  represent  respectively  No.  3, 
or  60  per  cent  smoke,  No.  4,  or  80  per  cent  smoke, 
and  No.  5  (black),  or  100  per  cent  smoke.  In 
working  out  the  precise  proportions,  each  of  the 
intermediate  charts  is  composed  of  squares  ten 
millimeters  from  center  to  center  of  the  lines 
bounding  them,  the  thickness  of  the  lines  and 
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the  white  areas  inclosed  by  them  being  as  follows: 


AREA 

No.  o 
No.  i 
No.  2 
No.  3 
No.  4 
No.  5 


LENGTH  OF  SIDE 

OF  WHITE  SQUARE 

MILLIMETERS 

Entire  surface  white 
.  .  8.94  .  . 
.  .  7-74  •  • 
.  .  6.33  .  . 

4-47 
Entire  surface  black  . 


WIDTH  OF 
BLACK  LINE 
MILLIMETERS 

1.06 
.         3.26 


5-53 


PER  CENT  OF 
AREA  COVERED 
BY  BLACK  LINES 

...  O 

.  .  .  2O 
...  40 
...  60 
....  80 
100 


The  Ringelmann  scale  is  shown  in  fig.  15. 


In  summarizing  any  number  of  observations, 
the  total  of  all  stack  minutes  may  be  used  in  the 
denominator  and  that  of  all  smoke  units  in  the 
numerator  in  this  equation. 

Special  instruments  designed  for  use  in  making 
observations  of  smoke  are  available.  Such  in- 
struments usually  consist  of  a  telescope  in  which 
are  placed  a  series  of  flat  lenses  of  varying  shades 
intended  to  correspond  to  the  different  shades 


1234 
FIG.  15.    RINGELMANN  SCALE  OF  SMOKE  DENSITIES    (REDUCED) 


The  smoke  under  observation  is  compared 
directly  with  this  scale,  which  is  placed  at  a 
sufficient  distance  from  the  observer  to  cause 
the  definition  of  the  lines  to  be  lost,  the  several 
intermediate  areas  presenting  only  varying  shades 
of  gray.  The  charts  are  placed  preferably  at  a 
point  between  the  observer  and  the  stack  under 
observation.  An  effort  is  made  to  obtain  an 
unobstructed  and  clear  background,  and  inspec- 
tions requiring  the  observer  to  face  or  to  look 
toward  the  sun  are  avoided  wherever  possible. 
If  the  smoke  is  invisible  its  density  is  given  as 
zero.  If,  when  compared  with  the  scale,  it 
matches  area  No.  i,  its  density  is  given  as  20 
per  cent,  if  area  No.  2,  40  per  cent  and  so  on.  If 
the  smoke  discharged  is  black  and  matches  area 
No.  5,  its  density  is  given  as  100  per  cent. 

In  computing  the  smoke  density  for  a  number 
of  stacks  or  for  those  of  an  entire  service  or  dis- 
trict, the  observed  results  are  reduced  to  unit 
values,  the  value  of  one  stack  for  a  period  of  one 
minute  being  termed  a  "stack  minute"  and  the 
emission  of  No.  i  smoke  for  one  minute,  or  its 
equivalent,  being  termed  a  "smoke  unit."  By 
employing  these  unit  values,  the  per  cent  of 
density  as  measured  by  the  Ringelmann  scale 
may  be  computed  by  means  of  the  following 
formula : 


Per  cent  of  density   = 


smoke  units  x  20 

-t;i.  k    minutes 


of  the  Ringelmann  scale.  A  lens  of  any  desired 
shade  may  be  adjusted  so  as  to  cover  a  portion 
of  the  field  of  vision.  By  observing  the  smoke 
through  such  a  device  and  adjusting  the  instru- 
ment to  bring  into  action  the  lens  which  matches 
the  shade  of  the  smoke,  the  density  may  be  read 
from  a  scale  on  the  instrument. 

The  fact  should  be  emphasized  that  the  Ringel- 
mann scale  and  other  devices  designed  for  smoke 
observations  are  useful  only  to  the  extent  of 
giving  a  numerical  value  to  the  shade  or  appear- 
ance of  the  smoke.  The  Ringelmann  method 
does  not  take  account  of  the  volume  of  smoke 
discharged,  nor  of  the  amount  or  character  of 
its  solid  and  gaseous  constituents.  Smoke  from 
a  small  stack  may  be  as  dense  as  that  from  a 
large  stack,  but  the  quantity  of  smoke  delivered 
will,  of  course,  be  greater  in  the  case  of  the  large 
stack.  The  present  discussion  concerns  smoke 
only  from  the  standpoint  of  its  visibility.  Other 
properties  of  smoke  are  dealt  with  by  other 
means  which  are  hereinafter  set  forth. 

In  the  development  of  the  Committee's  investi- 
gation with  reference  to  the  visible  properties  of 
smoke,  a  corps  of  from  16  to  20  trained  smoke 
inspectors,  under  the  supervision  of  a  chief  in- 
spector, were  engaged  in  making  observations  of 
smoke  densities  from  April  22,  1912,  to  March 
14,1913.  Their  observations  covered  all  classes  of 
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service  and  all  portions  of  the  Area  of  Investiga- 
tion. The  record  includes  the  results  of  observa- 
tions of  smoke  arising  from  16,650  stacks  and 
chimneys. 

105.03  Density  of  Smoke  from  Steam  Lo- 
comotives: Observations  of  smoke  from  loco- 
motive smokestacks  were  made  at  each  rail- 
road yard,  at  each  locomotive  terminal  and 
at  various  points  along  each  line  of  railroad 
within  the  Area  of  Investigation.  Inspectors 
were  assigned  each  day  to  different  locations, 
at  which  they  observed  and  recorded  the  density 
of  smoke  arising  from  all  locomotives  coming 
under  their  observation.  It  was  found  that,  in 
busy  yards  and  at  other  points  of  heavy  traffic, 
an  experienced  inspector  could  observe  and  record 
the  performances  of  three  or  four  different  loco- 
motives. In  localities  in  which  a  large  number 
of  locomotives  were  operating  at  the  same  time, 
two  or  more  inspectors  were  assigned  to  the  work. 
Observations  were  made  and  recorded  each  minute 
during  a  predetermined  period,  readings  being 
taken  for  clear  stacks  as  well  as  for  those  emitting 
smoke.  Every  railroad  yard  and  every  section 
of  running  track  in  use  within  the  Area  of  Investi- 
gation were  inspected  for  a  period  of  at  least  one 
day.  The  inspectors'  observations  were  entered 
on  a  blank  form,  a  reproduction  of  which  is 
presented  as  fig.  16. 

The  inspectors  in  this  service  recorded  the 
results  of  their  observations  by  using  the  arbi- 
trary numbers  o  to  5  assigned  to  the  different 
charts  of  the  Ringelmann  scale  and  by  entering 
in  their  reports  the  period  of  time  covered  by 
each  observation. 

The  records  show  that  10,653  observations 
were  made  of  smoke  emissions  from  steam  loco- 
motives in  railroad  yards  and  at  points  on  line 
of  road,  and  that  1,323  observations  were  made 
of  smoke  emissions  from  locomotives  at  terminals, 
a  total  of  11,976  observations.  The  period  of 
time  required  for  an  observation  varied  from  one 
minute  to  an  hour  or  more,  depending  upon  the 
time  during  which  the  locomotive  remained 
within  the  view  of  the  observer.  This  large 
number  of  observations,  when  duly  summarized, 
served  to  yield  results  which  undoubtedly 
represent,  with  a  high  degree  of  accuracy,  the 
performance  of  the  entire  locomotive  service. 

A  summary  of  the  results  of  all  observations 


of  locomotive  smoke  is  presented  as  table  LXXVI. 

TABLE  LXXVI.     DENSITY  OP  STEAM   LOCOMOTIVE  SMOKE.  AS 
DETERMINED  BY  THE  RINGELMANN  METHOD 


Service 

Number  of 
Observa- 
tionst 

Stack 

Minutes 

Smoke 
UniU 

Lrmag 
Douitg 
of 

Smr.U: 
PerCent 

No. 

Avg. 
per 

Slack 

No. 

Avg. 

per 
Stack 

1 

2 

3 

•1 

5 

'• 

7 

Zone  A* 
Yard  

1309 
610 
2,504 
144 
1.721 
1,209 

98.748 
4,181 
21,977 
1,317 
9,992 
12,809 

55 
7 
9 
9 
6 
11 

82.627 
5,293 

.'I.:;  It, 
995 
10,037 
10.906 

46 
1 

10 
7 
6 

» 

16.731 
25.32 
22.16 
15.11 
20.0H 
17.03 

Freight  transfer  .... 
Passenger  transfer.  . 
Through  passenger  . 
Suburban  paasenjcfr. 

Totals 

7.997 

149.034 

19 

134,204 

17           is  (11 

Loco,  terminal*  

1,11)11 

114.BM 

M 

58 

11.77 

Total*.  

9.163 

ji..i.i.v; 

29 

n 

ir,  :to 

Zone  B* 
Yard  

412 
494 
M 
8 
606 
Ml 

28,384 
4.097 
tflU 

69 
3.730 
1,980 

69 
8 
10 
9 
6 
8 

33.179 
5,512 
12.074 
87 
4.919 
2.089 

81 
11 
14 
11 

8 

23.38 
26.91 
26.  M 
U  J- 

i>,  .;•• 

1M     Id 

Hitnl  fr.'inl.t 

Freight  transfer  
Passenger  transfer  .  . 
Through  passenger.  . 
Suburban  passenger. 

Tools  

47.353 

18 

.17,SflO 

22 

24  44 

Loco,  terminals  

167 

14,240 

'.H 

13.512 

86          18.97 

Totals.  .  . 

2.813 

22 

71,371' 

U 

->:)  17 

Total*  —  Zone* 
A  and  1 

11.976 

325,282 

17 

273.035 

23 

IR  79 

*Zonc  A  is  the  city  of  Chicago,  Zone  B  an  area  outside  of  the  city 
included  in  the  Committee's  Area  of  Investigation. 

t  Observations  were  made  from  July  I.  1912,  to  November  23,  1912. 

}  The  "average  density  of  smoke  in  per  cent"  a  based  upon  the  observed 
density  or  shade  and  the  period  of  time  involved  by  the  observation*.  It 
does  not  take  into  consideration  the  amount  of  the  solid  or  gaseous  consti- 
tuents of  smoke,  nor  the  volume  of  the  smoke  emissions. 

1  The  numerical  values  which  are  set  forth  in  this  chapter  as  measures  of 
the  amount  of  smoke  discharged  by  different  fuel  consuming  services,  are 
carried  out  to  the  second  decimal  place  as  a  matter  of  convenience  in  arrang- 
ing and  perpetuating  the  facts.  It  is  not  assumed  that  the  degree  of  accuracy 
a  such  as  justifies  the  retention  of  the  fractional  value*. 

105.04  The  Density  of  Smoke  from  Steam 
Vessels:  Smoke  emissions  from  the  stacks  of 
steam  vessels  entering,  leaving  and  operating 
within  the  Area  of  Investigation,  were  observed 
in  the  same  manner  as  those  from  steam  loco- 
motive stacks.  Observations  were  made  of  the 
density  of  smoke  emitted  from  steam  vessel 
smoke-stacks,  while  moving  and  at  dock,  along 
the  48.3  miles  of  navigable  rivers  and  the  36.3 
miles  of  lake  shore.  During  the  period  from  Sep- 
tember 3,  1912,  to  September  17,  1912,  340  steam 
vessel  smoke-stacks  were  observed.  During  the 
year,  5,751  steam  vessels  entered  the  ports  of 
Chicago  and  of  South  Chicago  from  other  lake 
ports,  and  119  remained  in  the  city  and  vicinity. 
These  latter  were  not  included  in  the  number  of 
entries.  Records  were  kept  on  forms  similar  to 
that  illustrated  by  fig.  16,  and  the  results  observed 
were  summarized  by  applying  the  formula  for 
density  hereinbefore  presented.  The  record  of 
the  results  obtained  from  a  total  of  340  observa- 
tions of  smoke-stacks  of  steam  vessels,  as  deter- 
mined by  the  Ringelmann  method,  is  presented 
as  table  LXXVII. 
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FIG.  16.    TYPICAL  SMOKE  INSPECTOR'S  REPORT 

Showing  smoke  density  for  each  observation,  time  of  observation  and  the  road  and  number  of  the  locomotive  observed. 
The  Committee's  office  records  indicated  the  class  of  service  in  which  each  locomotive  was  engaged. 
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TABLE  LXXVII.     DENSITY   OF   SMOKE   FROM    STEAM  VESSELS. 
AS  DETERMINED  BY  THE  RINGELMANN  METHOD 


Service 

Steamers 
Observed 

Stacks 
Observed  1 

Stack 
Minutes 

Smoke 

Units 

Average 
Density 
of 
Smoke  t 
Per  Cent 

No. 

No. 

Avg. 
per 

Stmr 

No. 

Avg. 
per 
Stack 

No. 

Avg. 
per 
Stack 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Zone  A* 
Tugs,  lighters. 
River     barges, 
dredges,   pile- 
drivers,  etc  .  . 
Lake  steamers 
and  barges.  .  . 

136 

9 
178 

136 

9 
181 

1.0 

1.0 
1.0 

36,484 

1,875 
42,113 

268 

208 
233 

25,620 

2.155 
31,135 

188 

239 
172 

14.041 

22.99 
14.79 

Totals  

323 

326 

1.0 

80,472 

247 

58,910 

1X1 

14.64 

Zone  B  * 
Tugs,  lighters  . 
River     barges, 
dredges,  pile- 
drivers,  etc.  . 
Lake  steamers 
and  barges.  .  • 

3 

9 
2 

3 

9 
2 

14 

1.0 

1.0 
1.0 

1,030 

4,140 
710 

343 

460 
355 

1,263 

5,994 
627 

421 

666 
314 

24.52 

28.96 
17.66 

Totals  

14 

1.0 

.-,,SM1 

420 

7.SM 

563 

26.82 

Totals  —  Zones 
A  and  B  

337 

340 

1.0 

86,352 

254 

ii;.7!»4 

196 

15.47 

•Zone  A  is  the  city  of  Chicago,  Zone  B  an  area  outside  of  the  city 
included  in  the  Committee's  Area  of  Investigation. 

t  Observations  were  made  from  September  3,  1912,  to  September  17,  1912. 

{The  "average  density  of  smoke  in  per  cent"  is  based  upon  the  observed 
density  and  the  period  of  time  involved  by  the  observations.  It  does  not 
take  into  consideration  the  amount  of  the  solid  or  gaseous  constituents  of 
smoke,  nor  the  volume  of  the  smoke  emissions 

1  The  numerical  values  which  are  set  forth  in  this  chapter  as  measures  of 
the  amount  of  smoke  discharged  by  different  fuel  consuming  services,  are 
carried  out  to  the  second  decimal  place  as  a  matter  of  convenience  in  arrang- 
ing and  perpetuating  the  facts.  It  is  not  assumed  that  the  degree  of  accuracy 
is  such  as  justifies  the  retention  of  the  fractional  values. 

105.05  Density  of  Smoke  from  Chimneys 
and  Stacks  of  Stationary  Plants:  Observations 
were  made  throughout  the  Area  of  Investigation 
to  determine  the  density  of  smoke  arising  from 
chimneys  and  stacks  serving  all  classes  of  station- 
ary plants,  including  the  following: 

HIGH  PRESSURE   STEAM    STATIONARY    POWER    AND 
HEATING    PLANTS 

1.  Public  service  corporation  plants  (not  in- 
cluding office  buildings  and  hotels). 

2.  Municipal  plants  (not  including  office  build- 
ings and  schools). 

3.  Steam  railroad  plants  (not  including  office 
buildings). 

4.  Office  buildings,  hotels  and  schools. 

5.  Manufacturing  plants. 

LOW  PRESSURE   STEAM     AND     OTHER     STATIONARY 
HEATING    PLANTS 

1.  Large  buildings  and  apartments  of  more 
than  three  flats  (subject  to  city  inspection). 

2.  Residences,  small  buildings  and  apartments 
of  three  flats  or  less  (not  subject  to  city  in- 
spection). 

GAS   AND    COKE    PLANTS 

1.  Public  service  (not  including  boiler- power 
plants   which    were    classed    as    high    pressure 
steam  stationary  power  and  heating  plants). 

2.  Other  service  (not  including  boiler  power 
plants   which    were    classed    as    high    pressure 
steam  stationary  power  and  heating  plants). 


FURNACES    FOR   METALLURGICAL,    MANUFACTURING 
AND   OTHER   PROCESSES 

1.  Steel  plants,   foundries,   forges  and  allied 
processes. 

2.  Brick,  pottery  and  allied  processes. 

3.  Miscellaneous     manufacturing,     rendering 
and  other  processes. 

The  points  at  which  the  stacks  observed  are  lo- 
cated are  shown  by  the  map  presented  as  fig.  17. 

In  selecting  stacks  to  be  observed,  it  was 
sought  to  have  them  typical  of  all  sizes  and 
heights  employed  in  the  service  they  represented. 

Observations  were  made  by  experienced  smoke 
inspectors,  and  records  in  all  cases  were  entered 
on  forms  similar  to  that  illustrated  by  fig.  16. 
Observations  covering  an  average  period  of  402 
minutes  per  stack  were  made  of  1,241  stacks 
serving  1,060  high  pressure  steam  stationary 
power  and  heating  plants. 

Observations  covering  an  average  period  of 
401  minutes  per  stack  were  made  of  2,801  stacks 
serving  2,801  low  pressure  steam  and  other  station- 
ary heating  plants.  In  determining  the  density 
of  smoke  from  domestic  fires,  the  number  of 
observations  made  was  regulated  by  the  distribu- 
tion of  population,  one  observation,  wherever 
possible,  being  made  for  each  thousand  inhabi- 
tants. In  districts  where  the  population  was 
less  than  1,000  per  square  mile,  at  least  4  chim- 
neys per  square  mile  were  observed,  providing 
there  were  as  many  within  the  vision  of  a  single 
inspector.  Observations  of  stacks  serving  low 
pressure  steam  and  other  stationary  heating 
plants  were  made  throughout  the  entire  Area  of 
Investigation. 

Observations  covering  an  average  period  of 
465  minutes  per  stack  were  made  of  12  stacks 
serving  6  gas  and  coke  plants. 

Observations  covering  an  average  of  377 
minutes  per  stack  were  made  of  280  stacks 
serving  80  plants  for  metallurgical,  manufactur- 
ing and  other  processes. 

The  observations  of  stacks  of  stationary  plants 
embraced  a  total  of  4,334  different  chimneys 
and  stacks  serving  3,947  individual  plants.  A 
record  of  the  density  of  smoke  arising  from 
stationary  smoke-stacks  and  chimneys,  as  deter- 
mined by  the  Ringelmann  method,  is  presented 
as  table  LXXVIII,  in  which  are  set  forth  for  each 
service  the  detailed  record  of  all  factors  entering 
into  the  determination  of  densities. 
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COMMITTEE   Of  INVESTIGATION  ON   SMOKE 

AND  ELECTRiriCATION    OT   RAILWAY    TeBMINALS 
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SCALE 

1*0         I 


FIG.  17.    LOCATION  OF  OBSERVED  CHIMNEYS  AND  STACKS  OF  STATIONARY  PLANTS  IN  THE  AREA 

OF  INVESTIGATION 
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TABLE   LXXVIII.     DENSITY   OF  SMOKE   PROM    STATIONARY 
PLANTS,  AS  DETERMINED  BY  THE  RINGELMANN  METHOD 


Service 

Plants 
Observed 

Stacks 
Observedf 

Stack 
Minutes 

Smoke 
Units 

Average 
Density 
of 
SmokcJ 
Per  Cent 

No. 

No. 

Avg. 
P^nt 

No. 

Avg. 
per 
§U 

No. 

\vg. 

per 
Stk. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

High  Pressure  Steam  Stationary  Power  and  Heating  Plants 

Zone  A  * 
'ublic  service  cor- 
poration    plants 
(excluding  office 
buildings      and 
hotels) 

27 

30 
28 

254 

604 

51 

35 
41 

2  all 

Tim 

1.9 

1.2 
1.5 

1.0 
1.2 

21,976 

13,818 
16,009 

106,465 
280.752 

431 

395 
390 

411 
401 
4O4 

390 

401 
383 

285 
382 
384 
402 

10,265 

5,737 
9,043 

39,833 
163.884 
228,762 

7.428 

3.158 
2.628 

124 
65,630 
78,968 
307,730 

201 

164 
221 

154 
234 
211 

9.341 

8.30 
11.30 

7.48 
11.67 

Municipal      plants 
(excluding  office 
buildings      and 

Steam    railroad 
plants  (excluding 
office    buildings) 
Office  and   storage 
buildings,  hotels, 
schools,  etc  
tlanu  f  ac  turin  g 
plants  

Totals  

943 

1,086 

i   •_• 

1  W.IIL'II 

10.42 

Zone  B 
?ublic  service  cor- 
poration    plants 
(excluding  office 
buildings      and 
hotels)           .... 

14 

9 
8 

1 

85 

20 

9 
8 

1 

117 

1.4 

1.0 
1.0 

1.0 
1.4 

7,800 

3,607 
3,066 

285 
44,708 

371 

351 
329 

124 
561 

509 

19.05 

17.51 
17.15 

8.70 
29.36 

Vlunicipal      plants 
(excluding  office 
buildings      and 

Steam    railroad 
plants  (excluding 
office    buildings) 
Office  and  storage 
buildings,  hotels, 
schools,  etc  
VI  anufac  turi  n  g 
plants  

Totals  

117 

1  .V, 

1.3 

59,465 

26.56 

Total-Zones  A  A  B 

I,  ui  ;u 

1,241 

1.2 

1'is.is: 

248 

i-j  :i- 

Low  Pressure  Steam  and  Other  Stationary  Heating  Plants 

Zone  A 
Large  buildings  and 
apartments      o  1 
more  than  three 
flats  

539 

1,!I7B 

539 
1,979 

1.0 
1.0 

209,662 

MM.,,:,! 

389 
410 

30.792 
61,940 

67 

26 

2.94 
1.28 

Residences,     small 
buildings      a  n  <3 
apartments  of  2 
flats  and  less  .  .  . 

Totals  

2,518 

2,518 

1.0 

I,II.-IP.."..-.L 

405 

360 
866 

82,732 

567 

4.131 

4,698 
87.43C 

39 

1.62 

Zone  B 
Large  buildings  anc 
apartments      o  f 
more  than  three 
flat*  ...     . 

11 
272 

11 
272 

1.0 
1.0 

3,960 
99.684 

52 

IS 

2.86 
0.88 

Residences,     smal 
buildings      anc 
apartments       o: 
three  flats  anc 
less  

Totals  

283 

28.'i 

1.0 

103,644 

36« 

1     » 

0.91 

Totals-Zones  A  &K 

2,801 

2,801  !     1.0 

1,123,996 

401 

4     31 

1.56 

TABLE  I.XXVIII  (Continued).     DENSITY  OP  SMOKE  FROM 

STATIONARY   PLANTS,  AS  DETERMINED  BY  THE 

RINGELMANN  METHOD 


*Zone  A  is  the  city  of  Chicago,  Zone  B  an  area  outside  of  the  city 
included  in  the  Committee's  Area  of  Investigation. 

t  Observations  were  made  from  April  22,  1912,  to  March  14,  1913. 

J  The  "  average  density  of  smoke  in  per  cent  "  is  based  upon  the  observed 
density  or  shade  and  the  period  of  time  involved  by  the  observations.  It 
does  not  take  into  consideration  the  amount  of  the  solid  or  gaseous  con- 
stituents of  smoke,  nor  the  volume  of  the  smoke  emissions. 

1  The  numerical  values  which  are  set  forth  in  this  chapter  as  measures  of 
the  amount  of  smoke  discharged  by  different  fuel  consuming  services,  are 
carried  out  to  the  second  decimal  place  as  a  matter  of  convenience  in  arrang- 
ing and  perpetuating  the  facts.  It  is  not  assumed  that  the  degree  of  accuracy 
is  such  as  justifies  the  retention  of  the  fractional  values. 


105.06  Relative  Importance  of  the  Different 
Services  as  Producers  of  Visible  Smoke:  From 
a  knowledge  of  the  amount  of  fuel  consumed  in 
different  classes  of  service  (chapter  104)  and  of 


Plants 
Observed 

Sta 
Obse 

No. 

•ks 

•vedt 

Minutes 

Smoke 
Units 

Average 

1  VMiilV 

of 

Smoket 
Per  Cent 

Service 

No. 

Avg. 
Plant 

No 

Avg. 
per 

53 

No. 

Avg. 

53. 

8 

1 

1 

:( 

1 

5 

6 

7 

9 

Gas  and  Coke  Hants 

Zone  A* 

Public    service 
(excluding  boiler 
power  plants)  .  .  . 
Other  service  (ex- 
cluding  boiler 
power  plants)  .  . 

3 
1 

6 
2 

2.0 

2.0 

2.700 
1.080 

450 

540 

0 
145 

0 

n 

01 

2.B9 

Totals  

4 

- 

2.0 

3,780 

473 

145 

IS 

0.77 

Zone  B 

Public  service  (ex- 
cluding boiler 
power  plants)  .  . 
}tner  service  (ex- 
cluding boiler 
power  plants)..  . 

2 

0 

4 
u 

2.0 
0 

1.800 
0 

450 
0 

0 
0 

0 
0 

0 
0 

Totals  

2 

i 

I-' 

20 
2.0 

1.800 

450 
4tW 

0 

0 
12 

0 

Totals-Zones  A  *B 

i; 

5.580 

145 

0.52 

Special  Furnaces  for  Metallurgical,  Manufacturing  and  Other  Processes 

Zone  A 

Steel  plants,  found- 
ries,  forges  and 
other  allied  proc- 
esses   (excluding 
boiler   power 
plants). 

38 
2 

g 

149 

7 

is 

3.9 

3.5 
2.0 

56,954 

2.893 
7.045 

376 

413 
Ml 

39.242 

1.717 
2.748 

263 
Ml 

in 

14  03 

11.87 
7.80 

Brick,  pottery  and 
other  allied  proc- 
esses   (excluding 
boiler   power 
plants)  

Miscellaneous 
manufacturing, 
rendering  and 

"tli.TI.r  --•-.  . 

Totals  

48 

174 

3.6   65.892 

379 

43.707 

251 

13.27 

Zone  B 

Steel  plants,  found- 
ries, forges    and 
other  allied  proc- 
sssrs    (excluding 
boiler    power- 
plants)  
Bnck,  pottery  and 
other  allied  proc- 
esses   (excluding 
boiler     power 
plants)  

23 

7 
1 

67 

• 
i 

2.9    24,348 

5.4    14,827 
1.0        460 

363 

390 
450 

2fl,766 

KMK 

189 

399 
594 

IS' 

21.99 

30.42 

8  40 

Miscellaneous 
manufacturing, 
rendering  and 
Other  processes. 

Totals  

81 

106 

8.5 

39.625 

111.511 

4H7 

Jl  .'.!'. 

Totals-Zones  A  AB 

80 

280 

3.6105.617 

377 

:>::..'  17 

333 

17.67 

•Zone  A  is  the  city  of  Chicago,  Zone  B  an  area  outside  of  the  city 
included  in  the  Committee's  Area  of  Investigation. 

t  Observations  were  made  from  April  22,  1912,  to  March  14,  1913. 

t  The  "average  density  of  smoke  in  per  cent"  is  based  upon  the  observed 
density  or  shade  and  the  period  of  time  involved  by  the  observations.  It 
does  not  take  into  consideration  the  amount  of  the  solid  or  gaseous  con- 
stituents of  smoke,  nor  the  volume  of  the  smoke  emissions. 

1  The  numerical  values  which  are  set  forth  in  this  chapter  as  measures  of 
the  amount  of  smoke  discharged  by  different  fuel  consuming  services,  are 
carried  out  to  the  second  decimal  place  as  a  matter  of  convenience  in  arrang- 
ing and  perpetuating  the  facts.  It  is  not  assumed  that  the  degree  of  ac- 
curacy is  such  as  justifies  the  retention  of  the  fractional  values. 

the  average  density  of  smoke  arising  from  each 
of  these  services,  as  set  forth  in  sections  105.01 
to  105.05,  inclusive,  an  estimate  was  made  of 
the  relative  importance  of  the  different  services 
as  producers  of  visible  smoke.  Thus,  the  total 
tons  of  fuel  consumed  in  each  service  multiplied 
by  the  average  smoke  density  for  that  service 
yields  a  product  which  is  proportional  to  the 
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total  amount  of  visible  smoke  produced  by  the 
service,  and  the  ratio  of  the  product  thus  ob- 
tained to  the  sum  of  such  products  for  all  services 
gives  a  measure  of  the  relative  amount  of  visible 
smoke  produced  by  the  service  in  question  as 
compared  with  the  total  visible  smoke  for  all 
services.  The  results  of  this  process  repeated 
for  each  of  the  different  services  are  presented, 
for  Zone  A  as  table  LXXIX,  for  Zone  B  as  table 
LXXX  and  for  Zones  A  and  B  combined  as  table 
LXXXI. 

TABLE  LXXIX.    RELATIVE  AMOUNT  OP  VISIBLE  SMOKE 

PRODUCED  BY  EACH  SERVICE.  AS  DETERMINED 

BY  THE  RINGELMANN   METHOD 

ZONE  A 
(City  of  Chicago) 


TAIILE   LXXX.     RELATIVE   AMOUNT   OP   VISIBLE  SMOKE 

PRODUCED  BY  BACH  8RRVICR.  AS  DETERMINED 

BY  THE  RINGBLMANN  METHOD 

ZONE  B 
(Outlying  Territory  Included  In  th«  An*  of  Investigation) 


Service 

Fuel 
Consumed 
Tons 

\-.      !       ,<: 

Smoke 
Density 
Per  Cent 

I  ;  •    i  '  •  .  • 
.Standing 
Per  Cent 

Steam  Locomotive*: 
Yard     

1,049,516 

16  73 

10  25 

136.115 

25.32 

2.01 

304  ,nj 

22  16 

4  59 

21,370 

15  11 

0  19 

176,761 

20  09 

2  07 

155,327 

17  03 

1  54 

Locomotive  terminals  

205,153 

11.77 

1.41 

Total*  

2.099.044 

jj  11.1 

Steam  Vessel*: 

35,153 

14  04 

0  29 

River  barge*,  dredges,  pile-drivers,  etc.  . 

10,525 

aojoo? 

U  "'.i 
14.79 

0.14 
0.31 

Total*  

si.  .17:, 

•   .   .  t   • 

M    7! 

High  Pressure   Steam   Stationary  Power 
and  Heating  Plant*,  including: 
Public  service  corporation  plant*  .... 

7,316  257 

10  42 

44  49 

Office  buildings,  hotel*  and  school*.  .  . 
Manufacturing  plant*  

Low  Pressure  Steam  and  Other  Station- 
ary Heating  Plants,  including: 
Large  and  small  building*  ) 
Large  and  (mall  apartment*  > 
Residence*  1 

4,154.746 

1.62 

3.93 

Gas  and  Coke  Plant*: 
Public    service    (not  including    boiler 

139.525 

0.00 

0  00 

Other  service  (not  including  boiler  power 
plants)  

95.026 

2.69 

0.15 

Totals  

J.U..-..-.1 

0.15 

Furnace*  for  Metallurgical,  Manufactur- 
ing and  Other  Processes,  including: 
Steel  plants,  foundries,  forges,  and  al- 
lied processes  (not  including  boiler 

Bnck,  pottery  and  allied  processes  (not 
including  boiler  power  plants)  
Miscellaneous  manufacturing,  render- 

3,696,550 

13.27 

28.63 

Grand  Totals  

17,082,028 



The  relative  importance  of  the  several  services 
as  producers  of  visible  smoke  is  shown  graphically 
by  the  diagrams  presented  as  fig.  18. 

CONDITIONS  PROMOTING  VISIBLE  SMOKE 

105.07  Information  Concerning  Furnace  Con- 
ditions: The  Committee's  purpose  in  the  work 
described  in  the  sections  immediately  preceding 
has  been  that  of  determining  the  relative  im- 
portance of  various  sources  of  visible  smoke. 


**>  1  

• 

Pn*l 

• 
I 

Arena* 
Hrnokn 
Density 
PtrCeat 

JM»tr.- 
Ntandmt 
Psr  C«nt 

8le*m  LoconotiTW 

Y»rd 

313.9*7 

8.88 

9.09 

Koftd  freight        

133.07? 

91 

i  i 

134,930 

26  M 

4.11 

::-. 

u  n 

0.01 

.  .    M 

.••     M 

j  • 

1  Ml 

21.10 

0.94 

Locomotive  terminal*  

50.014 

;•    •: 

1  39 

Total*  

Jl    M 

Stmun  VeMeU: 

M2& 

24  52 

0  27 

River  barges,  dredges,  pile-driven,  tie.  . 
Lake  (teamen  and  barge*  

1.214 
064 

38.96 

a  ••• 

i  .1 

0.02 

Total*  



0.33 

High    Pressure  Steam  Stationary  Power 
and  Heating  1'lanU.  including: 
Public  service  corporation  planu  .... 

Steam  railroad  plant*  

1.831.077 

26  56 

60.24 

Office  building!,  hotel*  and  school*  .  . 
Manufacturing  plant*  

Low  Pressure  Steam  and  Other  Station- 
ary Heating  Plant*,  including: 

l.:iri!c    >ii.j  «ni:ill  timlilinira  

Large  and  imall  apartment*  ) 
Residence*  1 

492.184 

0.91 

0.09 

Qa*  and  Coke  Plant*: 
Public  service  (not  including  boiler  pow- 

18.159 

0  00 

0  00 

Other  service  (not  including  boiler  power 
plant*)  

1,187 

0.00 

Total*  

19,310 

0.00 

,i    .. 

Furnace*  for  Metallurgical,  Manufactur- 
ing and  Other  Processes,  including: 
Steel    plant*,  foundries,    forge*,   and 
allied  processes  (not  including  boiler 

Bnck,  pottery  and  allied  processe*  (not 
including  boiler  power  plant*)  
Miscellaneous  manufacturing,  render- 
ing and  other  processes 

558.457 

34.99 

17.33 

Grand  Total*  

3.626,383 

100.00 

This  purpose  having  been  accomplished,  it  will 
be  of  interest  to  consider  the  causes  of  visible 
smoke  as  they  are  to  be  found  in  conditions 
existing  in  the  furnace  and  the  relation  between 
visible  smoke  and  furnace  conditions. 

The  Committee's  records  of  inspection,  which 
include  results  from  observations  of  several 
thousand  stacks  and  chimneys,  are  not  paralleled 
by  observations  covering  the  furnace  conditions 
giving  rise  to  these  discharges.  It  is  therefore 
not  possible  to  draw  from  this  voluminous  record 
any  conclusions  concerning  the  relation  between 
visible  smoke  and  furnace  conditions.  A  knowl- 
edge, however,  of  present  practice  as  set  forth 
in  existing  literature,  and  the  fact  that  the 
Committee's  records  present  more  than  100  tests 
for  which  certain  facts  concerning  furnace  con- 
ditions, as  well  as  those  relating  to  smoke,  were 
observed  and  recorded,  will  justify  the  discussion 
and  the  conclusions  which  are  set  forth  in  the 
sections  which  follow. 
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TABLE  LXXXI.     RELATIVE  AMOUNT  OF  VISIBLE  SMOKE   PRO- 
DUCED BY  EACH  SERVICE,  AS  DETERMINED  BY  THE 
RINGELMANN  METHOD 

ZONES  A  and  B 
(Entire  Area  of  Investigation) 


Service 

Fuel 
Consumed 
Tons 

Average 
Smoke 
Density 
PerCent 

Relative 

St:iiuiink. 

PerCent 

Steam  Locomotives: 
Yard      .                                

1,363,503 

18.22 

9.85* 

2.->S,7s7 

26.11 

2  68 

479,738 

23.44 

4.46 

21,545 

15.61 

0.13 

240,288 

21  80 

2  08 

191,372 

17.57 

1.33 

Locomotive  terminals  

2ii(l,lf.7 

12.  S6 

1  30 

Totals  

J.M.V4IKI 

l!l    VI 

Steam  Vessels: 

43,978 

15.05 

0.26 

River  barges,  dredges,  pile-driver.-*,  etc..  . 
Lake  steamers  and  barges  

11,739 
86,661 

27.25 
14.83 

0.13 

0.22 

Totals  

'.'•_•.  ::..» 

0.61 

High    Pressure     Steam    Stationary  Power 
and  Heating  Plants,  including: 
Public  service  corporation  plants  .... 

9,147,334 

12.35 

44.79 

Office  buildings,  hotels  and  schools  .  .  . 
Manufacturing  plants  

Low  Pressure  Steam  and  Other  Stationary 
Heating  Plants,  including: 

4,646  910 

1  56 

2  87 

Residences  i 

Gas  and  Coke  Plants: 
Public  service  (not  including  boiler  power 

157684 

0  00 

0  00 

service  (not  including  boiler  power 
plants)  

96,183 

2.69 

0.10 

Totals  

UM67 

.1   in 

Furnaces  for  Metallurgical,  Manufacturing 
and  Other  Processes,  including: 
Steel  plants,  foundries,  forges  and  allied 
processes  (not  including  boiler  power 

Brick,  pottery  and  allied  processes  (not 
including  boiler  power  plants)  
Miscellaneous  manufacturing,  render- 
ing and  other  processes  

4,253,007 

17.67 

29.80 

Grand  Totals  

21,208,886 



1  

*  The  numerical  values,  which  are  set  forth  in  this  chapter  as  measures  of 
the  amount  of  smoke  discharged  by  different  fuel  consuming  services,  are 
carried  out  to  the  second  decimal  place  as  a  matter  of  convenience  in  arrang- 
ing and  perpetuating  the  facts.  It  is  not  assumed  that  the  degree  of  accuracy 
is  such  as  justifies  the  retention  of  the  fractional  values. 

105.08   Furnace  Conditions  and  Visible  Smoke : 

Visible  smoke  arising  from  the  burning  of  bitu- 
minous fuels  is  the  result  of  a  failure,  either  in 
the  design  of  the  furnace  or  in  its  operation,  to 
observe  certain  conditions  which  are  the  necessary 
accompaniments  of  so-called  "smokeless"  com- 
bustion. These  conditions  have  already  been  set 
forth  (section  101.28).  They  may  be  summarized 
briefly  as  follows: 

1.  The    coal    must    be    introduced    into    the 
furnace  at  such  a  point  and  distributed  in  such 
a  way  that  the  gases  distilled  from  it  will  be 
required  to  pass  over  or  through  the  incandes- 
cent portions  of  the  fire.     The  observance  of 
this  condition  will,   in  most  cases,  expose  the 
distillates  to  a  temperature  sufficiently  high  to 
insure  their  ignition.     These  distillates,  if  not 
burned,  are  prolific  sources  of  visible  smoke. 

2.  The  stream  of  gases  from  the  fuel  must  be 
heated  quickly  and  kept  at  a  high  temperature 
until  the  process  of  combustion  is  well  advanced. 


The  presence  of  a  fire-brick  arch  under  which 
the  distillates  may  be  burned,  and  the  passing 
of  the  distillates  through  the  bed  of  fire,  are  aids 
in  securing  this  condition. 

3.  The   interposition   of  heat  absorbing  sur- 
faces in  close  proximity  to  the  burning  distillates 
tends  to  cool  the  gases,  to  suppress  combustion 
and  to  produce  visible  smoke. 

4.  The  admission  of  air,  by  which  combustion 
is  stimulated,  should  be  provided  for  at  proper 
points  and  should  be  carefully  regulated. 

5.  The  proportions  of  the  furnace  should  be 
such  as  will  provide    an  ample  flameway  or 
combustion  chamber.     The  observance   of  this 
condition  is  necessary  in  order  that  the  time 
occupied  by  the  gases  in  passing  through  the 
furnace  may  be  sufficient  to   permit  them   to 
burn  completely. 

If  all  of  these  conditions  are  observed,  -the 
smoke  arising  from  fires  of  bituminous  coal  will 
be  nearly  if  not  wholly  invisible,  but  there  are 
many  practical  difficulties  to  be  met  by  one  who 
seeks  to  observe  them;  as  a  consequence,  the 
products  of  combustion  issuing  from  bituminous 
coal  fires  are  commonly  more  or  less  visible, 
depending  upon  the  degree  of  success  in  securing 
the  conditions  which  have  been  specified. 

105.09  The  Flameway  in  its  Relation  to  Vis- 
ible Smoke:  Fuels  burn  with  different  lengths 
of  flame,  depending  upon  their  composition. 
For  example,  coke  and  anthracite  coal,  the 
principal  combustible  element  of  which  is  carbon, 
burn  with  a  very  short  flame.  The  whole  process 
of  combustion  takes  place  at  or  near  the  surface 
of  the  fuel.  Such  fuels  can  be  burned  without 
developing  visible  smoke  even  though  the  flame- 
way  may  be  extremely  short  and  otherwise 
restricted. 

The  bituminous  coals  of  Pennsylvania  and 
Ohio  are  relatively  lower  in  carbon  and  higher 
in  volatile  matter  than  coke  or  anthracite  coal 
and  the  volume  of  gases  distilled  from  bituminous 
coals,  freshly  applied  to  the  fire,  is  much  greater. 
The  process  of  intermixing  and  combining  the 
combustible  gases  thus  distilled  with  the  air 
necessary  to  their  combustion  also  takes  an 
appreciable  period  of  time;  hence  the  flame  is 
comparatively  long  and  the  furnace  must  be 
such  as  to  supply  room  in  which  combustion 
may  proceed.  A  furnace  which  fails  to  supply 
the  necessary  space  permits  the  unconsumed 
gases  to  pass  through  to  the  stack,  and  visible 
smoke  results. 
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ZONE  B 


FIG.  18.    RELATIVE  IMPORTANCE  OF  THE  SEVERAL  CLASSES  OF  SERVICE  AS  PRODUCERS 

OF  VISIBLE  SMOKE 

p.  1301 
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The  bituminous  coals  of  Illinois  are  higher  in 
volatile  matter  than  are  the  bituminous  coals 
of  Pennsylvania  and  Ohio,  hence  they  require  a 
still  longer  flameway.  There  is  frequent  failure, 
in  the  construction  of  furnaces,  to  observe  the 
condition  thus  imposed.  Furnace  construction 
which  has  proved  satisfactory  for  the  use  of 
bituminous  coals  from  Pennsylvania  is  too  often 
thought  to  be  satisfactory  for  Indiana  and  Illi- 
nois coals,  and  the  result  is  often  the  production 
of  unnecessary  visible  smoke.  Wherever  Illinois 
and  Indiana  coals  are  to  be  burned,  a  long  flame- 
way  is  a  first  essential. 

It  will  at  once  be  apparent  that,  while  it  is 
possible  to  provide  a  sufficient  length  of  flame- 
way  for  large  fires,  such  as  those  serving  boilers 
of  considerable  size,  the  problem  is  more  difficult 
when  applied  to  small  fires.  The  ordinary  domes- 
tic stove,  for  example,  so  long  as  present  lines  of 
construction  are  adhered  to,  cannot  well  be  made 
sufficiently  large  to  supply  the  necessary  space. 
Small  heating  furnaces  and  furnaces  of  small 
boilers  also  present  disadvantageous  conditions 
which  are  not  ordinarily  overcome. 

105.10  The  Temperature  of  the  Flameway 
in  its  Relation  to  Visible  Smoke:  The  burning 
of  Illinois  and  Indiana  bituminous  coal  in  fires 
of  low  temperature  results  in  the  production  of 
visible  smoke.  It  is  because  of  these  low  tem- 
peratures that  fires  of  stoves  and  small  furnaces, 
receiving  attention  at  infrequent  intervals,  are 
sometimes  prolific  sources  of  visible  smoke.  A 
large  mass  of  fresh  Illinois  coal  placed  upon 
the  surface  of  a  fire  at  once  lowers  the  furnace 
temperature  to  such  a  degree  that  the  distil- 
lates which  come  from  the  fresh  coal  pass  off 
without  igniting. 

A  solution  of  the  problem  of  maintaining  a 
constant  high  temperature  in  the  fire-box,  which 
is  one  essential  condition  to  smokeless  combus- 
tion, is  promoted  by  the  use  of  brick  arches 
bounding  a  portion  of  the  flameway.  Where 
the  furnace  is  so  constructed  that  initial  com- 
bustion takes  place  under  a  fire-brick  arch,  the 
arch  serves  to  conserve  the  heat  and  to  maintain, 
at  a  point  where  it  is  most  needed,  a  tempera- 
ture sufficiently  high  to  ignite  the  distilled  gases. 
The  brick  arch  under  which  the  fuel  may  be  pro- 
gressively introduced  into  the  furnace  may  be 
applied  to  large  furnaces  with  comparative  ease, 


but  its  application  to  furnaces  for  smaller  fires  is 
much  more  difficult. 

In  the  absence  of  a  brick  arch,  the  heat  of  the 
fire  is  likely  to  be  so  dissipated  that  its  tempera- 
ture will  fall  below  that  necessary  to  yield  best 
results;  this  unfavorable  condition  is  enhanced 
when  the  furnace  is  small  and,  in  the  case  of 
boiler  fires,  when  the  heating  surface  of  the  boiler 
is  made  to  approach  too  near  the  grate.  The 
whole  furnace  design  should  be  such  as  will  serve 
to  maintain  a  high  temperature  throughout  the 
length  of  the  flameway,  after  which  the  gases 
may  be  permitted  to  come  in  contact  with  heat 
absorbing  surfaces. 

Results  taken  from  the  records  of  the  Commit- 
tee, covering  both  stoker  and  hand  fired  furnaces 
of  many  different  kinds,  with  and  without  brick 
arches,  some  of  which  were  designed  to  promote 
the  mixing  of  gases  as  well  as  to  maintain  furnace 
temperatures,  may  be  summarized  as  follows: 


NUMBER  OF 
OBSERVATIONS 

561       .       . 
200 


AVERAGE 
DENSITY  OF 
VISIBLE  SMOKE 
.        .         13.16 
.         16.73 


With  brick  arches     .     .     . 
Without  brick  arches     . 

The  reduction  in  visible  smoke  resulting  from 
the  presence  of  an  arch,  as  disclosed  by  this  com- 
parison covering  many  different  furnaces,  amounts 
to  3-57  Per  cent  °n  tne  Ringelmann  scale.  This 
value  is  not  put  forth  as  a  measure  of  the  benefit 
to  be  expected  from  the  use  of  the  arch  as  it 
might  be  disclosed  by  tests  strictly  comparative, 
but  as  evidence  drawn  from  many  sources,  not 
all  of  which  are  comparable,  disclosing  a  tend- 
ency which  is  pronounced.  The  brick  arches 
mentioned  were  generally  in  the  path  of  the 
gases  as  mixing  devices  rather  than  above  the 
fire  as  ignition  devices. 

The  brick  arch  is  not  the  only  means  employed 
to  insure  high  temperatures  to  which  the  dis- 
tillates of  the  freshly  fired  coal  may  be  exposed. 
The  so-called  underfeed  furnaces  are  so  designed 
as  to  permit  a  strong  concentration  of  draft  under 
conditions  which  localize  combustion  in  such  a 
way  that  high  temperatures  are  assured  at  points 
where  the  distillates  are  liberated.  The  "down- 
draft"  type  of  furnace  is  designed  and  operated 
in  such  a  way  that  distillates  of  the  fuel  are 
drawn  through  the  firebed,  and  extend  themselves 
into  a  flameway  of  fire  both  above  and  below. 
All  arrangements  such  as  these,  which  effectively 
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provide  for  an  initial  flameway  of  high  tempera- 
ture, supply  one  of  the  important  elements  es- 
sential to  the  elimination  of  visible  smoke  from 
furnaces  in  which  bituminous  coal  is  used. 

105.1 1  Draft  in  its  Relation  to  Visible  Smoke : 

Furnace  draft  is  the  governor  controlling  the 
rate  of  combustion.  If  the  draft  is  weak,  the 
rate  of  combustion  will  be  low  and  the  tempera- 
ture of  the  fire  may  be  lower  than  that  which  is 
necessary  for  the  suppression  of  visible  smoke. 
If  the  draft  is  strong,  the  rate  of  combustion  be- 
comes high  and  the  temperature  of  the  fire  is 
raised.  Even  though  other  conditions  are  un- 
favorable, the  high  temperature  of  the  fire  will  do 
much  to  promote  smokeless  combustion. 

The  draft  action  stimulates  the  movement  of 
a  current  of  air  through  the  bed  of  coal  and 
supplies  the  oxygen  which,  in  combining  with 
the  carbon  and  hydrocarbons  of  the  fuel,  causes 
combustion.  It  is  evident  that,  other  things 
being  equal,  a  relatively  strong  draft  will  distri- 
bute itself  through  the  bed  of  fuel  more  uniformly 
than  a  draft  which  is  weak.  A  strong  draft  also 
stimulates  the  activity  of  the  intermixing  currents 
in  the  furnace  and  so  aids  combustion.  Strong 
drafts  normally  imply  high  rates  of  combustion 
and  high  furnace  temperatures,  so  that,  in  gener- 
al, it  may  be  said  that  the  abatement  of  visible 
smoke  is  promoted  by  increasing  the  draft  of  the 
furnace.  Here  again  the  solution  of  the  problem 
is  comparatively  easy  in  its  application  to  large 
fires  and  extremely  difficult  in  its  application  to 
small  fires.  Unless  mechanical  means  are  em- 
ployed to  stimulate  it,  the  draft  is  a  function  of 
the  height  of  the  chimney.  A  great  power  plant 
may  profitably  be  equipped  with  a  lofty  chim- 
ney to  insure  satisfactory  draft  conditions,  but 
a  private  dwelling  house  or  a  small  industrial 
plant  must  accept  chimneys  of  less  height. 

105.12  Rates  of  Combustion  in   their  Rela- 
tion to  Visible  Smoke :     The  rate  of  combustion 
depends  upon  the  draft  and  hence,  as  affecting 
furnace  action,  the  terms  "draft"  and  "rates  of 
combustion"    are    almost    synonymous.     Never- 
theless, it  is  of  interest  to  center  the  attention 
on  the  process  which  goes  on  at  the  grate.     The 
burning  of  less  than  five  pounds  of  coal  per 
square  foot  of  grate  surface  per  hour  is  normally 
to  be  regarded   as   a  low  rate   of  combustion. 


With  natural  draft  and  comparatively  low  chim- 
neys this  rate  may  be  more  than  doubled  and, 
with  very  lofty  chimneys  or  by  mechanical 
means,  it  may  be  many  times  multiplied.  A 
high  rate  of  combustion,  as  already  indicated, 
implies  high  furnace  temperatures,  and  these,  in 
combination  with  a  sufficient  flameway,  tend  to 
reduce  the  visible  smoke. 

105.13  Excess  Air  in  its  Relation  to  Visible 
Smoke:    Perfect  combustion  implies  that  all  of 
the  carbon  in  the  fuel  shall  have  an  opportunity 
to  combine  with  oxygen.     The  oxygen  needed 
for  this  purpose  is  supplied  by  the  air  which  is 
borne  into  the  furnace  by  the  action  of  the  draft. 
If  the  supply  of  air  is  deficient,  the  burning  process 
will  be  incomplete  and  visible  smoke  will  result. 
To  avoid  such  an  occurrence,  it  is  customary  to 
provide  for  a  larger  supply  of  air  than  is  needed 
to  support  combustion  and,  under  some  conditions, 
the  excess  supply  is  very  large.     The  significance 
of  this  statement  is  more  fully  discussed  elsewhere 
(section  101.04).     It  need  only  be  noted  in  this 
connection  that  an  excessive  supply  of  air  tends 
to  lower  the  temperature  of  the  fire,  to  cool  the 
flameway  and,    under  certain  conditions,   to  in- 
crease the  visible  smoke.     Up  to  a  certain  limit, 
however,  which  may  vary  with  the  construction 
of  the  furnace,  increasing  the  air  supply  aids  in 
reducing  the  visible  smoke. 

105.14  Automatic    Stoking    in   its  Rela- 
tion to  Visible  Smoke:    No  one  thing  has  been 
more  potent  in  contributing  to  the  elimination 
of  visible  smoke  than  the  advent  of  mechanical 
stokers  and  other  forms  of  automatic  furnaces. 
These  devices  represent  results  achieved  in  the 
development  of  furnace  design  to  meet  the  require- 
ments of  theoretical  conditions.     Their  introduc- 
tion implies  not  only  automatic  feeding,  but  the 
acceptance  of  other  conditions  essential  in  the 
elimination  of  visible  smoke.     Mechanical  stokers 
provide  for  the  progressive  movement  of  the  fuel 
into  the  furnace;    they  generally  provide  for  an 
ample  flameway  and  a  brick  arch  under  which 
the  initial  combustion  may  proceed.     They  are 
rarely  installed  except  where  satisfactory  draft 
conditions  are  assured;    as  a  consequence,  it  is 
commonly  assumed  that  the  mechanical  stoker 
or  hopper-fed  furnace  is  a  smoke  abating  device, 
and  in  general  this  assumption  is  justified.     This 
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statement  does  not  imply  that  mechanical  stokers, 
or  other  devices  for  automatic  stoking,  will  in 
themselves  suffice  to  make  smoke  invisible.  It 
is  only  when  they  are  properly  operated  that  they 
can  be  depended  upon  to  give  satisfactory  results. 
If  a  stoker  is  worked  beyond  its  capacity,  or  if 
carelessly  or  improperly  manipulated,  the  visible 
smoke  discharged  from  it  will  increase.  The 
Committee's  records  present  many  examples  in 
which  the  smoke  from  stoker-fired  furnaces  is  as 
dense  as  that  from  hand-fired  furnaces.  It  will 
be  understood,  also,  that  the  preceding  statements 
refer  specifically  to  visible  smoke;  it  will  here- 
after be  shown  that  the  solid  constituents  of 
smoke  are  not  greatly  affected  by  the  use  of 
automatic  stoking  devices. 

105.15  Care  in  Firing  in  its  Relation  to  Vis- 
ible   Smoke:     The   investigations   of   the   Com- 
mittee   are    impressive    in    the    testimony    they 
yield  as  to  the  value  of  care  in  firing  as  a  means 
of  reducing  visible  smoke.    This  statement  applies 
whatever  may  be  the  form  of  furnace  used  or 
apparatus  employed.     Careless  hand-firing  results 
in  large  volumes  of  visible  smoke;  careful,  frequent 
and  progressive  hand-firing  results  in  the  elim- 
ination  of   most   of   this   smoke.     The   careless 
manipulation  of  the  automatic  stoker  may  result 
in  the  production  of  visible  smoke;  its  careful 
handling  will  suffice  to  eliminate  most  of  this 
smoke.     The  results  of  the  Committee's  investi- 
gation  touching   this   point   disclose   convincing 
evidence    of    this    fact.     A    comparison    of    the 
smoke  arising  from  any  coal  consuming  service, 
as  maintained  within  the  city  limits  of  Chicago 
where  its  operation  is  subject  to  municipal  in- 
spection, with  that  arising  from  the  same  class 
of  service  outside  the  city  where  no  restrictions 
are   imposed,    will   disclose   a   lower   density  of 
smoke  within  the  city  than  outside.     That  is, 
where  it  is  necessary  to  reduce  the  visible  smoke, 
the  attention  needed  to  secure  such  a  result  is 
given;  where  it  is  not  necessary,  the  effect  of 
neglect  is  to  be  seen  in  the  result. 

105.16  The  Size  of  the  Fire  in  its  Relation  to 
Visible  Smoke :  The  fact  has  already  been  pointed 
out  that  large  fires  can  more  readily  be  maintained 
under  conditions  favorable  to  the  elimination  of 
visible  smoke  than  small  fires.     The  purposes  to 
which  large  fires  are  applied  normally  assure  room 


in  which  to  develop  suitable  furnace  dimensions; 
the  importance  of  thr  fire  justifies  the  adoption 
of  means  which  will  afford  satisfactory  flameway, 
temperature  and  draft  conditions,  and  the  cost 
of  added  equipment  is  relatively  not  significant. 
These  conditions  are  all  reversed  when  applied 
to  small  fires.  It  is  for  this  reason  that  the  real 
problem  in  controlling  the  output  of  visible  smoke 
centers  in  small  fires.  Visible  smoke,  as  an  atten- 
dant of  large  fires,  has  already  received  initial 
attention  in  Chicago,  and  the  way  is  open  and 
well  understood  by  skilled  firemen,  by  which  the 
smoke  from  all  such  fires  may  readily  be  made 
nearly  if  not  quite  invisible. 

105.17  Selection  of  Fuel  in  its  Relation  to 
Visible    Smoke:     Different    fuels    when    burned 
under  identical  conditions  give  results  which  are 
entirely  unlike.     Fuels  high  in  carbon  and  low 
in  volatile  matter,  such  as  coke  or  anthracite  coal, 
may  be  burned  in  very  simple  furnaces  of  limited 
dimensions  without  danger  of  producing  visible 
smoke.     Fuels    which    are    low    in    carbon    and 
relatively  high  in  volatile  matter  cannot  be  suc- 
cessfully burned  in  furnaces  which  may  be  entirely 
satisfactory  for  the  high  carbon  fuels.    The  reason 
has  been  made  apparent  in  the  course  of  the  dis- 
cussions already  presented.    The  conclusion  seems 
to  be  that  each  kind  of  coal  should  have  a  furnace 
designed  to  suit  its   peculiar  requirements. 

In  view  of  these  facts  it  often  happens  that, 
where  fuel  is  being  burned  in  furnaces  not  suited 
to  its  requirements,  and  where  objection  is  raised 
to  the  visible  smoke  which  results,  the  owner  may 
prefer  to  change  the  character  of  fuel  rather  than 
to  change  the  construction  of  his  furnace;  that 
is,  for  the  purpose  of  reducing  visible  smoke, 
it  is  sometimes  easier  to  select  a  fuel  adapted  to 
the  requirements  of  the  furnace  than  to  con- 
struct a  furnace  adapted  to  the  requirements 
of  the  fuel.  The  fact  must,  of  course,  be  recog- 
nized that  there  are  limits  in  the  choice  of  fuel. 
In  the  long  run  each  consumer  must  use  that 
fuel  which  is  naturally  tributary  to  his  plant  and 
ultimately  he  will  make  his  furnace  conform  to 
the  requirements  of  that  fuel. 

105.18  Furnace  Efficiency  in  its  Relation  to 
Visible   Smoke:    It  is  often  assumed  that  the 
elements  promoting  visibility  in  smoke  represent 
heat  values  of  considerable  significance,  and  that 
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the  abatement  of  visible  smoke  must  in  all  cases 
result  in  large  economy  through  the  reduction  of 
waste.  Such  a  conception  is  not  sustained  by 
the  facts.  The  heat  value  of  the  visible  constitu- 
ents of  smoke  is  so  small  that  measures  taken  to 
reduce  visible  smoke  may  often  tend  to  lower  the 
furnace  efficiency  rather  than  to  increase  it.  For 
example,  the  furnace  designer  who  seeks  to  equip 
a  comparatively  small  furnace  with  those  devices 
which  will  permit  it  to  burn  Illinois  coal  without 
visible  smoke,  may  discover  that  in  the  enlarge- 
ment of  his  furnace  he  has  permitted  some  in- 
crease in  radiation  or  some  increased  loss  through 
air  leakages  which,  while  incidental,  may  equal 
or  exceed  the  gains  resulting  from  the  elimina- 
tion of  visible  smoke.  Again,  the  operator  who 
seeks  to  improve  stack  conditions  by  increasing 
his  air  supply  may  find  that  the  cooling  effects 
of  the  added  air  may  more  than  offset  any  eco- 
nomic gain  which  might  otherwise  accrue  from 
the  suppression  of  visible  smoke.  The  fact  to 
be  emphasized  is  that,  other  things  being  equal, 
the  difference  in  the  amount  of  heat  which  may 
be  dissipated  by  visible  smoke,  as  compared  with 
that  which  may  be  dissipated  by  smoke  from  the 
same  stack  which  is  invisible,  is  extremely  small. 
The  elements  promoting  visibility  in  smoke 
cannot  be  completely  defined.  It  is  known,  how- 
ever, that  solid  particles  combined  with  moisture 
are  important  factors.  The  amount  of  heat 
represented  by  the  solids  discharged  in  visible 
smoke,  as  compared  with  that  in  the  solids  dis- 
charged in  smoke  of  low  visibility,  is  set  forth  as 
table  LXXXII. 


TABLE  LXXXII.     HEAT  VALUE  OF  THE  SOLIDS  IN  VISIBLE 
SMOKE 


Test 
Number 

Smoke  Density 
Per  Cent 

Heat  Value  of  the  Solids  in 
Expressed  in  Per  Cent  of  the 
the  Fuel  Fired 

\  i  .ilil.-  Smoki 
Heat  Value  of 

1  —  Fires  with  High  Smoke  Density 

3 

17 
10 
30 
29 

21.97 
20.00 
20  00 
15.80 
14.50 

0.28 
0.36 
0.95 
0.49 
0.49 

Average 

18.45 

0.51 

2—  Fires  with  Low  Smoke  Density 

56 
57 
80 
81 

85 

0 
0 
0 
0 
0 

0.21 
0.08 
0.74 
0.48 
0.11 

Average 

0 

0.32 

The  two  groups  of  tests,  the  results  of  which 
are  presented  in  table  LXXXII,  show  high  and 
low  results  respectively,  on  the  basis  of  visibility. 


It  will  be  seen. that  the  portion  of  the  heat  of 
the  fuel  represented  by  the  solids  of  smoky  stacks 
is  greater  than  that  represented  by  the  solids  of 
stacks  which  are  not  smoky,  by  an  amount  equal 
to  o.  2  per  cent  of  the  heat  value  of  the  fuel.  All  re- 
sults are  from  high  pressure  boiler  furnaces.  The 
average  heat  loss  in  the  visible  properties  of  smoke 
from  19  different  tests  of  boiler  furnaces  was  found 
to  be  o .  4  per  cent  of  the  heat  value  of  the  fuel  fired. 

105.19  Smoke    Abatement    as    an    Indirect 
Means  of  Effecting  Economy:    While  the  con- 
stituents of  smoke  which  impart  visibility  to  it 
represent  a  relatively  small  amount  of  heat  and 
while,  as  a  consequence,  no  great  saving  can  be 
directly    effected    through    the    suppression    of 
visible  smoke,  it  is  nevertheless  true  that  the 
process  of  smoke  suppression  may  open  channels 
through  which  important  benefits  may  accrue. 
For  example,  the  suppression  of  smoke  implies 
the    substitution    of    good    for    poor    fire-room 
practice.     If  the  fire-room  is  large,  smoke  abate- 
ment implies   the  use,  the  proper  maintenance 
and  the  skillful  manipulation  of  automatic  firing 
devices.     If  the  fire-room  is  small,  it  implies  the 
exercise  of  superior  skill  and  intelligence  on  the 
part   of    the  fireman.     In  general,   smoke  sup- 
pression involves  a  reorganization  of  fire-room 
administration  and  methods,  and  a  reorganiza- 
tion stimulated  for  the  purpose  of  reducing  smoke 
opens  the  way  to  other  reforms,  the  total  effect  of 
which  may  constitute  a  material  saving  in  the 
operation  of  the  plant. 

105.20  Visibility  as  a  Standard  of  Measure: 
Attention  has  already  been  called  (section  105.02) 
to  the  insufficiency  of  any  standard  of  measure 
applied  to  smoke  which  is  based  upon  visibility. 
There  are  other  properties  of  smoke  which,  from 
the  standpoint  of  atmospheric  pollution,  may  be 
equally  or  more  important.     These  are  herein- 
after treated  in  detail.     The  discussion  thus  far 
has  concerned  visibility  alone. 

SOLID  CONSTITUENTS  OF  SMOKE 

105.21  Origin  of  Solids  in  Smoke:    The  solid 
constituents  of  smoke  have  their  origin  in  fuel 
and    in    materials    which    are    burned,    heated, 
reduced  or  refined  by  fire.     Fires  under  boilers, 
including  those  of  locomotives,  consume  more  than 
three-quarters  of  all  the  solid  fuel  burned  within 
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the  Area  of  Investigation  (chapter  104),  and  the 
solids  in  smoke  arising  from  such  fires  are  entirely 
of  fuel  origin.  In  the  case  of  metallurgical  and 
other  fires  incident  to  certain  industrial  activities, 
the  solid  constituents  of  smoke  may  include,  with 
those  of  fuel  origin,  solid  particles  from  other 
sources,  such  as  clay  dust  from  brick  and  pottery 
kilns,  clinker  dust  from  cement  plants  and  metallic 
dust  from  converters  and  other  furnaces  used  for 
reducing  or  refining  metals. 

It  is  the  Committee's  purpose  to  present  the 
results  of  an  exhaustive  investigation  conducted 
to  determine  the  physical  and  chemical  charac- 
teristics of  the  solid  constituents  of  smoke,  the 
extent  to  which  they  pollute  the  atmosphere  of 
Chicago  and  the  degree  to  which  the  several  ser- 
vices contribute  to  their  production. 

105.22  Solid  Constituents  of  Steam  Locomo- 
tive Smoke:  Information  concerning  the  solid 
constituents  of  locomotive  smoke  has  been  derived 
from  two  series  of  investigations  in  which  the  solid 
discharges  from  the  smoke-stack  were  measured. 
These  embraced: 

1.  Service  tests  conducted  in  connection  with 
locomotives    operating    in    yard    and    transfer 
services  within  the  Area  of  Investigation. 

2.  Laboratory  tests  conducted  in  connection 
with  a  locomotive  mounted  upon  a  testing  plant, 
and  supplemented  by  tests  on  locomotives  op- 
erating in  through  passenger,   through  freight 
and  suburban  passenger  services  in  the  Area  of 
Investigation,  to  determine  rates  of  combustion. 

In  both  of  these  series  of  tests  all  or  a  known 
portion  of  the  solid  emissions  from  the  smoke- 
stack were  entrained  and  deposited  in  an  arrester 
from  which  they  could  be  collected  for  analysis. 
All  of  these  tests,  both  in  service  and  in  the 
laboratory,  were  based  upon  elaborate  and  care- 
fully considered  plans,  the  purpose  of  which  was 
to  develop  an  accurate  basis  for  a  determination 
of  the  amount  and  character  of  the  solid  constit- 
uents of  locomotive  smoke.  As  a  result  of 
these  tests,  numerous  samples  of  the  solids  con- 
tained in  locomotive  smoke  were  collected  and 
weighed.  The  samples  were  then  analyzed  and 
classified  as  follows: 

SOLID   CONSTITUENTS    OF    SMOKE — PHYSICAL    CLAS- 
SIFICATION   OF    ELEMENTS 

Coarse  cinders.  Solid  particles  which  remain 
upon  a  coarse  sieve  of  20  meshes  to  the  inch 
(400  apertures  per  square  inch). 


l-'iiu-  rintlcrs.  Solid  particles  which  p«M 
through  the  coarse  sieve  and  remain  upon 
a  fine  sieve  of  200  meshes  to  the  inch  (40,000 
apertures  per  square  inch). 

Fuel  dust.  Solid  particles  which  pass  through 
the  fine  sieve. 

SOLID   CONSTITUENTS  OF   SMOKE — CHEMICAL  CLAS- 
SIFICATION  OF    ELEMENTS 

Cinders  and  fuel  dust.  Tarry  matter  (hy- 
drocarbons). Combustible  matter  (carbon). 
Mineral  matter  (ash,  non-combustible).  Sulphur. 

105.23  Tests  on  Steam  Locomotives  in  Yard 
and  Transfer  Services:  In  the  development  of 
these  tests  a  mechanical  trap  or  arrester  was 
devised,  the  details  of  which  were  so  arranged 
that  the  arrester  could  be  attached  to  a  locomotive 
stack  in  such  position  as  to  intercept  and  entrain 
a  definite  portion  of  the  stream  discharged.  The 
construction  of  the  arrester  was  such  that  the 
velocity  of  the  intercepted  portion  of  the  discharge 
was  gradually  reduced  and  the  solid  materials 
were  allowed  to  settle  upon  the  bottom  of  the 
device  from  which  they  could  be  collected.  The 
appearance  of  the  device  and  its  construction 
are  shown  by  fig.  19. 

The  receiving  orifice  of  the  collecting  tube  of 
the  arrester  has  the  shape  of  a  sector  of  a  circle. 
When  the  arrester  is  attached  to  the  stack  of  a 
locomotive  under  test,  the  receiving  orifice  of  the 
collecting  tube  extends  over  the  top  of  the  stack 
in  such  manner  that  the  point  of  the  sector  rests 
over  the  center  of  the  stack.  The  ratio  of  the 
area  of  the  orifice  to  the  area  of  the  stack  deter- 
mines the  proportion  of  the  total  stream,  emitted 
from  the  stack,  which  is  received  by  the  collector. 
In  the  device  used  in  the  tests  under  consideration, 
a  portion  constituting  approximately  10  per  cent 
of  the  total  discharge  is  intercepted,  the  remaining 
90  per  cent  passing  undisturbed  on  its  course  into 
the  atmosphere.  The  intercepted  portion  of  the 
stream  is  projected  into  the  orifice  at  high  velocity 
and  is  conducted  into  the  chamber  of  the  arrester 
in  such  manner  as  to  carry,  by  centrifugal  action, 
the  solid  constituents  to  the  outer  portions  of  the 
interior  space  from  which  they  settle  to  the  bot- 
tom; the  gases  meanwhile,  having  their  velocity 
reduced,  find  an  exit  through  a  screened  aperture 
at  the  center  and  top  of  the  chamber.  The  device 
makes  ample  provision  for  the  retention  in  the 
bottom  of  the  arrester  of  the  materials  entrained, 
from  which  point  they  may  be  removed  from  time 
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FIG.    19.    MECHANICAL   CINDER    ARRESTER   SHOWING   POSITION    WHEN    ATTACHED    TO 

LOCOMOTIVE    SMOKE-STACK 
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to  time.  The  samples  of  the  solid  constituents 
of  smoke  collected  in  this  manner  were  weighed, 
classified  and  analyzed  in  the  laboratory. 

The  tests  were  conducted  by  inspectors  who 
recorded  data  relating  to  these  determinations 
and  other  phases  of  the  investigation.  For  the 
present  purpose,  it  will  be  sufficient  to  state  that 
the  inspectors'  records  of  the  number  of  scoopsful 


Bituminous  coal  was  used  for  some  of  these 
tests  and  Pocahontas  coal  for  others.  The  re- 
lation between  the  solids  discharged  through  the 
stack  and  the  fuel  consumed,  as  determined  by 
these  tests,  is  set  forth  by  table  LXXXIII.* 

105.24  Laboratory  Tests  to  Determine  the 
Amount  of  Solids  in  Locomotive  Smoke:  Since 
a'ny  method  which  could  be  satisfactorily  applied 


TABLE  LXXXIII.     RELATION  BETWEEN  THE  SOLID  CONSTITUENTS  OP  STEAM  LOCOMOTIVE  SMOKE  AND  THE  FUEL  FIRED 
TESTS  ON  LOCOMOTIVES  IN  YARD  AND  TRANSFER  SERVICES  IN  THE  AREA  OP  INVESTIGATION 


s-  -rv  ice 

Teat 
No. 

Kind 

Amount  of  Solid  Conatituenta  in  Smoke 

Average  Rate  of  Combustion 
Ib.  oTCoal  per  Square  Foot 
of  Orate  Surface  per  Hour 

PrrCesrl 
of  Total 
Time  in 

M    •     | 

of 

In  Pound*  per  Ton  of  Fuel  Fifed 

ID  Per  (  Vnt  of  Fuel  Fired 

Fuel 

Coarae 
Cindera 

Fine 
Cindera 

Fuel 
Dust 

Total 

Coarae 
Cindera 

1  fa 
Cinder* 

KU.-I 
Duet 

Total 

Running 

Standing 

1 

2 

8 

4 

6 

6 

7 

8 

0 

10 

11 

13 

18 

14 

Yard 

359 
360 
361 
362 

3IV4 

Foe. 

1.34 
1.04 
1.68 
1.56 
0.88 

11!    IS 
13.40 
11.84 
8.92 
1.94 

:ir,  ..n 
26.12 
22.92 
6.22 

44  64 
61.04 
M  '.i 
33.40 

'i  in 

0.067 

0!078 
0.044 

0.624 

0.670 

,,    V.J 

0.446 

n  11-17 

1    .Ml 

1    -.in 
1     ;,,.. 
1.146 

ii  :ill 

n  232 

I    M) 

1.670 
0.462 

23.2 
37.1 
38.6 

ii  i 

80.8 

.;  ,i 
7.7 
4.9 
4.3 
18.8 

49  71 

M    7- 
'.  :    H 
50.10 
71    -.-. 

Avi: 

" 

1.30 

ll   7- 

-•4    .VI 

;r,  :.., 

II    IM,:, 

0.486 

1    .'.'7 

1    77- 

300 
301 
302 
303 
304 
308 
309 
313 
314 
316 
316 
317 
318 
319 
320 
321 
350 
361 
362 
353 
354 
355 
356 
357 
358 
363 

Bt. 

0.88 
0.66 
0.78 
1.24 
1.02 
0.78 
0.72 
1.18 
2.54 
1.94 
1.66 
0.54 
0.28 
0.78 
0.22 
0.98 
0.40 
0.12 
0.30 
0.14 
0.30 
0.52 
0.46 
0.32 
0.52 
0.62 

1.06 

2.30 
1.46 
3.78 
4.20 
3.48 
4.20 
10.54 
10.76 
8.98 
7.48 
2.06 
3.00 
.88 
.94 
.00 
.46 
.72 
.18 
.02 
.44 
.46 
.20 
0.60 
2.34 

0.84 
1.96 
0.84 
1.88 
2.06 
0.96 
1.52 
9.40 
8.98 
6.50 
6.60 
4.44 
6.98 
10.20 
3.72 
7.40 
1.40 
2.44 
7.60 
3.14 
7.72 
6.24 
6.34 
2.52 
12.80 
12.76 

2.78 
4.92 
3.08 
6.90 
7.28 
5.22 
6.44 
21.12 
22.28 
17.42 
15.74 
7.04 
10.26 
15.86 
6.88 
12.38 
3.26 
3.28 
9.98 
4.30 
9.46 
8.22 
7.00 
3.44 
15.66 
18  -.. 

oooooooooooooooooooooooooo 

0.063 
0.115 
0.073 

II     1VI 

0.210 
0.174 
0.210 
0.527 
n  a  :* 

II      If! 

0.374 
0   KM 

0.150 
0.244 
0.097 

ll.  21X1 
0.073 

0.109 
0.051 
0.072 
0.073 
,,  060 
0  030 
0.117 
0.128 

'i  H4J 
0.098 
n  ulj 
n  mi 
0.103 
0.048 
0  074 
0.470 
.1   in 
n  8M 
n  ,;;., 
0.222 
0.349 
0  510 
.,  IM 

n   ,>7li 
0.070 
0.122 
0.375 
0.157 
n  8M 
0.312 
0.267 
0.126 
0.640 
0.638 

II    l.C. 
n   JI-. 
n.l.-.l 
0.346 
0.364 
0.261 
n    >JJ 
1   .,-.,. 
1.114 
0.871 
ii   7-7 

n  881 

0.513 

n   7". 
0.294 
0.619 
0.163 
n    1..I 
,,  M 
0.215 
0  473 
0.411 
0  350 
•i    17J 
"  7~  ; 
0.794 

28  9 
30.9 
31.3 
45.9 
47.6 
46.6 
63.5 
24.2 
23.0 
22.1 
33.4 
41.5 
34.2 
26.1 
57.0 
30.2 
66.1 
42.5 
43.3 
49.6 
66.6 
43.1 
48.4 
64.5 
37.2 
62.6 

-•_•  n 
8. 
11. 
27. 
24. 
6. 
6. 
10.0 
4.4 
7.0 
8.8 
8.3 
6.0 
7.1 
11.5 
5.1 
7.8 
27.9 
9.7 
6.3 
5.2 
11.4 
15.7 
19.4 
3.3 
0.4 

87.64 
76.12 
68.88 

87  a 

68.06 
40  62 
36.98 

7    _•  . 
41.66 
28.90 
;^  II 
44.88 
38.14 
43.04 
47  72 
43.76 
65.60 

76  03 
71.10 
71.12 

'.-.    || 
63.66 
.  7    M 
51.95 
57  68 

ATf. 

" 

n  7.; 

3.42 

.-.  .'I 

9.42 

0.038 

0.171 

n  J'.J 

n    171 

Freight    ) 
Transfer  J  '  ' 

366 

366 

367 

Poo. 

3.80 
0.76 
0.98 

12.60 
1.92 
9.36   . 

29.60 
4.00 
25.30 

45.90 
6.68 
35.64 

0.190 
0.038 
0.049 

0.626 
0.096 
0.468 

1.480 
0.200 
1.286 

2.296 
0.334 
1.782 

24.1 
44.5 

33  J 

6.0 

10.6 

!J  3 

67.40 
65.68 
61.81 

AYR 

•• 

1.84 

7.92 

Hi  r.i 

29.40 

n  n'  i  _• 

n  396 

n  -.,_• 

1    I7n 

305 
306 
307 
368 
369 
370 
371 

Bit. 

0.24 
0.38 
0.34 
1.34 
0.54 
1.08 
0.42 

1.52 
2.20 
2.62 
1.94 
2.08 
2.92 
1.90 

1.94 
2.72 
3.48 
7.20 
4.06 
6.26 
6.68 

3.70 
5.30 
6.44 
10.48 
6.68 
9.26 
8.90 

0.012 

0.019 
0.017 

n  l»17 
0.027 

,.   ll.VI 
0  021 

0.076 
0.110 
0.131 
0.097 
0.104 
0.146 
0.095 

II  H-..7 
0.136 
0.174 
-i  MO 
0.203 
0  Ml 
0  329 

0.186 

..      •  • 

.1  m 

n    :;i 
0.463 
0.446 

M     M 

34.4 

30.9 
37.6 
27.3 

•.8 

0.1 

8.2 
9.2 
10.0 
7.2 
7.1 

41.04 

-  •   -: 
58.22 
61.36 

H  n 

73.21 

7J    II 

Avg. 

•• 

n  i;j 

2.16 

1    I-. 

7    J! 

.1   031 

,,   Km 

0.382 

of  coal  fired  were  used  for  determining  the  amount 
of  coal  consumed  by  the  locomotive,  both  while 
running  and  while  standing,  during  the  periods  of 
the  tests.  The  average  weight  of  a  scoopful  of 
coal  was  ascertained  by  experiment.  From  these 
data  the  relation  between  the  solid  constituents 
of  locomotive  smoke  and  the  fuel  consumed  was 
established. 

By  the  methods  described,  41  tests  were  con- 
ducted on  steam  locomotives  operating  in  the 
yard  and  transfer  services  of  Chicago  terminals. 


in  service  was  found  impracticable  for  determining 
the  amount  of  solid  matter  contained  in  smoke 
arising  from  locomotives  while  operating  at  high 
speed,  data  relating  to  the  amount  of  solids  emit- 
ted in  smoke  at  various  rates  of  combustion  were 


•  A  tent*  of  te«U  in  which  the  dentity  of 
wa»  obeenred  and  the  competition  of  the  • 


•ion*  fa 


, >k»  discharge*  wa*  determined  by 

analyse*,  wa*  conducted  by  the  Engineer  of  Test*  of  the  Atchtaon.  Topeka 
&  Santa  Fe  Railway  in  the  fall  of  1911.  A  complete  record  of  the  teat*  and 
of  the  result.  11  aet  forth  in  Bulletin  VI.  Vol.  IT  of  the  publication*  of  the 
Committee,  entitled  "Report*  of  Teat*  made  by  the  Atchiaoo.  Topeka  ft 

'    a  of  Smol 


Santa  Pe  Railway  Company  in  Smoke  Abatement  and  in  Analyst*  of  Smoke 
Case*  on  Switch  Engine*— Chicago  Yard*."  The  proctssm  employed  were 
essentially  the  same  as  those  used  in  the  Committee's  service  tests  and  the 




mult*  agree,  on  the  whole,  with  thoae  of  the  Committee'*  determination*.     A 
copy  of  thi*  publication  uprejBVM  III  the  Archive*  of  the  Committee.  Vol.  B  I. 
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secured  by  means  of  a  series  of  tests  conducted 
under  the  direction  of  the  Chief  Engineer  of  the 
Committee  at  the  locomotive  testing  laboratory 
of  the  Pennsylvania  Railroad  at  Altoona,  Pa. 
This  laboratory  is  equipped  to  receive  a  locomo- 
tive in  such  manner  as  to  permit  its  operation  to 
be  observed  and  its  performance  to  be  studied 
while  the  engine  is  run  under  any  desired  condi- 
tions of  speed,  load  or  steam  pressure.  The  plan 
of  mounting  involves  a  set  of  supporting  wheels 
on  which  rest  the  drivers  of  the  locomotive  to  be 
tested.  The  supporting  wheels  are  mounted  upon 
axles  which  revolve  in  fixed  bearings  and  to  which 
are  attached  hydraulic  brakes  for  absorbing  the 
power  developed  by  the  locomotive.  The  draw- 


in  the  tests  on  locomotives  in  yard  and  transfer 
services  (section  105.23),  is  of  large  capacity  and 
receives  the  entire  stream  discharged  from  the 
smoke-stack.  It  serves  gradually  to  reduce  the 
velocity  of  the  stream,  and  thereby  permits  the 
solids  to  settle  to  the  bottom  of  the  arrester, 
where  provision  is  made  for  their  retention  dur- 
ing an  entire  test. 

Views  of  the  locomotive  testing  plant  at  Al- 
toona are  presented  as  figs.  20  and  21. 

The  locomotive  used  in  all  laboratory  tests 
made  under  the  direction  of  the  Committee  was 
a  consolidation  freight  locomotive  of  the  Penn- 
sylvania type  H-8-B,  weighing  238,300  pounds. 
A  diagram  giving  its  general  dimensions  is  pre- 


: 
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FIG.  20.    LONGITUDINAL  SECTION  OF  LOCOMOTIVE  TESTING  PLANT  OF  THE  PENNSYLVANIA  RAILROAD 

AT  ALTOONA,  PA. 


bar  of  the  locomotive  couples  to  a  dynamometer 
which  measures  and  records  the  tractive  force 
exerted  by  the  locomotive.  Ample  accessory 
apparatus  in  the  form  of  weighing  and  measuring 
devices  of  many  sorts  is  provided.  The  fixed 
position  of  this  equipment  in  the  laboratory 
during  the  operation  of  the  locomotive  permits 
the  performance  of  locomotives  to  be  determined 
with  a  high  degree  of  accuracy.  The  accessory 
equipment  also  includes  a  cinder  arrester  which 
serves  to  entrain  the  solid  materials  in  the  smoke 
emitted  from  the  stack  of  the  locomotive  under 
test.  The  cinder  arrester,  unlike  that  employed 


sented  as  fig.  22,  and  an  illustration  of  the  loco- 
motive as  it  appeared  when  mounted  on  the 
testing  laboratory  is  presented  as  fig.  23. 

Coal  for  the  tests  was  selected  by  the  Com- 
mittee's staff,  in  carload  lots,  from  stocks  in 
Chicago  railroad  yards  and  shipped  from  Chicago 
to  Altoona.  In  the  selection  of  fuel,  it  was  the 
purpose  to  include  coal  which  could  be  accepted 
as  typical  of  the  fuel  used  by  the  railroads  enter- 
ing Chicago.  Six  carloads  of  the  coal  came  from 
six  counties  in  Illinois  which,  in  1911,  supplied  a 
total  of  57  per  cent  of  all  the  fuel  consumed  by 
the  railroads  in  the  Chicago  terminals,  and  four 
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carloads  came  from  four  counties  in  Indiana 
which,  in  1911,  supplied  a  total  of  31  per  cent  of 
such  fuel. 

A  series  of  4,  5  or  6  tests  was  conducted  with 
each  of  the  different  coals  selected,  in  preparation 


was  operated  or  in  the  rate  of  firing.  In  the 
progress  of  a  few  tests  the  coal  used,  when  burned 
at  the  predetermined  maximum  rate  of  combus- 
tion, would  not  maintain  the  required  steam  pres- 
sure for  a  period  of  two  hours,  and  for  these  tests 


FIG.  21.    CROSS-SECTION  OF  LOCOMOTIVE  TESTING  PLANT  OF  THE  PENNSYLVANIA  RAILROAD  AT 

ALTOONA,  PA. 


for  which  the  locomotive  fire-box  was  equipped 
with  a  brick  arch.  An  additional  series  of  tests 
involving  the  use  of  four  samples  of  coal  was 
conducted  without  the  brick  arch  in  the  fire-box. 
Individual  tests  generally  covered  a  period  of 
two  hours,  during  which  no  change  was  made 
in  the  conditions  under  which  the  locomotive 


the  results  of  a  shorter  period  were  accepted.  All 
tests  were  conducted  with  throttle  fully  open,  the 
speed  being  controlled  by  the  load.  The  facts 
recorded  for  each  test  included  the  amount  of 
fuel  consumed,  the  cinders  and  fuel  dust  emitted, 
the  ash  and  clinker  discharged,  the  water  eva- 
porated, the  tractive  effort  exerted,  the  power 


146          SMOKE  ABATEMENT  AND  ELECTRIFICATION   IN  CHICAGO 


. — I. 


FIG.  22.    GENERAL  DIMENSIONS  OF  LOCOMOTIVE  USED  IN  LABORATORY  TESTS  AT  ALTOONA,  PA. 


FIG.  23.    VIEW  OF  LOCOMOTIVE  MOUNTED  ON  THE  TESTING  PLANT  AT  ALTOONA,  PA. 
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developed,  the  draft  at  different  rates  of  com- 
bustion, and  such  other  facts  as  were  needed  to 
define  completely  the  performance  of  the  loco- 
motive.* The  materials  collected  in  the  arrester 
\\vn-  weighed  and  analyzed  to  disclose  both  their 
physical  and  chemical  properties.  Samples  of 
the  gases  emitted  from  the  smoke-stack  were  also 
procured  and  analyzed  in  a  manner  which  will  be 
hereinafter  set  forth. 

A  total  of  76  tests  was  made.  They  occupied 
the  time  of  an  expert  staff  of  engineers  and  lab- 
oratory assistants,  consisting  of  30  men,  for  a 
period  of  approximately  two  months. 

The  facts  set  forth  by  the  Altoona  tests,  with 
reference  to  the  quantity  and  the  physical  char- 
acteristics of  the  solids  contained  in  the  smoke 
emissions  in  their  relation  to  the  fuel  fired,  are 
presented  as  table  LXXXIV. 

From  the  values  set  forth  in  table  LXXXIV,  a 
curve  was  plotted  for  each  sample  of  coal,  to 
indicate  the  relation  between  the  quantity  of 
solids  emitted  from  the  locomotive  stack  and  the 
quantity  of  fuel  consumed  at  the  several  rates  of 
combustion  employed  with  the  fuel  in  question. 
The  maximum  rate  of  combustion  for  each  sample 
of  fuel  tested  was  more  than  80  pounds  per  square 
foot  of  grate  surface  per  hour,  and,  in  all  except  two 
cases,  was  more  than  100  pounds  per  square  foot 
of  grate  surface  per  hour.  The  minimum  rate  of 
combustion  for  the  several  coals  varied  from  23  to 
27  pounds  per  square  foot  of  grate  surface  per 
hour.  It  was  assumed  in  plotting  the  curves  that 
the  solids  emitted  diminished  uniformly  below 
these  minimum  rates  of  combustion  employed 
in  the  tests,  so  that  when  the  rate  of  combustion 
reached  zero  there  would  be  no  discharge  of  solids 
from  the  stack.  From  the  series  of  curves  thus 
plotted,  presenting  the  emission  rates  of  solids  for 
the  several  samples  of  fuel,  values  were  taken  for 
rates  of  combustion  ranging  from  10  to  100  pounds 
of  coal  per  square  foot  of  grate  surface  per  hour, 
the  increase  proceeding  by  increments  of  10. 
The  emission  rates  thus  obtained  for  all  fuels 
tested  were  averaged  for  each  rate  of  combustion, 
and  the  average  values  were  used  in  plotting  a 
working  diagram  showing  the  percentage  of  the 

•Other  facts  derived  from  these  tests  have  be«n  made  the  basis  of  other 
itudie»  by  the  Committee,  the  results  of  which  are  presented  in  the  Appendix, 
sections  701.44  to  701.58.  A  complete  record  of  the  methods  employjd«na 
the  results  obtained  from  the  Altoona  tests  a  preserved  in  the  Archives  o( 
the  Committee.  Vol.  G  34.  being  a  series  of  test  reports  submitted  under  the 
authority  of  C.  D.  Young.  Engineer  of  Test*.  Pennsylvania  Railroad. 


fuel  burned  which  appears  as  solids  in  the  smoke, 
as  Averaged  from  all  tests  made.     This 
is  presented  as  fig.  34. 
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FUEL  FIRED  PER   SQUARE    FOOT  OF   ORATE   SURFACE 
PER  HOUR 

FIG.  24.  DIAGRAM  OF  CINDERS  AND  DUST. 
Amount  of  Solid  Constituents  of  Smoke  Emitted  by  a  Locomo- 
tive on  a  Testing  Plant  when  Burning  Illinois  and  Indiana 
Coals  at  Various  Rates  of  Combustion. 

105.25  Methods  of  Applying  the  Results  of 
Service  and  Laboratory  Tests  to  the  Determina- 
tion of  the  Amount  of  Solids  Emitted  in  Smoke 
from  Steam  Locomotives  Operating  in  Road  Ser- 
vice within  the  Area  of  Investigation :  A  basis  for 
determining  the  quantity  of  solids  emitted  in  the 
smoke  arising  from  locomotives  in  yard  service, 
in  freight  transfer  service  and  in  passenger  trans- 
fer service  within  the  Area  of  Investigation,  is 
supplied  by  tests  made  upon  locomotives  operat- 
ing in  these  services,  a  description  of  which  has 
already  been  presented  (section  105.23).  The 
average  emission  factors  thus  obtained,  setting 
forth  the  relation  between  the  solids  emitted  in 
smoke  and  the  fuel  consumed  (table  LXXXIV), 
when  applied  to  .the  known  quantity  of  fuel  con- 
sumed in  the  service  in  question,  give  the  total 
quantity  of  solids  contained  in  the  smoke  arising 
from  such  service. 

A  basis  for  the  determination  of  the  quantity 
of  solids  emitted  in  the  smoke  arising  from  loco- 
motives operating  in  through  passenger  service, 
in  suburban  passenger  service  and  in  through 
freight  service,  is  supplied  by  the  results  of  the 
locomotive  laboratory  tests  already  described 
(section  105.24),  and  summarized  by  the  diagram. 
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TABLE  LXXXIV.    RELATION  BETWEEN  THE  SOLID  CONSTITUENTS  OF  STEAM  LOCOMOTIVE  SMOKE  AND  AMOUNT  OF  FUEL  FIRED. 

LOCOMOTIVE  LABORATORY  TESTS  MADE  AT  ALTOONA.  PA. 


Test 
Number 

Rev. 
per 
Min. 

Miles 
Hour 

Smoke 
Density 
Per 
Cent 

Fuel 
Fired 
Lb.  per 
Sq.  Ft. 
Grate 
per  Hr. 

Amount  of  Solid  Constituents  in  Smoke 

In  Pounds  per  Ton  of  Fuel  Fired 

In  Per  Cent  of  Fuel  Fired 

Coarse 
Cinders 

Fine 
Cinders 

Fuel 
Dust 

Total 

Coarse 
Cinders 

Fine 
Oadeti 

Fuel 
Dust 

Total 

Coal  from  Maooupin  County,  Illinois 

2715 
2716 
2717 
2718 
*  2719 
2720  t 
2721  t 
2722  t 
2723  t 
2724  t 

40 
80 
80 
100 
80 
40 
80 
80 
100 
120 

7.33 
14.66 
14.66 
18.33 
14.66 
7.33 
14.66 
14.66 
18.33 
22.00 

24 

30 
38 
42 
42 
18 
20 
24 
42 
40 

23.7 
53.7 
80.1 
91.6 
63.6 
25.0 
49.3 
74.0 
110.2  ) 
107  .  1  ) 

5.78 
14.96 

lill    .10 

52.30 
13.30 
9.52 
9.04 
33.92 

55.56 

33.92 
Ml.72 
60.68 

75.40 
34.94 
37.50 
28.94 
43.92 

81.14 

6.40 
5.52 
7.08 
ii  :,_' 
3.18 
3.24 
5.32 
5.72 

16.06 

46.10 
51.20 
103  16 
134.22 
51.42 
50.32 
43.30 
83.56 

152.76 

0.289 
0.748 
1.820 
2.615 
0.665 
0  476 
0.452 
1.696 

2.778 

1.696 
1.536 

.'    'IS  I 

3.770 
1.747 
1.878 
1.447 
2.196 

4.057 

(1.32(1 
0.276 
n  :(.-.» 
0.326 
0.159 
0.162 
0.266 
0.286 

0.803 

2.305 

•_•  :,i)ii 
5.158 
6.711 
2.571 
2.516 
2.165 
4.178 

7.638 

Coal  from  Marion  County,  Illinois 

2796' 
2797' 
2798' 
2799' 
»2700' 

40 
80 
so 
SO 
80 

7.33 
14.66 
14.66 
14.66 
14.66 

24 
li 
26 
14 
30 

31.6 
47.6 
83.0 
51.0 
63.3 

11.14 
26.00 
52.12 
10.68 

L'll    -1 

37.22 
43.18 
52.40 
36.92 
21.64 

11.14 
7.26 
20.26 
3.70 
11.70 

59.50 
76.44 
124.78 
51.30 
58  -s 

0.557 
1.300 
2.606 
0.534 

1    nil! 

1.861 

_•    1.V.I 
2.620 
1.846 

1     IISJ 

0.557 
0.363 
1.013 
0.185 

o  .-,x.-, 

2.975 
3.822 
6.239 

_>     .'.I).-, 

-'    I17!l 

Coal  from  Saline  County.  Illinois 

JT'.ill  1 
2791  ' 
2792 
2793 
2794  ' 
*  2795 

40 
80 
80 
100 
120 
SO 

7.33 
14.66 
14.66 
18.33 
22.00 
1  1  or, 

28 
24 
30 
64 
78 
64 

27.1 
43.4 
64.1 
116.1) 
111.7} 
.,1   :•: 

6.88 
7.02 
19.82 

40.48 

-•1   7J 

29.08 
24.54 
61.44 

80.94 

111    XX 

6.04 
5.24 
9.90 

14.80 

••     is 

42.00 

M     XI. 

91.16 
136.22 

0.344 
0.351 
0.991 

2.024 

1       JSI, 

1.454 
1.227 
3.072 

4.047 

•_•  :m 

0.302 

ii  j«;j 
0.495 

0.740 
0.474 

2.100 
1.840 
4.558 

6.811 

1    11)1 

Coal  from  Sangamon  County,  Illinois 

2732  t 
2733  t 
2734  t 
2735  t 
2736  f 
*  2737  f 

40 
80 
80 
100 
120 
80 

7.33 
14.66 
14.66 
18.33 
22.00 
14.66 

20 
18 
22 
30 
42 
52 

26.3 
47.7 
69.1 

in:,  i,, 
lo'i  ill 
46.7 

8.92 

s    '.<-• 

8.96 
60.56 
10.28 

40.58 
24.22 
44.70 

58.98 
M   7., 

12.36 
5.28 

s    '.M, 

8.28 
8.12 

61.86 
38.42 
62.62 

127.82 
75.16 

0.446 
0.446 
0.448 

3.028 
0.514 

2.029 
1.211 
2.235 

2.949 

J   .s.ts 

0    HIS 
ii    JM 
0.448 

0.414 
0.406 

3.093 
1.921 
3.131 

6.391 
3.758 

Cool  from  Vermillion  County,  Illinois 

27481 
2749' 
2750' 
2751  ' 
2752' 
»  2753 

40 

80 
80 
100 
120 
80 

7.33 
14.66 
14.66 
18.33 

-•-'    00 
1   1     111) 

22 
22 
22 
26 
50 
36 

24.4 
47.0 
63.7 
105.0) 
122.7) 
Dll   7 

7.24 
12.32 
37.18 

56.04 
11.06 

31.28 

.17    7s 
35.14 
107.52 
29.44 

10.30 
7.56 
5.76 

15.32 
4.74 

48.82 
57  86 

78.08 

178.88 

•I.'.    '.'I 

0.362 
0.616 
1.859 
2.802 
0.553 

1.564 

I     ss., 

1.757 
5.376 

1    I7J 

0.515 
0.378 

II     JSS 

0.766 
0  837 

2  441 
2.883 

.;  '.mi 

s    'Ml 

a  .'.,_• 

Coal  from  Williamson  County,  Illinois 

2725 
2726 
2727 
2728 
2729 
*2730 
2731 
2738 
2739 
2740 
2741 
*  2742  ' 

40 
80 
80 
100 
120 
80 
40 
40 
80 
80 
100 
80 

7.33 
14.66 
14.66 
18.33 
22.00 
14.66 
7.33 
7.33 
14.66 
14.66 
18.33 
ii  M 

18 
24 
24 
32 
70 
20 

12 
14 
18 
32 
16 

25.6 
49.2 
76.9 
105.2) 

LM  i'  > 
47.6 

10.76 
12.30 
39.90 

98.92 

5.88 
13.12 
87  88 

16.24 
12.08 
14.44 

1"    IJ 

41.52 

16.66 
78.44 

90.60 

46.24 
14.66 
ji  M 
35.94 
33  88 
28.64 
.-.:;  M 

10.00 
14.60 
20.54 

24.12 

15.60 
4.56 
3.98 
2.56 
3.82 
4.12 

62.28 
43.62 

1..X      SS 

213.64 

67.72 
32.34 
56.12 
54.74 

17  80 

a  f. 

0.538 
0.615 
1.995 

4.946 

0.294 
,i  6M 

i   8M 
0.812 
0  .,01 
0.722 

n  "71 

2.076 

0  s,;,; 
3.922 

4.530 
2  312 
0.733 
1.213 
1.797 
1.119 
1.432 
1  558 

0.500 

0  7,..; 
1.027 

1.206 
0.780 

0    J_'s 
0     I'.l'l 

0.128 
0.191 
0.206 

n    i"" 

:t.ll4 
2.181 
6.944 

10.682 

3.386 
1.617 

J,  SI  111 

2.737 
1.914 
2  360 

1    lj:i 

25.6 
47.3 
68.3 
102.5 

-.:•:  7 

Coal  from  Greene  County,  Indiana 

2743 
2744 
2745 
2746 
*  2747  ' 

40 

80 
80 
100 

so 

7.33 
14.66 
14.66 
18.33 

1  1  i)i) 

22 
8 
16 
26 
26 

24.7 
43.3 
59.2 
92.2 
53.0 

3.86 
40.12 
42.32 
53.72 

2(1.72 

30.58 
108  B8 

76.84 

121.80 

1,11     SI. 

10.08 
12.08 
10.20 
27.46 
14.04 

44.52 
187.78 

Us    s,. 

IM7     I,J 

0.193 

L'    mil, 

2.116 

_•  BM 

i   8M 

1.529 
5.279 
3.817 
,:  ,,.,o 
.:  848 

0.504 

0    1.0  1 

0.510 

ii    7o  J 

2.226 

7    xyi 
6.443 
10.149 

I  :;sl 

Coal  from  Sullivan  County,  Indiana 

-•T.so  - 
2781 
2782 
2783 
2784 
*  2785  1 
2786 
2787 
2788 
2789 

40 
80 
80 
100 
120 
80 
40 
80 
80 
100 

7.33 
14.66 
14.66 
18.33 
22.00 
14.66 
7.33 
14.66 
14.66 
18.33 

28 
20 
24 
38 
70 
52 
44 
46 
52 
62 

27.1 
46.0 
66.2 
99.3) 
•32.  3  I 
67.8 
29.9 
46.8 
77.2 
93.1 

16.06 
9.22 
18.54 

52.10 

11.98 
13.30 
8.80 
24.56 
51.94 

37.36 
37.10 
51.42 

82.10 

36.92 
47.78 
36.90 
65.62 

IS'.I     SO 

8.94 

14.32 
13.80 

5.22 
B  88 

4.92 
7.92 
16.92 

62.36 

n  -i 

84.28 
148.00 

54.12 
67.48 
50.62 
98.10 

-J-.s    1111 

0.803 
0.461 
0.927 

2.605 

0.599 
0.665 
0.440 
1.228 
2.697 

1.868 
i   868 

2.571 

4.105 

1.846 
j  889 

1.845 
8.281 

•i  .cm 

0.447 

0     ."III 

0.716 
0.690 

0.261 
0.319 

0    _•!.. 

o  :;.«, 
0  846 

3.118 
2.612 
4.214 

7.400 

2.706 

.'.  :;7.i 
2.531 
1  '.in:, 
12  933 

Coal  from  Vermillion  County.  Indiana 

2760  t 
2761  + 
2762  f 
2763  + 
2764  t 
*  2765  t 
2766 
2767 
2768 
2769 

40 
80 
80 
100 
120 
80 
40 
80 
80 
100 

7.33 
14.66 
14.66 
18.33 
22.00 
14.66 
7.33 
14.66 
14.66 
18.33 

28 
16 

20 
34 
48 
28 
40 
26 
42 
48 

27.1 

45.8 
68.9 
104.4  i 
115.3) 
56.2 
27.2 
50.5 
75.7 
101.0 

25.22 
10.70 
22.66 

56.64 

27.58 
5.74 
17.24 
40.00 

•f.s    I1L1 

84.34 
46.06 
60.82 

129.70 

69.96 
25.60 
47.16 
92.02 
190.32 

29.20 
4.40 
11.50 

13.82 

9.82 
3.28 
6.34 
9.86 

is  :,s 

138.76 
61.16 
94.98 
200.16 

107.36 
34.62 
70.74 
141.88 

L'.Mi   '.IJ 

1.261 
0.535 
1.133 

2.832 

1.379 
0.287 
0.862 
2.000 
2.401 

4.217 
2.303 
3.041 

6.485 

3.498 
1.280 
-  868 

4.601 

'.i  ,-,li) 

1.460 

0.220 
0.575 

0.691 

0.491 
0.164 
0.317 
0.493 

o  :>_••. 

6.938 

::  ii:,x 
4.749 
10.008 

5.368 
1.731 
3.537 
7  11-14 
12.846 

Coal  from  Vigo  County,  Indiana 

2754 
2755 
2756 
2757 
2758 
•2759 

40 

80 
80 
100 
120 
80 

7.33 
14.66 
14.66 
18.33 
22.00 
14.66 

24 

20 
22 
34 
58 
22 

26.6 
46.8 
70.7 
115.6) 
136.6} 
51.7 

7.22 
19.02 
15.98 

23.32 
27.16 

27.70 
57.64 
61.88 

81.70 
66.74 

11.01) 

7.44 
12.10 

16.46 
19.32 

in   '.IS 
84.10 
89.96 

121.48 
113.18 

0.361 
0.951 
0.799 

1.166 
1.356 

1.385 

_,  SS2 

3.094 
4.085 

:t  :c(7 

0.303 
0.372 
0.605 

0.823 
0.966 

2.049 
4  205 
4.498 
6.072 
5.659 

*  Fired  by  an  inexperienced  fireman. 


t  With  brick  arch  in  fire-bo*. 


SMOKK 


149 


fig.  24.  It  is  shown  by  this  diagram  that  the 
amount  of  solids  emitted  in  smoke  is  a  function 
of  the  rate  of  combustion.  If  the  average  rate 
of  combustion  incident  to  the  operation  of  a 
locomotive  in  any  particular  service  is  known, 
the  amount  of  solids  emitted  by  locomotives 
operating  in  that  service  can  be  taken  from  the 
diagram. 

To  establish  the  rates  of  combustion  attending 
the  normal  operation  of  locomotives  in  through 
and  suburban  services  in  Chicago,  a  series  of  298 
tests  was  made  on  locomotives  operating  with- 
in the  Area  of  Investigation.  Two  men  were 
employed  in  each  test.  The  observers  recorded 
many  facts  incident  to  the  operation  of  each 
locomotive  inspected,  the  more  important  of 
which  were  the  work  performed  and  the  rate 
at  which  fuel  was  consumed.  The  rate  of  fuel 
consumption  was  found  by  counting  the  scoopfuls 
of  coal  fired,  the  value  of  the  average  scoopful 
having  been  carefully  determined.  Records  of 
the  coal  fired  while  running  and  while  standing 
were  kept  separately.  It  was  assumed  that  solids 
were  emitted  only  while  locomotives  were  in 
motion,  the  exhaust  steam  being  regarded  as 
supplying  the  force  which  lifts  the  solid  particles 
from  the  fire-box.  The  grate  area  of  each  loco- 
motive was  obtained  from  the  railroads.  From 
facts  thus  established  the  hourly  rate  of  combus- 
tion per  square  foot  of  grate  surface  and  the  per 
cent  of  fuel  burned  while  running,  for  -each  of  the 
several  services  involved,  were  determined  to  be 
as  follows: 


TABLE  LXXXV.     EMISSION  FACTORS  FOR  SOLID  CONSTITUENTS 
OP  STEAM  LOCOMOTIVE  SMOKE 


SERVICE 

Road  freight     . 
Through  passenger 
Suburban  passenger 


i.n.  PER  SQ.  FT. 

GRATE  SURFACE 

PER  HOUR 

4O.6 

52-2 
.  62.7  . 


PER  CENT  OF 

FUEL    FIRED 

WHILE  RUNNING 

.       .       .         92-7 

.       .       .         98.0 

...         96.4 


By  combining  these  rates  of  combustion  with 
values  for  the  emission  of  solids  as  set  forth  by 
the  diagram,  fig.  24,  and  by  multiplying  the  val- 
ues thus  obtained  by  the  per  cent  of  fuel  fired 
while  running,  the  emission  factors  for  solids 
emitted  by  locomotives  operating  within  the 
Area  of  Investigation  were  established.  The 
emission  factors  for  solid  constituents  of  locomo- 
tive smoke  thus  determined,  and  also  those  for 
yard  and  transfer  services  as  determined  by  the 
use  of  the  cinder  arrester  in  service  tests 
(section  105.23),  are  presented  as  table  LXXXV. 


Kiixl 
el 

>    • 


Yard 

K.Ht.l  freiiht 
Krriihl 
trmiiler  . . 

.....   . 

Thrnu(h 

paawncer 
Suburban 

paa»en««r 


Mil. 
Mil 

M,< 

Hit 
P«     , 

Hit.  i 

Bit. 


1     .VI 

,.  ... 
1  M 
•  •  1 

1  30 
0.75 

15.08 
20.54 


0  72 

.    II 

U  M 

7  92 
2.10 
0.72 
3.43 

30.40 
47.43 


Total 


34 
5.24 

10 

4.4ft 
34 

5.34 

7. 


• 


-      ' 
A430 


5435 


8482 


M 
0  42 

.40 
7  24 
M 
0.42 

32 


I    ••   ::     .• 


WfiSJ1 


0  Oft.', 

> 
.    . 

••••• 

0  031 

•    •     - 
0.754 


1.033 


0  4M 

(I    171 

.. 

,  •  • 
0.4M 
0.171 

1  070 


3.371 


• 
•-. 

-• 


i    •. 


1.7711 


171 

:    • 


•  The  emianon  factor*  determined  (or  locomotive*  in  ymrd  ferric*  were  coo- 
•idered  applicable  to  locomotive!  operating  in  pimingiir  transfer  MTOC*. 

In  the  case  of  locomotives  at  locomotive  ter- 
minals, it  was  not  practicable  to  conduct  an 
exhaustive  series  of  tests  with  the  cinder  arrester 
which  was  used  in  connection  with  the  service 
tests  of  locomotives  in  the  yard  and  transfer  ser- 
vices. Neither  could  the  results  of  the  Altoona 
tests  be  applied  directly  to  a  determination  of  the 
amount  of  solids  emitted  by  locomotives  at  loco- 
motive terminals,  because  no  accurate  determina- 
tion could  be  made  of  the  rates  of  combustion. 
The  difficulties  arose  from  the  fact  that  the  quan- 
tity of  coal  fired  in  preparing  a  locomotive  for 
service  at  the  round  house  is  in  excess  of  that 
actually  consumed  while  at  the  terminal.  An 
examination  of  the  matter  indicated  that,  for 
the  purpose  in  question,  yard  service  might  be 
regarded  as  fairly  representative  of  conditions 
prevailing  in  locomotive  terminals,  and  the 
results  obtained  from  actual  tests  in  yard  ser- 
vice were  therefore  applied  in  determining  the 
amount  of  solids  emitted  by  locomotives  at 
locomotive  terminals. 

A  discussion  of  the  chemical  properties  of  the 
solid  constituents  of  locomotive  smoke  is  reserved 
for  section  105.30. 

Closely  related  to  the  subject  of  solids  in  loco- 
motive smoke,  as  already  presented,  is  that  which 
concerns  the  flight  or  spread  of  such  solids  after 
they  leave  the  locomotive  stack.  It  is  evident 
that  the  effect  of  such  solids  in  polluting  the 
atmosphere  will  depend  to  some  extent  upon 
what  becomes  of  them.  For  the  purpose  of 
establishing  certain  facts  relating  to  the  flight, 
quantity  and  character  of  those  solids  which 
normally  settle  to  the  ground  on  or  near  a  rail- 
road track,  a  series  of  field  and  laboratory  experi- 
ments has  been  made,  the  results  of  which  will 
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be  found  set  forth  in  the  Appendix  to  this  report, 
sections  701.37  to  701.43,  inclusive. 

105.26    The  Solid  Constituents  of  Smoke  from 
Steam  Vessels  and  Stationary  Plants :    The  prob- 
lem of  determining  the  amount   and  character 
of   the    solid    constituents    of    smoke    from    the 
stacks  of  steam  vessels  and  of  stationary  plants 
has  proved  a  difficult  one.     Such  stacks  usually 
operate   under  natural   draft,   and   the  velocity 
of  flow   through   them  as  compared   with   that 
through  the  stack  of  a  locomotive  is  comparative- 
ly low.     The  study  of  solids  contained  in  smoke 
delivered  from  such  stacks  is  a   matter  which 
has  heretofore  received  but  little  attention  and 
no    fixed    method    of    procedure    is    recognized. 
Methods  of  sampling  which  were  found  satis- 
factory in  their  application  to  locomotives,  can- 
not   be    employed    because    the    energy    of    the 
issuing  stream  is  not  sufficient  to  project  the 
intercepted  sample  through  the  collecting  appa- 
ratus.    In  place  of  the  simple  mechanical  arrester 
which  served  for  locomotives,  there  is  required, 
for  use  in  tests  of  stacks  operating  under  natural 
draft,  a  considerable  amount  of  delicate  and  com- 
plicated apparatus  with  the  attention  of  skilled 
operators.    Moreover,  results  which  might  readily 
be  obtained  from  a  locomotive  test  in  an  hour 
or  two  require,  in  tests  of  stacks  under  natural 
draft,  a  longer  period  of  observation.     To  other 
requirements,    therefore,    there   must   be    added 
that  of  a  liberal  allowance  of  time.     The  investi- 
gation  of  which  a  record  is  herein   set  forth, 
involving  a  determination  of  the  amount  and 
character  of  the  solid  constituents  of  smoke  from 
steam  vessels  and  stationary  plants,  constitutes 
a  pioneer  work.     The  methods  employed  have,  to 
a  considerable  extent,  been  original,  and  the  array 
of  facts  bearing  on  the  subject  which  have  been 
derived  from  the  experiments  is  far  more  exten- 
sive than  any  which  has  hitherto  been  available. 
All  determinations  are  based  upon  the  results 
of    a    process    of    sampling.     Samples    collected 
from  representative  stacks  of  each  of  the  different 
classes  of  service  were  analyzed,  and  all  results 
for  each  class  of  service  were  summarized  to  give 
a  factor  which  could  be  applied  to  the  known 
amount  of  coal  consumed.     An  analysis  of  the 
samples  was  also  made  to  determine  the  amount 
and    character   of    the    gaseous    constituents   of 
smoke,  the  results  of  which  are  elsewhere  pre- 
sented (section  105.38). 


The  apparatus  employed  in  collecting  and 
analyzing  the  samples  of  smoke  emissions  from 
steam  vessels  and  stationary  plants  included  a 
smoke  filtering  device,  a  suitable  gas  analysis 
apparatus,  a  mechanic  al  smoke  recorder,  accessory 
equipment  for  recording  temperatures  and  pres- 
sures, a  pump  to  induce  the  flow  of  the  gases 
through  the  apparatus,  and  equipment  incident 
to  its  operation.  An  illustration  of  the  appara- 
tus, showing  the  manner  in  which  it  is  connected 
to  a  stack  under  test,  is  presented  as  fig.  25. 

The  sampling  of  the  smoke  by  means  of  the 
apparatus  shown  was  accomplished  by  cutting 
a  small  opening  through  the  wall  of  the  stack 
through  which  to  insert  the  intake  tubes  of  the 
apparatus.  This  opening  was  always  located 
as  near  the  top  of  the  stack  as  possible,  and  in 
no  case  at  a  distance  of  less  than  i\  times  the 
diameter  of  the  stack  above  the  breeching  or 
above  any  bend  or  local  enlargement  in  the  stack. 
At  such  location  the  velocity  of  the  flow  of  smoke 
through  the  entire  cross-section  of  the  stack  was 
assumed  to  be  sufficiently  uniform  to  justify  the 
assumption  that  a  sample  taken  through  a  tube 
of  small  cross-section  would  be  representative. 

In  considering  the  methods  employed  in  deter- 
mining the  solid  constituents  of  smoke,  attention 
need  be  given  only  to  the  filtering  device  (fig. 
25)  by  means  of  which  the  solid  particles  were 
entrained.  The  filter  employed  was  made  of 
the  regular  extraction  shell  used  in  the  Brady 
fi'lter,  which,  if  kept  dry,  will  withstand  a  pres- 
sure of  about  two  pounds  per  square  inch.  In 
form  the  filter  was  cylindrical,  having  one  end 
closed.  It  was  held  in  proper  position  to  receive 
the  flow  of  the  gas  by  means  of  a  brass  casing 
surrounded  by  an  electric  resistance  coil  which 
was  employed  to  keep  the  filter  at  a  temperature 
sufficiently  high  to  free  its  contents  of  moisture. 
The  filter  was  renewed  as  often  as  necessary  during 
each  test,  and  at  the  conclusion  of  the  test  the  con- 
tents of  all  filters  used  were  analyzed  to  determine 
the  amount  and  character  of  the  solids  entrained. 
The  volume  of  the  intercepted  stream  of  gases 
which  was  drawn  through  the  filter  was  measured 
by  meter  and,  with  the  knowledge  of  the  relation 
between  the  area  of  the  aperture  in  the  intake 
pipe  of  the  apparatus  and  the  area  of  the  entire 
stack,  the  volume  of  the  entire  flow  through  the 
stack  could  be  calculated,  the  velocity  of  flow 
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TABLE  LXXXVI.     AMOUNT  OF  SOLID  CONSTITUENTS  OF  SMOKE  FROM  STEAM  VESSELS,  IN  TERMS  OF  FUEL  CONSUMED 


Test 
No. 

Fuel  Consumed 
in  Pounds 
per  Hour 

Observed 
Smoke 
Density 
Per  Cent 
Ringel- 
mann 
Method 

Solid  Constituents  of  Smoke 

In  Pounds  per  Ton 
of  Fuel  Consumed 

In  Per  Cent 
of  Fuel  Consumed 

Total 

Per 

So,  Ft. 
of  Grate 
Surface 

Coarse 
Cinders 

Fine 
Cinders 

Fuel 
Dust 

Total 

Coarse 
Cinders 

Fine 
Cinders 

Fuel 
Dust 

Total 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Hi 

11 

12 

Bituminous  Coal 

55   I     1,440 

17.14 

1.90 

1.70 

12.14 

10.60 

24.44 

0.085 

7 

0.530 

1.222 

Average  

1.70 

12.14 

10.60 

L'l     II 

0.085 

u  tic  >7 

M  :,:«i 

1.222 

Pocahontns  Coal 

52 
53 

664 
950 

16.35 
26.35 

0 
1.0 

0 
0 

9.32 
7.16 

18.86 
Ifl  M 

28.18 
24.14 

0 
0 

0.466 

u  :<:,>. 

0.943 

u    M'l 

1.409 
1.207 

Average  

0 

8.02 

17   7x 

25.80 

0 

0.401 

0.889 

1.290 

TABLE   LXXXVII.    AMOUNT  OP  SOLID  CONSTITUENTS  OF  SMOKE  FROM  HIGH  PRESSURE  STEAM  STATIONARY   POWER 

AND  HEATING  PLANTS.  IN  TERMS  OF  FUEL  CONSUMED 


Fuel  Consumed 

Solid  Constituents  of  Smoke 

per  Hour 

Smoke 

In  Pounds  per  Ton 

In  Per  Cent 

Test 

i^eiiBiiy 

HUM 

No. 

Total 

Per 

Sq.Ft. 
of  Grate 
Surface 

Ringel- 

manu 
Method 

Coarse 
Cinders 

Fine 
Cinders 

Fuel 
Dust 

Total 

Coarse 
Cinders 

Fine 
Cinders 

Fuel 
Dust 

Total 

1 

2 

3 

4 

6 

6 

7 

8 

0 

10 

11 

12 

Bituminous  Coal 

13 

1,200 

21.40 

0.49 

0.20 

1.40 

11.40 

13.00 

0.010 

0.070 

0.570 

0.660 

14 

800 

22.20 

3.76 

0.40 

16.20 

0.310 

0.810 

1.140 

79 

1.415 

20.20 

0.05 

0 

11.16 

17   7s 

0 

0.568 

II     SS'., 

1.447 

29 

4,226 

23.60 

14.60 

6.06 

10.16 

n,   II 

1)  Oil 

0.303 

ii  .MIX. 

0.822 

30 

4,995 

14.60 

15.80 

0 

0.22 

1.'   7M 

0 

II   Oil 

0.636 

0.646 

'20 

2,500 

35.70 

0.96 

0 

;   ]_• 

3.80 

1  ".' 

0 

0  056 

0.190 

0.246 

21 

3,415 

31.60 

0.45 

0 

0.48 

3.06 

3  64 

0 

0  DM 

0.153 

0.177 

22 

1,335 

26.60 

0.71 

0 

3.00 

18  20 

0 

0.150 

0.760 

0.910 

23 

330 

9.20 

in    7s 

0 

0.82 

12  20 

13  02 

0 

0.041 

0.610 

0.651 

24 

335 

6.60 

8.05 

0 

MM 

11    Lil 

U   'jx 

0 

0  064 

0  560 

0.614 

66 

6,000 

19.20 

0 

0 

2.04 

7.30 

HI   124 

0 

0   147 

0  365 

0.611 

57 

5,000 

l'.l.-J.' 

0 

0 

1.74 

4.22 

5.96 

0 

,i  n.s7 

0.211 

II     ."IS 

80 

4,500 

25.00 

0 

20.58 

81.44 

II  I'l'l 

'      'I'll 

1.029 

1   H7J 

81 

4,500 

25.00 

0 

0.26 

11  M 

16.74 

M  M 

0.013 

: 

u  ,s::7 

1.813 

82 

1,330 

13.30 

1.45 

0 

40.18 

19.46 

61  ,.i 

0 

n  '.17:1 

2.982 

83 

4,000 

11.75 

2.20 

0 

4.70 

9.12 

1  :  sj 

0 

0.235 

0.456 

n  r.'.il 

84 

2,765 

21.40 

0 

0 

0 

4.06 

0 

0 

n  KM 

0.203 

85 

3,980 

29.14 

0 

0 

3.08 

6.44 

9.52 

0 

0.164 

0.322 

0.476 

90 

:i.,ii;:, 

32.73 

3.09 

0 

11.76 

26.20 

37.96 

0 

n    ;,ss 

1.310 

1     Vis 

91 

.-,(»  in 

16.67 

2.02 

0 

3.06 

12.98 

16.04 

0 

ii   168 

n  M'.i 

II     XI  IJ 

92 

4,000 

13.33 

3.46 

0 

2.78 

11.20 

13.98 

0 

0.139 

II    .Mill 

II   l.'l'l 

93 

2,900 

26.85 

0.21 

0 

3.86 

7.56 

11.42 

0 

n   I'.,:, 

0.378 

0.571 

94 

2,428 

25.31 

0.95 

0 

8.80 

12.94 

21.74 

0 

i,  nil 

0.647 

1.087 

95 

2,608 

31.06 

1.35 

0 

2.02 

5.52 

7.54 

0 

0.101 

0.276 

0.377 

96 

1.715 

14.30 

•J   Lil 

0 

7.30 

26.70 

34.00 

0 

0.365 

1.335 

1.700 

1 

'.i.-,.' 

26.50 

13   s:> 

0.60 

6.40 

22.80 

_«,      SI, 

0.030 

n  .i.'n 

1.140 

1.490 

2 

1,445 

14.70 

0.66 

0 

4.40 

6.20 

10.60 

0 

0.220 

0.310 

0.530 

3 

4.000 

32.70 

21.97 

0 

5.80 

10.80 

16.60 

0 

0.290 

0.540 

0.830 

4 

3,945 

38.10 

0.89 

0 

4.80 

12.00 

16.80 

0 

0.240 

0.600 

II    XIII 

5 

1,872 

19.70 

9.62 

0 

0.60 

2.40 

3.00 

0 

0.030 

0.120 

0.150 

6 

2,080 

18.90 

6.88 

0 

0.60 

3.40 

4.00 

0 

0.030 

0.170 

(I    LI  HI 

7 

2,300 

17.20 

12.00 

0.40 

7.60 

13.40 

21.40 

,1  111',, 

M  no 

0.670 

1.070 

8 

2,300 

21.30 

6.26 

0.20 

13.20 

49.20 

0.010 

' 

1.790 

2.460 

9 

3,200 

39.50 

3.15 

0.08 

2.80 

6.00 

8.88 

1  1 

0.140 

0.300 

0.444 

10 

5,245 

39.50 

20.00 

0.20 

6.40 

15.60 

22.20 

0.010 

0.320 

0  780 

1.110 

12 

2,000 

41.70 

3.68 

0.04 

1.80 

5.40 

7.24 

0.002 

0.090 

0.270 

0.362 

15 

12.000 

41.70 

0.58 

0 

2.00 

6.00 

8.00 

0 

0.100 

0.300 

ii    mi, 

17 

28.000 

32.80 

20.00 

0 

2.12 

15.06 

15.06 

0 

0.160 

0.647 

II    7.V! 

18 

23,450 

32.60 

0.94 

0 

1.64 

5.62 

7.26 

0 

0  082 

0.281 

0  363 

33 

470 

23.50 

6.77 

0.32 

0.86 

14.98 

16.16 

0.016 

n  •  '  i 

0.749 

0.808 

65 

1,670 

13.95 

29.50 

0 

6.84 

20.74 

27.58 

0 

',  .:!_' 

1.037 

1.379 

66 

1,675 

13.95 

28.31 

0 

2.74 

25.06 

27.80 

0 

0.137 

1.253 

1.390 

86 

1,065 

16.68 

0.67 

0 

0.98 

4.96 

5.94 

0 

0.049 

0.248 

0.297 

87 

1,290 

20.18 

0.30 

0 

2.30 

8.03 

10.36 

0 

0.115 

0.403 

0.518 

88 

2,000 

17.86 

1.38 

0 

1.66 

11.14 

12.80 

0 

0.083 

0.557 

n  i.ni 

89 

2,000 

17.86 

4.29 

u 

1.74 

9.62 

11.36 

0 

,,  ,,s7 

0.481 

ii  .-r.x 

Average  

0.06 

5  32 

10  84 

16  22 

0  003 

M     ',.,. 

ii   "'  1  ' 

0  811 

Pocahontas  Coal 

115 

329 

11.73 

0.76 

0 

3.22 

8.52 

11.74 

0 

0.161 

0.426 

,,  .-,x7 

116 

315 

11.23 

1.75 

0 

2  18 

1LM2 

14.30 

0 

0.109 

0.606 

0.715 

Average  

0                   2.26 

10.72 

12.98 

0 

n    11.  i 

0.636 

0.649 

SMOKE 
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through  the  apparatus  being  regulated  by  a  differ- 
ential gage  to  correspond  to  that  through  the  stack. 

In  the  case  of  tests  made  with  the  smoke 
sampling  apparatus  on  steam  vessels,  it  was 
necessary,  because  of  the  rolling  motion  of  the 
vessel,  to  use  two  compound  differential  gages 
in  maintaining  the  velocity  of  flow  through  the 
apparatus  to  correspond  to  that  of  the  stream 
of  gases  through  the  stack. 

Record  was  kept  of  the  amount  of  fuel  burned 
during  each  test.  It  was  possible,  therefore, 
to  determine,  from  the  results  of  the  process 
described,  the  value  for  the  solid  constituents  of 
smoke  in  terms  of  fuel  consumed. 

A  total  of  118  field  tests  was  conducted  with 
the  smoke  sampling  apparatus.  The  results  of 
seven  of  these  tests,  which  related  to  oil  burning 
furnaces,  refuse  destructors  and  Bessemer  con- 
verters, were  not  used  in  determining  the  solid 
constituents  of  smoke  from  coal  fires.  The  num- 
ber of  tests  conducted  on  steam  vessels,  and  in 
each  of  the  several  services  involving  stationary 
steam  plants,  excluding  those  the  results  of  which 


were  not  used,  is  given  in  the  following  tabu- 
lation: 


STEAM   VBMBL* 

Tugs  and  lighten 

River  barges,  dredges,  etc 

Lake  steamers  and  barges 

HIGH     PRESSURE     STEAM     STATIONARY     POWER     AND     111   M- 
ING    PLANTS 

Public  service  corporation  plants 

Municipal  plants 

Steam  railroad  plants 

Office  buildings,  hotels,  etc 

Manufacturing  plants     ......'.... 


5 

a 

5 
17 
at 


LOW      PRESSURE 


STEAM    AND    OTHER 
ING  PLANTS 


STATIONARY      HEAT- 


Buildings  and  apartments  of  more  than  three  flats  (sub- 
ject to  city  inspection) ft 

Buildings  and  apartments  of  three  flats  or  less  (not  subject 

to  city  inspection) 20 

FURNACES       FOR      METALLURGICAL,      MANUFACTURING      AND 
OTHER      PROCESSES 

Steel  plants,  foundries,  forges,  etc 1 8 

Brick,  pottery  and  allied  processes 10 

Miscellaneous    manufacturing,   rendering   and  other  pro- 
cesses       l 

Total  for  all  services  .    ill 


TABLE  LXXXVIII.    AMOUNT  OF  SOLID  CONSTITUENTS  OP  SMOKE  PROM  LOW  PRESSURE  STEAM  AND  OTHER  STATIONARY 

HEATING  PLANTS,  IN  TERMS  OP  FUEL  CONSUMED 


Te«t 
No. 

Fuel  Consumed 
in  Pounds 
per  Hour 

Observed 
Smoke 
Density 
Per  Cent 

Ringel- 
nmnn 
Method 

Solid  Constituents  of  Smoke 

In  Pounds  per  Ton 
of  Fuel  Consumed 

In  Per  Cent 
of  Fuel  Consumed 

Total 

Per 
Sq.  Ft. 
of  Grate 
Surface 

Coarse 
Cinders 

Fine 
Cinder* 

Fuel 

]'  iil 

Total 

C  
Cinders 

Fine                  ! 
Cinder* 

Total 

1      |       2 

3 

4 

8 

e 

7 

8 

» 

10 

II 

U 

Anthracite  Coal 

ID.i 
104 

76.0 
126.5 

2.92 
7.92 

0 
0 

0 
0 

0 
0 

2.36 
3.14 

2.36 

;    M 

0 
0 

0 
0 

II    :  IN 

:  IX 
n  157 

(DO 

101 
102 
108 
109 
113 
114 
121 
U7 

19.7 
6.1 
7.7 
11.8 
12.0 
10.0 
6.4 
5.9 
5.0 

3.04 

3.50 
4.37 
6.60 
6.80 
3.13 
2.06 
7.61 
6.67 

0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 
0 

3.00 
3.60 
3.40 
2.88 
1.28 
1.84 
0.64 
1.70 
9.42 

3.00 


3.40 

1.28 
1.84 
0.64 
1.70 
9.42 

0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

I] 

..    l.Vl 

IM 
0.170 
0.144 
0.064 

on 

»    ; 
,    M 

0    17' 

0.150 
0.180 
.7 
0.144 
0.064 
0  002 
0.034 
0.085 
0.471 

Average  

0 

0 

2.70 

2.76 

0 

|>    :  :- 

Poeahonta*  Coal 

98 
99 
105 
106 
110 
112 

71.0 
160.7 
688.3 

624.0 
33.3 
93.4 

7.10 
8.03 
10.79 
11.54 
2.72 
3.11 

1.72 
0.43 
0.63 
0.75 
0 
0 

0 
0 
0 
0 
0 
0 

1.10 
0 
1.60 
2.14 
0 
0 

6.90 
4.92 
6.40 
8.74 

7.50 

8.00 

i  n 

8.00 

;    ,    ,, 

7    "... 

0 
0 
0 
0 
0 
0 

0.055 
0 

g    - 

0.107 
0 
0 

•  I 

M 

0.320 
Q    I  ,7 
2.690 
0  378 

i  • 
Ml 

0  400 
0  544 
2.630 
0  378 

97 
107 
122 
124 

72.4 
12.9 
6.0 
4.8 

10.34 
7.29 
4.38 
8.74 

0 
0 
2.78 
3.01 

0 
0 
0 

' 

1.48 
0 
0 
0 

7.72 

12.00 

u  .- 

9.42 

g  ji, 
12.00 

:-    i 
•    u 

0 
0 
0 
0 

0.074 
0 
0 
0 

0.386 

o.eoo 

•     •!  < 

0  471 

04*) 

.  . 

Avenge  

0 

1.48 

-    u 

0 

0   "71 

0   I!'. 

l  - 

Bituminous  Coal 

117 
118 
119 
120 
123 
125 
120 

16.8 
18.4 
4.6 
7.5 
4.8 
3.7 
8.8 

ji  n 

23.63 
5.98 
9.55 
3.50 
6.72 
11.38 

7   7>                      0 
8.32                      0 
6.05                      0 
3.83                      0 
3.  75                      0 
12.71                      0 
6.71                      0 

1.10 
3.56 
0 
1.54 
1.74 
0 
1.04 

13.22 

10.08 
28.10 
41.14 
i   •  1 
13.76 
27  30 

14.32 

:  .  ..i 
.'i    1" 
IJ  •- 
•      • 
13.76 
28.34 

J.l    IJ 

0 
0 
0 
0 
0 
0 
0 

in 

0 
0.077 

n 

0 
0.082 

0.5O4 
1.405 
1   •     ^ 
2.731 
0.888 
1.365 

-'• 
•J 
1   405 
2.134 
-    Ill 
0  688 
1.417 

Average  I              0 

1.72 

JI    7'l 

0 

:   OW 

1    171 
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TABLE  LXXXIX.    AMOUNT  OF  SOLID  CONSTITUENTS  OF  SMOKE  FROM  FURNACES  FOR  METALLURGICAL.  MANUFACTURING  AND 

OTHER  PROCESSES,  IN  TERMS  OF  FUEL  CONSUMED 


Test 

No. 

Fuel  Consumed 
in  Pounds  per  Hour 

Observed 
Smoke 
Density 
Per  Cent 
Ringelmann 
Method 

Solid  Constituent!  of  Smoke 

Total 

Per 

Sq.  Ft. 
of  Grate 

Surface 

In  Pounds  per  Ton  of  Fuel  Consumed 

In  Per  Cent  of  Fuel  Consumed 

Coarse 
Cinders 

Fine 
Cinders 

Fuel 
Dust 

Total 

Coarse 
Cinders 

Fine 
Cinder. 

Fuel 

Dn-t 

Total 

1 

L' 

3 

4 

6 

6 

7 

8 

9 

10 

11 

U 

Anthracite  Coal 

49 

3621 

0 

0 

6.68 

29.28 

.;:,  ..,; 

0 

0.334 

1.404 

1    7!i.s 

Average  

e.68 

29.28 

35.9fi 

0 

0.334 

1.464 

1.708 

Coke 

43 
44 

47 
59 
60 
61 
62 
69 
70 
71 

1,200 
1,200 
:;.si)ii 
4,370 
3,925 
4.092 
4,125 
1.537 
1,540 
1,532 

95.60 
95.60 
98.90 

12.53 
5.18 
5.71 
48.11 

LV...IX 

17.00 
7.52 
0.31 
0.05 
0.05 

6.70 
4.26 
7.68 
0 
0 
0 
0 
0 
0 
0 

61.14 
42.16 

,,7   SS 
16.88 
10.44 
3.80 
13.30 
0.14 
0.04 
0 

52.80 
31.50 
:..:   til 
204.34 
143.16 
107.48 
166.28 
0.44 

0.28 

,,  .,._, 

110.64 
77.92 
128.96 
221.22 
153.60 
111.28 
179.58 
0.58 
0.32 
0.22 

0.335 
0.213 
0.3M 
0 
0 
0 
0 
0 
0 
0 

3.657 

2.108 
I  :i'.n 
0.844 
0.522 
0.190 

o.oaa 

0.007 
0.002 
0 

2.640 
1.575 
2.670 
10.217 
7.158 
5.374 
B.S14 
0.022 
0.014 
0.011 

5.532 
S.8M 
i;  us 
11.061 
7.680 
5.564 
8.978 
0.029 
0.016 

0   (111 

Average  

1.53 

.•(i    Hi 

106.08 

127.60 

0.076 

1.020 

0 

ii  :;sn 

Bituminou*  Coal 

31 

32 
63 
64 
67 
68 

1,975 
2,000 
1,320 
1.042 
3,104 
3,154 

40.00 
40.00 

16.70 
11.30 
7.87 
3.87 
1.79 
0 

0 
0 
0 
5.36 
0 
0 

0 
0 
0 
4.36 
0 
0 

11   '"• 
23.42 
30.38 
22.32 
19.76 
23.60 

11.00 
23.42 
30.38 
32.04 
19.76 
23.56 

0 
0 
0 

n  L'.;-. 
0 
0 

0 
0 
0 
0.218 
0 

n 

u   .Vis 

1.171 
1.519 
1.116 
i,  m 

1    |s:i 

0.598 
1.171 
1.519 
1.602 

II    '.I.X.S 

1.813 

Average  

0  44 

,.  ,:.. 

20.88 

.'1     IIS 

o  on 

II    Ills 

1   044 

1    DM 

PocabonUa  Coal 

34 
35 
38 
38 
41 
72 
75 
76 
77 

730 
730 
730 
134 
200 
300 
300 
1,050 
1,101 

7.60 
7.60 
7.60 
5.60 
20.00 
6.10 
6.10 

6.40 
13.33 
88  M 

3.79 
10.45 
15.48 
14.67 
3.04 
•4.07 

0 

0 
1.90 
0 
2.70 
0 
0 
0 
0 

0.36 
0.54 
1.58 
8.52 
14.28 
3.40 
30.90 

sa  -- 

135.40 

1.38 
2.14 
14.30 

n  •„, 

14.60 
63.60 
399.80 
560.00 
008.20 

1.74 
2.68 

17   7s 
18    in 
31.58 
,.7    ,1.1 
430.70 
642.72 
743.60 

0 

0 
0.095 
0 
0.135 
0 
0 
0 
0 

0.018 

.1      IIJ7 

0.070 
0.426 
0.714 
0.170 
1.545 
1    l.ii, 
f.  770 

0.069 
0.107 
0.715 
1.045 
0.730 
3.180 
19.990 
28.000 
80.410 

il  i.x7 
0.134 

II     XVI 

1.470 
1.579 
3.350 
21.635 
32.136 
37.  IMI 

Average  

0.30 

47.11) 

263.74 

311.30 

0.018 

2.356 

18.187 

15.600 

Anthracite  Coal 

111 

17.9 

1    |x 

0 

0 

0 

II" 

4  46 

0 

0 

0.223 

ii  JIM 

Average  

0 

0 

l   n; 

4.40 

0 

0.223 

0.223 

A  complete  record  of  the  facts  relating  to  the 
amount  and  physical  character  of  the  solid  con- 
stituents of  smoke  from  the  stacks  of  steam 
vessels  and  stationary  plants,  in  terms  of  fuel 
consumed,  as  determined  by  each  of  the  tests 
referred  to,  is  presented  as  tables  LXXXVI  to 
LXXXIX,  inclusive. 

105.27  Application  of  Results  of  Tests  to  all 
Services:  Owing  to  the  length  of  time  required 
in  the  field  to  prepare  for  and  conduct  each  test 
and  to  the  time  required  in  the  laboratory  to 
make  analyses,  certain  tests,  originally  planned, 
representing  conditions  under  which  only  a  small 
amount  of  certain  coals  was  burned,  were  omitted. 
In  such  cases,  results  obtained  from  other  tests 
representing  similar  conditions  were  regarded  as 
applicable.  The  extent  of  these  adjustments  is 
explained  in  the  following: 

i.  The  emission  factors  determined  as  a 
result  of  tests  of  locomotives  in  yard  service 
were  considered  applicable  to  locomotives  oper- 
ating in  passenger  transfer  service. 


2.  The  emission  factors  determined  for  bitu- 
minous  coal   consumed   in   through   passenger 
service  were  considered  applicable  to  the  small 
amount  of  Pocahontas  coal  burned  in  that  service. 

3.  The  emission  factors  determined  for  anthra- 
cite coal  burned  under  strong  draft  in  industrial 
furnaces  were  considered  applicable  to  the  small 
amount    of     anthracite     consumed    by    steam 
vessels  and  by  high  pressure  steam  stationary 
power  and  heating  plants,  and  also  to  the  small 
amount  of  coke  burned  in  low  pressure  steam 
and  other  stationary  heating  plants. 

4.  The  emission  factors  determined  for  Poca- 
hontas coal  burned  by  steam  vessels  were  con- 
sidered applicable  to   Pocahontas  coal  burned 
by   furnaces   for   metallurgical,    manufacturing 
and  other  processes. 

105.28  Amount  of  Solids  in  Smoke,  in  Terms 
of  Fuel  Consumed:  The  emission  factors  for 
solids  determined  as  a  result  of  the  various  smoke 
tests  made  in  connection  with  different  fuels, 
including  the  field  tests  on  locomotives,  the  loco- 
motive laboratory  tests  and  the  smoke  sampling 
tests  on  steam  vessels  and  stationary  plants, 
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together  with  the  emission  rates  assigned  to  cer- 
tain services  on  the  basis  of  determinations  made 
unilrr  similar  conditions  as  described  (section 
105.27),  constitute  a  complete  set  of  values  for 
each  service  concerned  in  the  production  of  smoke 
in  the  Area  of  Investigation.  A  summary  of 
these  results  is  presented  as  table  XC. 

105.29  Relative  Standing  of  Different  Services 
as  Producers  of  Solids  in  Smoke :  From  a  knowl- 
edge of  the  amount  of  fuel  consumed  by  different 
classes  of  service  (chapter  104)  and  of  the  emission 
factors  for  solids  in  smoke  as  hereinbefore  set 
forth  (section  105.28),  it  is  possible  to  determine 
the  relative  importance  of  the  different  services 
from  the  standpoint  of  the  solid  constituents  of 
smoke,  in  terms  of  fuel  consumed.  Thus,  the  total 
number  of  tons  of  fuel  consumed  in  each  service 
multiplied  by  the  emission  factor  for  solids  for 
that  service  gives  a  product  which  represents 
the  total  quantity  of  solids  emitted  in  the  smoke 
produced  by  the  service  in  question.  The  ratio 


of  the  quantity  thus  obtained  to  the  sum  of  such 
quantities  for  all  services  gives  a  measure  of  the 
relative  standing  of  the  service  in  question  as  A 
producer  of  solids  in  smoke.  The  results  thus 
obtained  are  presented,  for  Zone  A  as  table  XCI, 
for  Zone  B  as  table  XCI  I  and  for  Zones  A  and  B 
combined  as  table  XCI  1 1. 

The  relative  standing  of  the  several  services 
as  producers  of  smoke,  on  the  basis  of  the  total 
quantity  of  solids  emitted  in  smoke,  is  shown 
graphically  by  fig.  26. 

105.30  Chemical  Composition  of  the  Solid 
Constituents  of  Smoke :  The  polluting  effects  of 
the  solid  constituents  of  smoke  are  dependent 
to  some  extent  upon  their  chemical  composition. 
The  presence  of  hydrocarbons,  for  instance,  is 
generally  more  objectionable  than  the  presence  of 
mineral  matter  or  unconsumed  carbon.  Hydro- 
carbons constitute  a  large  proportion  of  the 
distillates  of  coal,  which  become  apparent  in  the 
atmosphere  in  the  form  of  soot  and  readily  soil  and 


TABLE  XC. 


EMISSION  FACTORS  FOR  SOLIDS  IN  SMOKE,  OR  THE  AMOUNT  OP  THE  SOLID  CONSTITUENTS  OP  SMOKE. 
IN  TERMS  OP  FUEL  CONSUMED.     ALL  SERVICES 


Service 

Kind 
of 
Fuel 

Sottd  Constituent*  of  Smoke 

In  Pound*  per  Ton 
of  Fuel  Consumed 

In  Per  Cent 
ol  Fuel  Consumed 

Coanr 
Cinder* 

Fine 
Cinders 

Fuel 
Dust 

Total 

Coarse 
Cinders 

Fine 
Cinder* 

FlMl 

IP:.- 

Total 

1 

2 

3 

4 

« 

6 

7 

8 

« 

10 

Steam  Locomotive*: 
Y»rd                         

(Poo. 
I  Bit. 
Bit. 
(Poo. 
I  Bit. 
(Poo. 
(Bit. 
(  Poo. 
(Bit. 
Bit. 
Bit. 

1.30 
0.76 
11.30 
1.84 
0.62 
•  1.30 
»  0.76 
•15.08 
U  08 
10  M 
•  0.76 

9.72 
3.42 
:;!  H 
7.92 
2.16 
•  9.72 
•  3.42 
•39.40 
yg   ;  . 
47.42 
*  3.42 

24.54 
5.24 
6.86 
19.64 
4.46 
•24.54 
*  5.24 
•  7.84 
7.84 
9.26 
•  6.M 

35.56 
9.42 

M    M 

...,  ,,, 

7.24 
•35.56 
*  9.42 
•62.32 

77.32 
•  9.42 

0.065 
0  OM 

U  on 

0.031 
•0.065 
•0.038 
•0.754 
0.754 

!  on 

•0.038 

0.486 
0.171 
1.734 
i.    M 
0   101 
•0.486 
•0.171 
•1.970 
1.970 
2.371 
•0.171 

1.227 
0.343 

o  tea 

•1.227 
•0.262 
•0.392 
0    M 
0   M  1 
•0.262 

1.778 
0.471 
2.642 
1.470 
0  362 
•1.778 
•0.471 
•3.116 
3.116 
3.888 
•0.471 

Locomotive  t.-rminala  

Steam  Vessels  

•   \i,il,. 
{Poc. 

I!,.. 

•        0 
0 
1.70 

•        0 

8.02 
12.14 

*  4.46 

17.78 
10.60 

•  4.4« 

Jl    it 

*        0 
0 

IP  085 

•        0 
0.401 
0.607 

•0.223 
0.889 

o  -.  ., 

•0.223 
;   HO 

:  ...• 

High    Pressure    Steam   Stationary 

Anth. 
Coke 
Poc. 
Bit. 

»        0 

•        0 
0 
0.08 

«        0 
•        0 
2.26 
5.32 

*  4.44 

•  4.46 
10.72 
10.84 

*  4.48 

*  4.46 
12.98 
;•    U 

*        0 

•        0 
0 
0.003 

•       0 
•        0 

0.113 
0.286 

•0.223 
•0.223 

0       .. 

0    '  u 

•0.223 
•0.223 
0.648 

0  -  ;  ; 

Low   Pressure    Steam    and    Other 

(  Anth. 
ICoke 
)  Poc. 
(Bit. 

0 
•        0 
0 

i) 

0 
•        0 
1.48 
1  72 

2.76 

•  4.46 
8.32 
21  70 

J   7.. 
•  4.46 
9.80 
23  42 

No  ti-s 

35.96 
127.00 
•25.80 

Jl   ..s 

0 
•        0 
0 
0 

Is  made 

pi 

o    n 

•        0 
0.022 

0 

•        0 
0.074 
0.086 

0.334 
1.020 
•0.401 
0  018 

pp 
•0.223 
0.416 
1.085 

1  464 

1  044 

•1.464 

•0.889 
13.187 

0   :  I 
•0.223 
0  490 
1   171 

Qaa  and  Coke  Plant* 

i\  >.i.'. 
Coke 
Poc. 
Bit. 

0 

1.52 
•        0 
0.44 

ll.lix 
20.40 
*  8.02 
0.36 

*  6.68 
•  8.02 

17    III 

29.28 
105.68 
•17.78 

.11    .ss 

Furnaces  for  Metallurgical,  Manu- 
facturing  and  Other    Processes 
Steel     plant*,    foundries,    forges 
and  other  allied  processes  

(  Anth. 
1  Coke 
Poc. 
Bit. 

1.79S 
•      - 
•1.200 
1  084 

Brick,  pottery  and   other   allied 

(Coke 
I  Poc. 
i  Bit. 

•        0 
•        0 
0.36 

•29.28 

•17.78 
263.74 

4.46 
•29.28 
•17  78 
*10  88 

•35.96 
•25.80 
311.20 

•        0 
•        0 

0  019 

•n  .in 
•0.401 
2.3.M 

•1.798 

•1  290 
It  SAO 

Miscellaneous        manufacturing 
rendering  and  other  processes  .  .  . 

f  Anth. 
iCoke 
}  Poc. 
I  Bit, 

0 

•         0 
•         0 
•  0  44 

0 
•  6.68 
•  8.02 
•  O  3« 

4.48 

•35.96 
•25.80 
•21  <W» 

0 
•        0 
•        0 
•0  022 

•0.334 
•0  401 
•O  OIK 

0.223 
•1.484 
•0.88B 
•1  044 

0  223 
•1.7W 
•1   290 
•l.OM 

•Value*  adapted  from  determinations  made  under  similar  condition*. 
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blacken  all  materials  with  which  they  come  in  con- 
tact. Soot  is  volitant  and  is  easily  transported 
by  air  currents.  Mineral  matter  and  unconsumed 
carbon  particles  are  less  prolific  sources  of  dirt 


because  they  lack  both  the  coloring  matter  and 
the  adhesive  properties  of  soot,  and  it  is  probable 
that  a  large  proportion  of  these  substances  settle 
to  the  ground  near  the  point  of  emission.  Any 


TABLE  XCI.     AMOUNT  OF  SOLIDS  EMITTED  IN  SMOKE  PROM 

EACH  SERVICE  AND  RELATIVE  STANDING  OF  SERVICES 

ZONE  A 


TABLE  XCII.     AMOUNT  OF  SOLIDS  EMITTED  IN  SMOKE  FROM 

EACH  SERVICE  AND  RELATIVE  STANDING  OF  SERVICES 

ZONE  B 


Service 

Fuel  Consumed 

Snli.l.i   11:  Smoki 

Kind 

Tons 

In  Per 
Cent 
at  Fuel 
Con- 
sumed 

Tons 

Per 
Cent 
of 
Total 

1 

2 

3 

4 

5 

6 

Steam  Locomotives: 
Yard        

(  Poc. 
t  Bit. 
Bit. 
(  Poc. 
i  Bit. 
f  Poc. 
I  Bit. 
f  Poc. 
(  Bit. 
Bit. 
Bit. 

23,049 
1,026,467 
136,115 
2,996 
351.806 
885 

-'II.  IS.'. 

2,441 
174,320 
155,327 
205.153 

1.778 
0.471 
2.642 
1.470 
0.362 
1.778 
0.471 
3.116 
3.116 
3.866 
0.471 

410 
4,835 
3,596 
44 

1,274 
16 
96 
76 
5,432 
li.ixir, 

966 

0.14 
1.59 
1    is 
0.01 
0.42 
0.01 
0.03 
0.02 
1.78 
1.97 
0.32 

Freight  transfer  .... 
Passenger  transfer  .  . 

Through  passenger.  . 

Suburban  passenger  . 
Locomotive  terminals 

Totals  

L'.o'i'.i.iiii 

1     MM 

22,750 

7.47 

Steam  Vessels: 

Tugs  and  lighters  .  .  . 
River  barges,  dredges, 

(  Anth. 
Poc. 
(  Bit. 
f  Poo. 
(  Bit. 

Bit. 

112 
3,748 
31,293 
1,186 
9,339 

0.223 
1.290 
1.222 
1.290 
1.222 

1.222 

I 
382 
15 
114 

436 

* 
0.02 
0.12 
0.01 
0.04 

0.14 

Lake    steamers    and 
barges  

Totals  

BUM 

1    I'L'.i 

905 

0.33 

High    Pressure    Steam 
Stationary  Power  and 
Heating    Plants: 
Public    service,    mu- 
nicipal,   steam    rail- 
road, office  buildings, 
hotels,    schools    and 
manufacturing  

(   Anth. 
Cob 
)   Poc. 
(  Bit. 

5,291 
2,121 
262,196 
7,046,649 

0.223 
0.223 
0.649 
0.811 

12 
5 
1,702 
57,148 

* 
* 
0.56 
18.78 

Totals  

7  316.257 

n   si  15 

-,xs(,7 

19.34 

Low    Pressure    Steam 
and  Other  Stationary 
Heating       Plants: 
Buildings,  apart- 
ments and  residences 

Totals  

(  Anth. 
J   Coke 
]   Poc. 
(  Bit. 

1,577,761 
41.181 

R49.185 

I  liSCi.dl!) 

0.138 
0.223 
0.490 
1.171 

2,177 
92 
4.161 
19.750 

0.71 
0.03 
1.37 
6.49 

4,154.746 

0.630 

26.180 

8.60 

Gas  and   Coke  Plants 
(exclusive   of     boiler 
power  plants  )  : 
Public  service  

Other  service  

f  Anth. 
I  Coke 
(  Anth. 
{  Poc. 
!  Bit. 

5,882 
i  ::;.  MM 
245 
2.366 
92,415 

No  tests  made 

Totals  

234,561 

Furnaces  for  Metallur- 
gical, Manufacturing 
and  Other  Processes 
(exclusive    of    boiler 
power  plants)  : 
Steel   plants,  found- 
ries, forges  and  allied 
processes  

[  Anth. 
1  Coke 
1  Poo. 
(  Bit. 

31,442 

-'.  ,:i(l(i 
26,368 
651.187 

1.798 
0  B80 

1.290 
1.084 

665 

]V-,.,.17 
340 
7,059 

0.19 

,„,  M 
0.11 
2.32 

Totals  

3.618,357 

:,  :,-,i, 

1H3.5S1 

63.60 

Brick,    pottery    and 
allied  processes  

Totals  

[  Coke 
Poc. 
[  Bit. 

206 
0 
8,165 

1.798 
0 
15.560 

4 
0 
1,270 

* 
* 
0.42 

8,371 

15.219 

1.274 

0.42 

Miscellaneous  manu- 
facturing,   rendering 
and  other  processes  . 

Totals  

f  Anth. 
1  Coke 
1   Poc. 
1  Bit. 

12,269 
12,791 
322 
44,440 

0.223 
1.798 
1.290 
1.084 

28 
230 
4 
482 

0.01 
0.07 

* 

0.16 

69.822 

1   li.,c. 

744 

0.24 

Sub-Totals  

3.6W6.550 

5.291 

1(15,59(1 

64.26 

Grand  Totals  

I7,r.s:>.rc>:t 

1.731 

304,391 

100  00 

Service 

Fuel  Consumed 

Solids  in  Smoke 

Kind 

Tons 

In  Per 
Cent 
of  Fuel 
Con- 
sumed 

Tons 

Per 
Cent 
of 
Total 

1 

2 

8 

4 

6 

6 

Steam  Locomotives: 
Yard      

(  Poc. 
(  Bit. 
Bit. 
f  Poo. 
'   Bit. 
(  Poo. 
i   Bit. 
(  Poc. 
\  Bit. 
Bit. 
Hit. 

0 
313,987 
L3347J 

0 
124.936 
0 
175 
0 
63,527 
36,045 
55,014 

0 
0.471 
2.642 
0 

0.362 
0 
0.471 
0 

3.116 

:i  M;H 
0.471 

0 
1,479 
3,241 
0 
452 
0 
1 
0 
1,979 
1,394 
259 

0 
2.76 
6.05 
0 
0.84 
u 
* 

0 
3.69 
2.60 
0.49 

Road  freight  

Freight  transfer  .  .  . 
Passenger  transfer  . 

Through  passenger  . 

Suburban  passenger 
Locomotive  terminals 

Totals  

716,356 

I.22!l 

16.43 

Steam  Vessels: 

Tug*  and  lighten.. 
River  barges.dredges 
etc. 

(  Anth. 
{   Poc. 
j  Bit. 
.   Poo. 
i  Bit. 

Bit. 

12 
234 
8,579 
82 
1,132 

954 

0.223 
1.290 
1.222 
1.290 
1.222 

1    JL>2 

', 

105 
1 
14 

12 

* 
0.01 
0.20 

« 

0.02 
0.02 

Lake    steamers    and 
barges  

Totals  

10,993 

1    J-'s 

185 

0.25 

High  Pressure  Steam 
Stationary  Power 
and  Heating  Plants 
Public  service,  mu- 
nicipal, steam  rail- 
road, office  buildings 
hotels,  schools  an< 
manufacturing 

(  Anth. 

1   Poc 
I  Bit. 

0 
423 
14,824 
1.815,830 

0 
0.223 
0.649 
0.811 

0 
1 

96 
14,726 

0 

* 

0.18 
27.47 

Totals  

1,831.077 

0.810 

14.828 

27.65 

Low  Pressure  Steam 
and  Other  Stationary 
Heating  Plants 
Buildings,  apart- 
ments and  residences 

Totals  

iAnth. 
Cob 
Poc. 
Bit. 

193,511 
13,896 
40,543 
244,214 

0.138 
0.223 
0.490 
1.171 

267 
31 
199 
MM 

0.50 
0.06 
0.37 
5.33 

102,164 

0.682 

8,867 

6.26 

Gas  and  Coke  Plants 
(exclusive  of  boiler 
power  plants): 

i   Anth. 
i  Coke 
j   Anth. 
Poc. 
I  Bit. 

0 
18.159 
0 
0 
1,157 

No  tests  made 

Other  service  .  . 

Totals  

10,316 

Furnaces  for  Metallur- 
gical, Manufacturing 
and  Other  Processes 
(exclusive    of    boiler 
power  plants)  : 
Steel  plants,    found- 
ries, forges  and  allied 
processes  

Anth. 
(  oks 
Poc. 

Hit 

529 

:iii  !,:{::; 
162 
218,905 

1.798 
6.380 
1.290 

1   (isl 

Id 
19,228 
2 
2.373 

0.02 
35.87 

* 

4  43 

Totals  

520,969 

4.149 

21.613  |     40.32 

Brick,  pottery  and 
allied  processes  

Totals  

(  Coke 
Poc. 

Bit. 

1,633 
200 

30,888 

1.798 
1.290 
15.560 

n 

3 

4,806 

0.05 

* 

8.97 

83,731 

14  .7-Srt 

4,s:iS 

9.02 

Miscellaneous  manu- 
facturing, rendering 
and  other  processes  . 

Totals  

Anth. 
Coke 
Poc. 
Bit. 

104 
967 
0 
1.696 

I)   L'-M 

1.798 
0 

1    OM 

is 

0 

a 

» 
0.03 
0 
0.04 

2,767 

1.301 

36 

0.07 

Sub-Totals  

.V,,,..|;,7 

4    7(1(1 

26.4S7 

4'.i.41 

Grand  Totals  

Sjj^WM 

1.478 

53,607      100.00 

*  Less  than  0.005  per  cent, 
t  Less  than  0.5  ton. 


*  Less  than  0.005  per  cent. 
t  Less  than  0.5  ton. 
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service,  therefore,  the  smoke  of  which  possesses 
a  high  content  of  hydrocarbon,  constitutes  a  more 
objectionable  source  of  atmospheric  pollution 
than  one  the  smoke  of  which  shows  a  low  content 
of  such  distillates.  Determination  of  the  amount 


TABLE  XCIII.     AMOUNT  OP  SOLIDS  EMITTED  IN  SMOKE  PROM 

BACH  SERVICE  AND  RELATIVE  STANDING  OP  SERVICES 

ZONES  A  AND  B 


Fuel  Consumed 

8olid»  in  Smoke 

Service 

Kind 

Tons 

In  I'.-r 

(  •  ' 

of  Fuel 
Con- 
sumed 

Ton* 

/" 
Cent 

of 

Total 

1 

3 

8 

4 

5 

• 

Steam  Locomotive*: 
Yard                  

f  Poo. 
I  Bit. 
Bit. 
<  Poo. 
i  Bit. 
f  Poo. 
1   Bit. 

i  POC. 

1   Bit. 
Bit. 

Bit. 

23,040 
1,340,464 
168,787 

2,996 
476,742 
886 
20,660 
2,441 
237.847 
191,372 
260.167 

1.778 
0.471 
2.642 
1.470 
0.362 
1.778 
0.471 
3.116 
3.116 
3.866 
0  471 

410 

...;n 

tjUtl 

44 

1,726 
16 
97 
76 
7.411 
7,399 
1,226 

0.11 
1.77 
1.91 
0.01 
0  48 

* 

0  03 
0.02 
2.07 
2.07 
0.34 

Freight  traufer  
Passenger  transfer  .  . 

Through  passenger  .  . 

Suburban  paMenger  . 
Locomotive  terminals 

Totals  

2,815,400 

1.121 

31,565 

8.81 

Steam  Vessels: 

Tug*  and  lighters  .  .  . 
River  barges.  dredges, 
etc  

(   Anth. 
<    Poc. 
(  Bit. 
f  Poc. 
I  Bit. 

Bit. 

124 

U.SIN2 

39,872 
1,268 
10,471 

36.651 

0.223 
1.290 
1.222 
1.290 
1.222 

1.222 

61 
487 
16 
128 

448 

* 
0.01 
0.14 

* 

0.04 
0.13 

Lake    steamers    and 
barges  

Totals  

92,368 

1   _'j:i 

1.130 

0.32 

Sigh    Pressure    Steam 
Stationary     Power 
and  Heating  Plants: 
Public    service,    mu- 
nicipal,   steam    rail- 
road, office  buildings, 
hotels,    school*    and 
manufacturing  

!Anth. 
Coke 
Poc. 
Bit. 

5,291 
2,544 
277.020 
8,862,479 

0.223 
0.223 
0.649 
0.811 

12 
6 

1,798 
71,874 

* 
* 
0.60 
20.08 

Total*  

9,147,334 

ii  *.(>,, 

73.090 

•jii  .-,>. 

Low    Pressure    Steam 
and  Other  Stationary 
Beating      Plants: 
Buildings,  apart- 
ments and  residence.*! 

Total*  

f   Anth. 
1  Coke 
1   Poc. 
1  Bit. 

1,771,272 
55,077 

ss<i,7L's 
1,930,833 

0.138 
0.223 
0.490 
1.171 

2,444 
123 
4,360 
22,610 

0.68 
0.03 
1.22 
6.32 

-J.f.lli.iMII 

0.086 

29.537 

8.26 

Gas  and    Coke    Plants 
(exclusive    of    boiler 
power  plants)  : 

(  Anth. 
i  Coke 
(  Antb. 
<    Poc. 
1  Bit. 

5,882 
15  1,802 
245 
2,366 
93,572 

No  tests  made 

Total*  

253,H67 

Furnaces  for  Metallur- 
gical, Manufacturing 
and  Other  Processes 
(exclusive    of    boiler 
power  plant*): 
Steel  plant*,    found- 
ries, forges  and  allied 
processes  

(  Anth. 
1   Coke 
Poc. 
(   Bit. 

31,971 
3,210,733 
26,530 
870,092 

1.798 
6.380 
1.290 

1  OS4 

575 
204,845 
342 
9.432 

0.16 
57.22 
0.10 
2.63 

Total*      

4,139,326 

:,    IH'i 

215.194 

60.11 

Brick,    pottery    and 
allied  processes  

Total*  

(  Coke 
{   Poc. 
)  Bit. 

1,839 
200 
39,053 

1   79.x 
1.290 
16.560 

33 
3 

6.076 

0.01 

» 

1.70 

11,092 

14.874 

6.112 

1.71 

Miscellaneous  manu- 
facturing,   rendering 
and  other  processes  . 

Total*  

!    Antli. 
(•nke 
)   Poc. 

Bit. 

12.373 
13,758 
322 
46,136 

0.223 
1.798 
1.290 
1.084 

28 
248 
4 
600 

0.01 
0  07 

• 

0.14 

7-'.:.-'' 

1   117.'. 

780 

0.22 

Sub-Total*  

1.253,007 

5   JJJ 

222.086 

....  ,,« 

Grand  Total*  

nggfM 

1.688 

\ST£tt 

,,«,  ,. 

*  Less  than  0.005  per  cent, 
t  Less  than  0.5  ton. 


of  hydrocarbons  (tar),  combustible  solids  (carbon), 
mineral  matter  (ash),  and  sulphur  present  in  the 
smoke  discharges  of  each  class  of  service,  was 
made  by  chemical  analyses  of  numerous  samples 
of  the  solid  materials  collected  in  connection  with 
the  smoke  sampling  tests  made  upon  locomotives, 
steam  vessels  and  stationary  plants,  as  already 
described. 

The  samples  of  solid  materials  taken  from  the 
cinder  arresters  employed  in  the  case  of  locomotive 
tests,  and  from  the  filters  employed  in  the  case 
of  tests  on  steam  vessels  and  stationary  plants, 
were  analyzed,  essentially  the  same  method  of 
analysis  being  employed  in  both  cases.  In  the 
case  of  the  solids  from  locomotive  smoke  it  was 
necessary  to  analyze  only  representative  samples 
of  the  materials  collected,  while  in  that  of  the 
solids  contained  in  the  smoke  of  other  services 
it  was  necessary  to  analyze  both  the  free  samples 
collected  and  the  filters  themselves,  since  a  por- 
tion of  the  solids  became  entrained  in  the  fiber 
of  the  filters.  The  exact  procedure  of  conduct- 
ing a  chemical  analysis  of  the  contents  of  filters 
may  be  described  as  follows: 

Initially  the  filters  were  carefully  weighed  and 
their  weights  were  recorded  preparatory  to  each 
test.  The  percentage  of  ash  contained  in  the 
materials  of  which  the  filters  themselves  were 
made  was  also  determined  by  experiments  in 
which  a  number  of  the  prepared  filters  were 
ignited.  At  the  conclusion  of  a  test  the  filters 
and  their  contents  were  weighed  and  placed  in  a 
Soxhlet  extraction  tube  and  treated  with  ether, 
the  process  serving  to  extract  the  tarry  matter 
or  hydrocarbons.  The  ether  was  then  reclaimed 
and  the  residue,  or  tarry  matter,  was  weighed. 

After  this  determination  the  filters  and  their 
contents  were  dried  and  again  weighed.  The 
difference  between  this  weight  and  that  of  the  dry 
filter  before  the  test,  added  to  the  weight  of  the 
tarry  matter  extracted,  served  to  give  the  total 
weight  of  the  solid  constituents  of  the  smoke 
samples.  For  further  analysis,  the  sample  of  the 
solid  materials  collected,  not  including  the  filter 
itself,  was  divided  into  two  equal  parts,  one  being 
used  for  the  sulphur  determination  and  the  other 
for  the  determination  of  mineral  matter  and  un- 
consumed  carbon.  The  portion  selected  for  the 
sulphur  determination  was  mixed  with  sodium 
carbonate  and  magnesium  oxid  and  fused  in  a 
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platinum  crucible.  The  fused  mass  was  then 
treated  with  hot  water  to  dissolve  the  sulphur 
compounds,  and  filtered.  The  filtrate  was  treated 
with  bromine,  the  excess  of  which  was  boiled  off, 
and  hydrochloric  acid  and  barium  chlorid  were 
added  to  precipitate  the  sulphur  as  barium  sul- 
phate. The  precipitate  was  then  treated  in  the 
usual  manner  to  determine  the  sulphur.  The 
weight  of  the  sulphur  thus  obtained,  divided  by 
the  weight  of  the  fused  sample  and  multiplied  by 
the  difference  in  weight  between  the  total  solid 
constituents  of  the  smoke  and  the  tar  or  hydro- 
carbons as  previously  determined,  was  recorded 
as  the  weight  of  the  sulphur. 

For  the  determination  of  mineral  matter  or  ash , 
the  second  portion  of  the  sample  of  solids  was 
incinerated  and  weighed.  This  weight  multi- 
plied by  two  served  to  give  the  total  weight  of  the 
ash  in  the  sample.  The  weight  of  the  ash  in  the 
filter,  as  determined  initially,  was  then  deducted 
from  the  weight  of  the  ash,  as  determined  by  incin- 
erating the  filter  after  the  test,  the  difference  be- 
ing taken  as  the  weight  of  the  ash  resulting  from 
the  products  of  combustion  which  became  en- 
trained in  the  fiber  of  the  filter.  This  value 
added  to  the  weight  of  the  ash  in  the  sample  of 
solids  gave  the  total  weight  of  ash  contained  in  the 
products  of  combustion  intercepted  by  the  filter. 
The  sum  of  the  weight  of  the  hydrocarbons,  sul- 
phur and  mineral  matter  subtracted  from  the 
total  weight  of  the  solids  contained  in  the  sample 
under  analysis,  served  to  disclose  the  weight  of  the 
combustible  solids  or  unconsumed  carbon  present 
in  the  solid  constituents  of  smoke. 

Values  for  each  chemical  constituent  expressed 
in  its  per  cent  of  total  solids  as  disclosed  by  the 
analyses  described,  when  applied  to  samples  of 
solids  collected  in  connection  with  the  tests  con- 
ducted in  the  various  classes  of  service,  are 
presented  as  table  XCIV. 

The  total  amounts  of  the  different  kinds  of 
solid  materials,  subdivided  according  to  both 
physical  and  chemical  classification,  were  deter- 
mined by  applying  the  values  hereinbefore  set 
forth  to  the  total  quantity  of  fuel  consumed  in 
each  service  or  to  the  total  quantity  of  solid 
materials  emitted  in  the  smoke  of  each  service. 
These  values,  expressed  in  tons  of  solids  emitted 
during  the  year  1912  by  each  of  the  different 
classes  of  service  in  Zone  A,  Zone  B,  and  Zones 


A  and  B  combined,  are  presented  as  tables  XCV, 
XCVI,  and  XCVII. 

TABLE  XCIV.     CHEMICAL  COMPOSITION   OF  THE   SOLID 
CONSTITUENTS  OF  SMOKE 


Service 

Kind 
of 
Fuel 

Hydro- 
Carbons 
(Tar) 

Per  Cei 

Combus- 
UMeSoUdi 

it  of  Total  Solid* 

Mineral 
Matter 

(Ash) 

Sulphur 

Total 

1 

•2 

3 

4 

5 

e 

7 

Steam  Locomotive*: 
Yard             

Poc. 
Bit. 
Bit. 
Poc. 
Bit. 
Bit. 
Bit. 

0.28 
0.64 
0.64 
0.41 
0.55 
0.45 
0.89 

S2.25 
39.28 
60.33 
63.33 
13.  M 
61.33 
65.34 

46.29 

.-.7  .  :i.' 
86.49 
35.10 

n  M 

35.85 
31.92 

1.18 
2.76 
2.54 
1.16 
2.21 
2.37 
2.35 

100.00 
100.00 

11X1   III 

inn.  mi 
100.00 

loo.oo 
100.00 

Freight  transfer  .... 

Through  passenger. 
Suburban  passenger 

Steam  Vessels  

Poc. 

Bit. 

3.88 

2.B2 

44.80 
51.23 

60.62 
45.50 

0.70 
0.65 

100.00 
100.00 

loo.oo 

100.00 

High  Pressure  Plant*  . 

Poc. 
Bit. 

3.08 
4.19 

41.45 
32.80 

.-._•  M 
59.93 

3.08 

:i  us 

Low  Pressure  Plants  . 

Anth. 
Poc. 

Kit. 

0.73 
11.43 

31.43 

31.88 
St.  90 

44.06 

117  :v.< 
33.47 
22.12 

0  00 
0.20 
2.39 

100.00 
100.00 
100.00 

Gas  and  Coke  Plant*  . 

\nll, 

(  nb 
Bit. 

No  tests  made 

Special    Furnaces  — 
steel  plant*,  found- 
rie*.  etc  

1.20 
0.56 
18.91 

21.80 

III.  Ml 
I',    I'll 

75.42 

vr.ic, 
:(.-.  :« 

1.28 
0.63 
0.56 

100.00 
100.00 
100.00 

Special   Furnaces  — 
brick    and    pottery 
plant*  

Bit. 

0.24 

8.87 

88.07 

2.72 

100.00 

Special   Furnaces  — 

-       .   •,!..  ..•;-  I.I  i-.t- 

Antb. 

30.04 

37.67 

32.29 

0  00 

100.00 

INCIDENTAL  FACTS  CONCERNING 
SOLIDS  IN  SMOKE 

105.31  Solids  of  Non-Fuel  Origin  in  Smoke: 
The  preceding  sections  serve  to  show  the  extent 
to  which  the  different  fuel  consuming  services  con- 
tribute to  the  dust  content  of  the  atmosphere. 
The  conclusions  which  are  therein  set  forth  satisfy 
the  primary  purpose  of  the  Committee's  investi- 
gation. These  having  been  presented,  it  will  be 
of  interest  to  extend  the  discussion  to  a  brief 
consideration  of  certain  incidental  facts  with 
reference  to  solids  in  smoke. 

Attention  has  already  been  directed  to  the  fact 
that  not  all  of  the  solids  in  smoke  are  of  fuel 
origin  (section  105.21),  though,  for  purposes  thus 
far  set  forth,  it  has  been  assumed  that  all  solid 
matter  passing  out  of  chimneys  and  smoke-stacks 
with  the  products  of  combustion  may  be  re- 
garded as  solid  constituents  of  smoke.  Since  the 
purpose  of  the  investigation  is  to  determine  the 
relative  contributions  of  different  fuel  consuming 
services  to  the  total  quantity  of  dust  in  the 
atmosphere,  this  assumption  is  not  misleading, 
and  it  has  the  advantage  of  supplying  a  definite 
basis  upon  which  conclusions  may  be  established. 
Its  effect,  however,  has  been  to  emphasize  the 
importance  of  certain  metallurgical  and  other 
industrial  fires  which  send  out  with  the  products 
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TABLE  XCV.    TOTAL  AMOUNTS  OP  SOLID  CONSTITUENTS  OF  SMOKE  OP  DIFFERENT  SERVICES  IN  ZONE  A 

FOR  THE  YEAR  it,.; 


Sfrvlesj 

Kind 
of 
Fuel 

Emission 
Factors 

•oUd  CmMUunU  o«  B»»o«»    Te»» 

£ 

H)   I-  ..     .     v    .... 

By  CUniMl  Analyst* 

In  PIT 
ol 
Fuel  Burned 

V- 

.:.-,;. 

Fuel 

KM 

llyrlfv 

Carbons 

(Tar) 

.     •       ., 
• 
- 

'     • 

Mineral 
M.tirr 
(Ash) 

Sulphur 

[                                                 1 

» 

.1 

4 

6 

e 

1 

• 

9 

10 

a 

Strain  Locomotive*: 
Yard    

i  fc 

Bit. 
(Poc. 
•  Bit. 
Poe. 
Hit 
Poe. 
Bit 
Bit. 
Bit. 

1.778 
0.471 
•41 

1.470 
0    181 

1.778 
0.471 
3.116 
3.110 

0.471 

18.0 

7.  g  • 

2.H 
109  0 

o.e 

.-  - 

18.4 
1.314.8 
1.603.0 

7s  i. 

112.0 
1.748.4 
1  m   . 

• 
1    ., 

4.4 

36  0 
48.0 
3.434.2 

:  883  - 
:I.MI  s 

MM  i 

466.9 
29.3 
784.4 
11.0 
53.2 
9.6 

719.2 

1    1 
I  j 
23.0 
0.2 
7.0 
• 
0.6 
0.3 
24.4 
23.4 
62 

214  3 

1  -  ••.   I 
:  1M 

n  • 

666.1 
8.4 
37.7 
46.7 

1.1:1     • 
.•..-:   7 
379.4 

180.8 
2.771.8 
1.312.2 
16.4 
•j   . 
7.4 
66.0 
27.2 
1.947.4 

!      •,:     • 

4.8 

!      |     1 

01.3 
0.6 
28.2 
02 
2.7 
1.8 
128.7 
141.1 

-••    7 

410 
4.834 
3.600 
44 

IJ74 

ia 

M 
76 

i    . 
•     • 
906 

Locomotive  terminal*  

Totali  

i.  in  | 

12,174  6 

117    1 

12.594  4 

-.-••     1 

22.750 

in  Vessels: 

'  Anth. 
i-... 
(Bit. 
(Poc. 
(Bit. 
Bit. 

0.223 

1.290 
1.222 
1.280 
1    JJJ 
1.222 

0 
0 
28.8 
0 
7.9 
31)   3 
,  |    , 

0 
15.0 
189.7 
4.8 
48.6 
216.5 

• 
33.0 
165.7 
10.2 
49.6 
189.2 
—  447~6 

• 
1.9 
10  0 
0.6 
3.0 
114 

• 
21.5 
195.7 
6.7 
58.4 
223.4 

• 

24.3 

173.  R 
7.6 
61.9 

•  jl  i 

• 

0.3 
2.6 
0.1 
0.7 
2.8 

• 

3X2 
16 
114 

43A 

River  barges,  dredges,  etc  

Lake  steamers  and  barges  
Totals 

High   Pressure  Steam   Stationary  Power  and  Heating 
Plants:    Public    service,   municipal,   steam  railroad, 
office  buildings,  hotels,  schools  and  manufacturing  .  .  . 

Total*  

(  Anth. 
!  Coke 
Poe, 

111! 

0.223 

o  ua 

Q  541 

II   MI 

0 
0 
0 
211.4 

0 
0 

296.3 
18,744  .  1 

12.0 
6.0 
1.405.7 
38.192  6 

.1  i. 
1.4 
62.4 
2.394.5 

4.6 
1.9 

705.5 
18.744  .  5 

3.0 
1.7 
891.7 
34.248.8 

• 
• 

52.4 
i  7....  | 

12 
8 

1.702 

•:  :  i- 

211.4 

19.040.4 

39,615.2 

2.451.9 

15.9 
27.6 
476.6 

•  am  i 

19,456.4 

..  ..;  \i.   i 

i  S12   '• 

Low  Pressure  Steam   and  Other    Stationary    Heating 
Plants:     Buildings,  apartments  and  residences  

Totals  

Anth. 
Cob 
Poc. 
Bit. 

(1    I'M 

o  tat 

n    itHi 
1.171 

0 
0 
0 
0 

0 
0 
628.4 
MUM    1 

2,177.0 
92.0 
3,532.6 
1H.299.8 

694.0 
34.7 
2.384    I 

-.7-;    . 

1.467.1 
29.7 

I.  •.•._•  - 
i   MM  7 

• 
* 
83 

i7.-  g 

2.177 
92 
4.161 
19.760 

0 

tjSfs  i 

24,101.1     H.726.6    11.717,   l> 

f5&  . 

91  . 

26.180 

Gas  and  Coke  Plants  (exclusive  of  boiler  power  plants) 

(Anth. 
;  Coke 
IPoc. 
Hit. 

No  tests  made 

Furnaces  for  Metallurgical,  Manufacturing  and  Other 

i    \niti 
/Coke 
]Poc. 
(Bit. 

1.798 

1.290 
1.084 

0 

2,211.1 
0 
143.3 

105.0 
29,675.3 
105.7 
117.2 

460.0 
153,730.6 
234.3 
6.798.  S 

8.5 
1,039.5 
13.2 

i    184.1 

123.2 
20.158.0 
162.3 

:.!'•••  7 

426.1 
163,250.1 
172.1 

-M  

7.2 
1,169.4 
2.4 
39.5 

665 
188.017 
II 

-"-•" 

Steel  plants,  foundries,  forges  and  allied  processes  .  .  . 
Totals  

j  IM.4 

30,003.2 

161,223.4 

2,396.1 

23,624.2 

166.342.2 

1  .  J  1  -,    '. 

193.5M 

(Coke 

^Poc. 
(Bit. 

1.798 

1    ."HI 

16.600 

0 
0 
1.6 

1.0 
0 
192.0 

3.0 
0 

1,076.5 

0.1 
0 
3.0 

0.8 
0 
113.9 

3.0 
0 
1,118.6 

0.1 
0 
34.5 

4 
0 

-•: 

Totals  

1.6 

193.0 

!  ...7.     -, 

3.1 

114.7 

1.121.6 

34.61 

.:; 

Miscellaneous   manufacturing,    rendering  and   other 

(  Anth. 
ICoke 
Poc. 
(Bit. 

0.223 
1.798 
1.290 
1.084 

0 
0 
0 

!<    - 

0 

42.7 
1.3 
8.0 

28.0 
187.3 
2.7 
464.2 

8.4 
3.5 
0.2 
91.1 

10.6 
60.1 
1.8 
217.9 

9.0 
173.5 
2.0 
170.3 

- 

2.9 

• 

2.7 

28 

230 

4 

.-- 

Totals  

9.8 

S2.0 

t>»2.2 

103.2 

2X0  4 

354  8 

744 

Grand  Totals  

6.950.8 

.,l.njl    7 

11.824.8 

220.  1.'*   i 

4.117  4 

MMJM 

*  Less  than  o .  05  ton. 

of  combustion  a  heavy  lading  of  metallic  or 
mineral  dust.  Fires  which  are  sustained  by  coke 
and  by  fuel  gas,  as  well  as  those  which  are  sus- 
tained by  coal,  may,  upon  this  basis,  be  prolific 
producers  of  dust. 

With  this  understanding  of  the  character  of 
solids  in  smoke,  it  is  obvious  that  the  elimination 
of  solid  fuels  from  the  Area  of  Investigation  would 
not  in  itself  suffice  to  eliminate  the  solid  constit- 
uents of  smoke.  In  this  case,  however,  the  dust 
discharges  in  Chicago  would  be  strongly  localized, 
chiefly  in  the  southern  portion  of  the  city. 

From  the  facts  of  record  it  is  possible  to  formu- 
late an  estimate  of  the  amount  of  solids  in  the 
smoke  of  the  city  of  Chicago  which  are  not  of  fuel 


origin.  Thus,  it  may  be  assumed  that  the  solids 
in  smoke  arising  frotn  the  high  pressure  steam 
boiler  service  of  the  city  are  entirely  of  fuel  origin, 
and  the  relation  of  the  solids  in  the  smoke  of  such 
fires  to  the  weight  of  fuel  burned  has  been  deter- 
mined (section  105.26).  The  solids  thus  deter- 
mined are  made  up  in  part  of  combustible  material 
and  in  part  of  non-combustible  material,  and  the 
relation  between  the  two  has  been  established 
(section  105.30). 

In  the  study  of  the  solids  in  smoke  from  metal- 
lurgical fires,  similar  information  has  been  ob- 
tained; that  is,  the  amounts  of  combustible  and 
non-combustible  solids  in  the  smoke  have  been 
found.  If  it  is  assumed  that  the  non-combustible 
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TABLE  XCVI. 


TOTAL  AMOUNTS  OF  SOLID  CONSTITUENTS  OF  SMOKE  OF  DIFFERENT  SERVICES  IN  ZONE  B 

FOR  THE  YEAR  1912 


Service 

Kind 
of 
Fuel 

Emission 
Factors 
Total  Solids 
In  Per  Cent 
of 
Fuel  Burned 

Solid  Constituents  of  Smoke  —  Tons 

Total 
Weight 
of 
Solids 

By  Physical  Analyses 

By  Chemical  Analyses 

Coarse 
Cinders 

Fine 
Cinders 

Fuel 
Dust 

Hydro- 

<  ':irl..'l]~ 

(Tar) 

Combus- 
tible 
Solids 
(Carbon) 

Mineral 
Matter 
(Ash) 

Sulphur 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Steam  Locomotives: 
Yard                                          

(Poc. 
(Bit. 
Bit. 
Poo. 
Bit. 
Poc. 
Bit. 
(Poc. 
(Bit. 
Bit. 
Bit. 

1.778 
0.471 

a.  ota 

1.470 
.1  Ml 

1.778 
0.471 
3.116 
3.116 

a  MM 

0.471 

0 
119.3 
693.1 
0 
38.7 
0 
0.1 
0 
478.9 
372.0 
20.9 

0 

536.9 
2,127.1 
0 
134.9 
0 
0.4 
0 
1,251.2 
855.0 
94.0 

0 

822.8 
420.8 
0 
278.4 
0 
0.5 
0 
248.9 
167.0 
144.1 

0 
9.5 
20.7 
0 
2.5 
0 

* 

0 
8.9 
5.4 

1.7 

0 
580.9 
1,955.4 
0 
197.3 
0 
0.4 
0 
1,213.7 
910.8 
101.7 

0 

847.8 
1,182.6 
0 
242.2 
0 
0.6 
0 
709.5 
445.0 
148.5 

0 

40.8 
82.3 
0 
10.0 
0 
* 

0 

46.9 
32.8 
7.1 

0 
1,479 
3,241 
0 
452 
0 
1 
0 
1,979 
1,394 
259 

Road  freight    '.  

Totals  

1.7J:i  ii 

4,999.5 

2,082.5 

48.7 

4.960.2 

:i.:.7ti  J 

219.9 

OH 

Steam  Vessels: 

(Anth. 
Poc. 
I  Bit. 
(Poc. 
I  Bit. 
Bit. 

0.223 

J.,M 
JJJ 

.290 
.222 

JJJ 

0 
0 
7.3 
0 
1.0 
0.0 
9  3 

0 
0.9 
52.2 
0.3 
6.9 
5.9 
66  2 

* 
2.1 
45.6 
0.7 
6.1 
6.2 
".'i  i  , 

* 
0.1 
2.8 

0.4 
0.3 
3  6 

* 
1.4 
53.8 

* 

7.2 
6.1 

* 
1.5 
47.8 
0.5 
6.3 
5.6 

* 
* 

0.6 

* 

0.1 
0.1 

0  s 

* 

3 
105 
1 
14 
12 

High  Pressure  Steam    Stationary  Power   and   Heating 
Plants:    Public  service,   municipal,  steam    railroad, 
office  buildings,  hotels,  schools  and  manufacturing.  .  . 

Totota  

\i,ii. 
ICoke 
Poc. 
(Bit 

ii   223 

0     _,_..; 
II     .,(•. 

0.811 

0 
0 
0 
54.4 

0 
0 
16.7 

4.830.0 

0 
1.0 
79.3 

•...Ml    .. 

0 
0.3 
3.0 

.'.17  n 

0 
0.4 
39.7 

I.Siill     1 

0 
0.3 
50.3 
8,824.8 

0 

* 
3.0 

4ri.-t.ti 

0 

96 

14,726 

54.4 

4,846.7 

'..'..Jl    i. 

m  .s 

4.S7II.J 

gjjjTO 

456.6 

H..SJ:I 

Low  Pressure   Steam    and    Other  Stationary    Heating 

••   \.,il, 
Oak* 
Kt 
(Bit. 

0.138 
0.223 
0.490 

1     171 

0 
0 
0 
0 

0 
0 
30.0 
210.0 

wr.e 

31.0 
169.0 

2£M  'i 

1.9 
9.3 
22.7 
898.9 

85.2 
11.7 
109.3 

1,260.1 

179.9 
10.0 
66.6 

i;:ci  ii 

* 
* 
0.4 
68.4 

267 
31 

199 

J.XMI 

ToUto  

0 

240.0 

3,117.0 

932  8 

1,466.3 

SMI      1 

68.8 

3,357 

Gas  and  Coke  Plant*  (exclusive  of  boiler  power  plants) 

(Anth. 
Cob 

\P<x. 
(Bit. 

No  tests  made 

Furnaces  for  Metallurgical,  Manufacturing  and  Other 

(Anth. 

!-..,, 

}Poc. 

(flit. 

1.708 

,.  in 

1     L"Jtl 

1.084 

0 
229.0 
0 
48.2 

2.0 
3,074.0 
0.6 
39.4 

8.0 
15,925.0 
1.4 
2.285.4 

0.2 
107.7 
0.1 

448.7 

2.2 

2,088.2 
0.9 
1.072.6 

7.5 
16,911.0 
1.0 

K.'ts  4 

0.1 
121.1 

* 

13.3 

10 

l:.,JJ-> 
2 
2.373 

Steel  plants,  foundries,  forges  and  allied  processes  .  .  . 
Totals  

J77   J 

3.116.0 

18,219  .8 

556.7 

On  •.. 

17.757.9 

134.5 

21,613 

(Coke 
Poc. 
(Bit. 

1.798 
1.290 
15.660 

0 
0 
5.8 

5  4 
1.0 
727.4 

23.6 
2.0 
4.073.1 

0.4 
0.1 
11.5 

6.3 
1.4 
431.1 

21.9 
1.5 
4,232.6 

0.4 

* 

i:tn  s 

29 
3 

.(.Sllli 

Totals  

733.8 

I.e."*    7 

12.0 

438.8 

I.JMI    II 

i:u   i' 

SJS8 

Miscellaneous    manufacturing,  rendering  and    other 

(  Anth. 
ICoke 

'iPoc. 
Bit. 

0  223 
1.798 
1.290 

0 
0 
0 
0.3 

0 
3.4 
0 
0.3 

* 
14  6 
'i 
17  4 

* 
03 
0 
34 

* 
3.9 
0 
8.1 

* 

13.  A 
0 
6.4 

* 
0.2 
0 
0.1 

* 

18 

0 
18 

Totata  

;  "M 

0.3 

3.7 

-;j  ii 

3.7 

12.0 

20.0 

0.3 

36 

Grand  Totals  

14.1X15.  !l 

;7  ',:(]    -. 

2.177  8 

14.980  4 

35,436.7 

1.012.1 

M.IMI7 

*  Leu  than  0.05  ton. 

solids  of  fuel  origin  in  smoke  of  metallurgical  fur- 
naces bear  the  same  relation  to  the  combustible 
solids  as  the  non-combustible  solids  of  fuel  origin 
in  high  pressure  steam  boiler  plants  bear  to  the 
combustible  solids,  it  is  possible  to  account  for 
the  total  solids  in  the  smoke  of  metallurgical 
furnaces  which  are  of  fuel  origin.  The  remainder 
of  the  solids  in  the  smoke  of  such  furnaces  must 
be  of  non-fuel  origin. 

An  application  of  this  process  to  the  facts  of 
record  gives  results  showing  that,  in  the  aggregate, 
the  amount  of  non-fuel  dust  in  smoke  from  metal- 
lurgical and  other  industrial  fires  is  approximately 
41  per  cent  of  the  total  amount  of  solids  emitted 
by  all  fires  in  the  city  of  Chicago.  A  further 


interpretation  of  this  fact  is  presented  in   the 
following: 

TONS  PER 
ANNUM 

Total  solid  constituents  of  smoke  from  all  fuel  consum- 
ing services 304,391 

Non-fuel  solid  constituents  of  smoke  from  steel  plants, 
foundries,  forges  and  allied  processes     .      123,955 

Non-fuel  solid  constituents  of  smoke  from  brick 

and  pottery  plants  and  allied  processes     .         923 

Total  solid  constituents  of  smoke  of  non-fuel  

origin 124,878 

Total  solid  constituents  of  smoke  of  fuel  origin     .     .    179,513 

105.32  Solids  in  Smoke  as  Influenced  by 
Furnace  Conditions :  The  amount  and  character 
of  the  solid  constituents  of  smoke,  so  far  as  they 
are  of  fuel  origin,  are  functions  of  furnace  condi- 


SMOKE 


TABLE  XCVII.     TOTAL  AMOUNTS  OF  SOLID  CONSTITUENTS  OF  SMOKE  OF  DIFFERENT  8RRVICE8  IN  ZONES  A  AND  B 

FOR  THE  YKAR    ,.„, 


Swrict 

Km.l 

of 

Fuel 

AvMon 
Factor* 

In  P»r  Cm 
o( 

Fuel  Huron! 

MU  OojUliiHi  *  •—  t»-T«». 

H)    I'',.,,.    ,     \... 

Bjr  Ch.mlr.1  AMlytw 

if 

OtHM 

cQtn 

!.    , 

(T«T) 

i     ...     . 
UM. 
,. 
(Carbon) 

Miami 
M.ti-r 

(A.h) 

1 

2 

1 

4 

a 

• 

- 

• 

0 

10 

n 

Steam  Locomotives: 
Yard  . 

IK 
Si. 

Bit. 

1-  .. 
Bit. 
fa 
Bit. 
Bit. 
li.. 

1.778 

ii    471 
1.641 
1.470 
0    Ml 
1.778 
0.471 
.1   in. 

a.  ne 

:   m 

IP    171 

18  0 

KM   . 

28 
Ms     1 
08 
7.9 

m  4 

1.793.4 

I.-.7  ,  Q 
08.9 

11.  Ml 

i  X     • 

11.9 
514.9 
4.4 
35.4 

\~> 
i  Ml  i 
4.537.M 
4443 

-  .    i 
:  Ml   I 

•    ; 

......    . 

11.0 
53  7 
9.6 
932.2 
Ml  j 
081  3 

1.1 

40  4 
43  7 
02 
Q.I 

• 

00 

i)  :< 
i;    . 
•    - 
7.0 

214  3 

4.124  9 
27.9 
753.4 
8.4 
38.1 
40  7 
ii.   I 
IJM.J 

180 

3.AI9 
2.494 
15 
924 

M! 

-•   «  : 
7O2 

i  - 

174  2 
17.1   r, 
0.6 
38  2 
02 
27 
I.M 
176.0 
173.0 
MX 

410 

B.9I4 

-     ' 
II 
1.72*1 
Id 
•7 
70 
:  i:  : 

K226 

Road  freight  

Passenger  transfer  

Locomotive  terminals  

ToUU  

H.IMI  -i 

17.171   1 

-   .11'.    1, 

I,.:,  , 

17.5M.O 

I  i.ii.-.-. 

77'.     '. 

31.556 

!  8  t<*»m  Vessels: 
Tugs  and  Lighters  

Anth. 
Poc. 
Bit. 
Poc. 
Bit. 
Bit 

0.223 
290 
222 
.290 
222 
.232 

0 
0 
33.9 
0 
8.9 
31.2 

0 
15.9 
241.9 
5.1 
83.5 
222.4 

• 
35   1 
211.2 
10.9 
56.6 
I'll    I 

• 
2.0 
12.8 
00 
3.4 

11.7 

• 
22.9 
249  5 
7.2 
06.0 

m  i 

• 
25. 
221. 
8. 

68. 

.•in 

• 
0.3 
3.1 
0.1 
0.8 
S.» 

• 
51 
487 

M 

128 

448 

Lake  steamers  and  barges  

ToUla  

74.0 

548.8 

•-.7    .' 

III  -. 

574.7 

M7   .. 

1.1 

1    1  "... 

High  Pressure  Steam  Stationary  Power  and   Heating 
Plants:    Public    service,    municipal,    steam  railroad, 
office  buildings,  hotels,  schools  and  manufacturing.  . 

Totals  .'  

.   \i.th 
J  Coke 

Pa 

.   H,i 

n  J.'i 
0  223 
0.649 

i.    Ml 

0 
0 
0 
MM 

0 
0 
313.0 

J  ',-.71   1 

12.0 
6.0 
1.485.0 

l-ini    1 

1  I, 

1.7 
55  4 

1.01  1    5 

4.6 

2.3 
745.2 

23  '.71   .. 

3.0 

2.0 
942  0 

i  ;  "7i    i 

• 
• 
65.4 

tjm  - 

12 
0 
:  IM 

-:   -71 

262.8 

23,887.1 

19.537    1 

3.072   -• 

.•1    :.'..  ., 

n  023  0 

73.WO 

Low  Pressure  Steam   and   Other   Stationary    Heating 

.     \r.!l, 

JCoke 
IPoc. 
(Bit. 

N     1.1- 

N  -'j:< 
0.490 

i.m 

0 
0 
0 
0 

0 
0 
M|  i 

i  ! 

-Mil   n 
123.0 
3.701.6 
20.949  5 

17   - 
36  9 
1--    ; 
7.100  3 

770  _• 
46  4 
1    M   7 

9.B62  0 

1  '.17   n 
39.7 

!  in  . 

•...M  ; 

• 
• 

8.7 

MM   i 

2.444 
123 
4.300 
22.610 

ToUta  

0 

1  I16M 

I'T.JI-    1 

7.650.3 

1  i   IM     i 

S.147.3 

M  .   : 

29.537 

Gas  and  Coke  Plants  (exclusive  of  boiler  power  plants) 

(  A  n  lh 
ICoke 
IPoc. 
(Bit. 

No  te*Umad« 

Furnaces  for  Metallurgical,  Manufacturing  and  Other 
Processes  (exclusive  of    boiler  power  plants)  :  
Steel  plants,  foundries,  forges  and  allied  processes.  .  . 
Totals  

!Anlli 
Coke 
Poc. 
Bit. 

i  7M 
6.380 
1.290 

1    MM 

0 
2.440  1 
0 
191.5 

107.0 

I2.74S  : 
106.3 

r.,.  ,. 

468.0 

1,  ...„-,•... 
-•:-.  7 
9.083.9 

8.7 
1.147.2 
13.3 

i  7v;  .. 

125.4 

n  w  i 

1  '.  :   I 

1  H  : 

433.0 

180,161.1 
173.1 

3.332.3 

7.3 

'  H  .   1 
2.4 

••-'   - 

575 
204.845 
342 
9.432 

2.631.6 

33.119.2 

17'Ml.i  J 

_••.  7^    ! 

IM  101    ; 

1    t.-,  i  n 

jr.  !"i 

(Coke 
Poc. 

i    11:1 

1    7!H 
1.290 

is.  am 

0 
0 
7.0 

6.4 
1.0 
919.4 

20.0 
2.0 

5,1  !'••. 

0.6 
0.1 
14.6 

7.1 
1.4 

M.  0 

24.9 
1.6 

••   .'.:  - 

0.8 

• 

105.3 

M 

0.070 

Totals  

7.0 

926.8 

5.17N  -' 

16.1 

V.     '. 

.    .77  . 

:•  .-.  - 

6.112 

Miscellaneous  manufacturing,    rendering  and  other 

f  Anth. 

I  Coke 
}Poc. 
[),l 

1     7!l> 

1   290 
1.084 

0 
0 
0 
10.1 

0 
46.1 
1.3 
8.3 

m  i 

2.7 

IM   1 

8.4 
3.8 
0.2 

•.i    -. 

Ill  .. 
54.0 
1.8 

9.0 
187.1 
2.0 
170.7 

» 

3.1 

• 

2.8 

SB 
-i- 

500 

Total*  

10.1 

55.7 

711  -• 

!,,,,    ., 

_"U      1 

.71   - 

5.9 

780 

Grand  Totals   

•i.u.'ii   i 

7-  OH  . 

ll.iHrj  r. 

83.271    J 

.•-.-,   ••!  ; 

357.998 

•Leo  than  0.05  ton. 

tions.  A  strong  draft  carries  away  any  material 
which  lies  in  its  course  and  is  sufficiently  light  to 
be  borne  on  its  current.  The  path  of  the  solids 
is  that  which  is  followed  by  the  currents  of  air 
and  gases;  these  currents  enter  the  furnace 
through  the  bed  of  fire  and,  passing  along  the 
flameway,  enter  by  whatsoever  channel  may  be 
provided  into  the  smoke-stack,  from  which  they 
pass  on  to  the  atmosphere.  A  weak  draft,  such 
as  that  which  normally  prevails  in  connection 
with  domestic  fires,  implies  fine  dust  particles  and 
soot  flakes  only  in  the  smoke,  whereas  a  strong 
draft,  such  as  that  which  commonly  prevails  in 
boiler  plants  served  by  lofty  chimneys  and  in 
6 


steam  locomotives,  implies  the  discharge  of  solid 
particles  of  considerable  size.- 

Changes  in  the  rate  of  combustion  produce 
changes  in  the  temperature  of  the  fire,  and  changes 
in  furnace  temperatures  effect  changes  in  the 
character  of  the  solids  in  smoke.  Under  normal 
conditions,  low  draft  values  imply  low  rates  of 
combustion,  low  furnace  temperatures  and  solids 
in  smoke  consisting  largely  of  particles  condensed 
from  distillates  driven  out  of  the  freshly  applied 
fuels  while  in  the  process  of  being  heated  to  the 
point  of  ignition.  The  solids  include  also  very 
fine  particles  originating  in  the  fuel,  and  its  ash. 
which  are  sufficiently  light  to  be  borne  away  upon 
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the  current  of  the  feeble  draft.  It  is  an  inter- 
esting fact,  as  disclosed  by  the  results .  of  the 
Committee's  investigations,  that,  while  the  indi- 
vidual particles  discharged  from  fires  of  low  tem- 
perature may  be  small,  the  percentage  of  the  coal 
burned  which  is  represented  by  the  hydrocarbons 
and  soot  passing  off  with  the  smoke  is  relative- 
ly high.  It  is  because  of  this  high  percentage 
of  hydrocarbons  that  the  solid  constituents  of 
smoke  emitted  from  fires  'of  low  temperature 
constitute  an  important  factor  in  the  total 
pollution  of  the  atmosphere  of  a  city.  While 
the  emissions  from  an  individual  fire  may  be 
small,  the  number  of  such  fires  is  large  and  the 
aggregate  of  solids  discharged  is  correspondingly 
great. 

High  rates  of  combustion  imply  high  furnace 
temperatures  and  smoke  low  in  hydrocarbons  and 
relatively  free  from  soot.  Solids  from  such  fires 
include  particles  of  partially  consumed  fuel  which, 
in  the  processes  of  the  furnace,  are  exposed  to  the 
action  of  a  draft  too  strong  to  permit  them  to 
retain  their  place  on  the  firebed.  They  include 
particles  of  fine  ash  which  are  readily  caught  up 
and  carried  away,  also  spherical  slag  particles 
picked  up  from  the  firebed  in  a  liquid  state  and 
solidified  as  they  pass  on  their  course  into  the 
atmosphere.  The  solid  constituents  of  Illinois 
coal,  when  this  coal  is  consumed  in  fires  of  high 
temperature,  yield  a  considerable  percentage 
of  these  spherical  slag  particles,  varying  in  size 
from  those  which  are  almost  microscopic  to  others 
approaching  one-eighth  of  an  inch  in  diameter. 
All  such  particles  have  a  honeycomb  structure 
and,  when  crushed  under  foot  or  by  traffic  in  the 
streets,  yield  a  fine  powder  which  is  easily  borne 
away  upon  the  wind. 

ioS-33  Fuel  Value  of  the  Solid  Constituents 
Emitted  in  Smoke:  The  solid  constituents  in 
smoke  include  both  combustible  and  non-com- 
bustible materials.  Only  those  which  are  com- 

TABLE  XCVIII.     COAL  EQUIVALENT  OF  THE  SOLID  CONSTITU- 
ENTS OF  SMOKE 
ZONE  A 


bustible  have  fuel  value.  The  loss  of  combustible 
material  due  to  smoke  is  very  low.  It  has,  how- 
ever, a  detrimental  effect  on  the  economy  of  the 
boiler  through  the  deposition  of  insulating  parti- 
cles on  the  heat  absorbing  surfaces.  The  loss  due 
to  this  has  in  many  cases  been  considerable.  The 
actual  fuel  loss  occurring  in  the  several  fuel  con- 
suming services,  as  determined  by  the  researches 
of  the  Committee  for  the  year  1912,  in  no  case 
equals  i.o  per  cent  of  the  total  fuel  value  of 
the  coal  fired.  A  more  detailed  statement  of 
the  extent  of  such  fuel  losses  is  set  forth  by 
table  XCVIII. 

105.34  Solids  in  Smoke  are  not  Eliminated 
when  the  Smoke  Discharge  is  made  Invisible: 
An  important  fact  clearly  defined  by  the  investi- 
gations of  the  Committee,  the  significance  of 
which  has  not  before  been  generally  appreciated, 
concerns  the  omnipresence  of  solids  in  smoke 
discharges.  As  shown  in  the  preceding  sections, 
the  quantity  and  character  of  the  solids  in  smoke 
may  vary  greatly,  but  smoke  arising  from  solid 
fuels  is  never  free  from  such  solids.  Again,  the 
amount  of  solids  discharged  has  no  direct  relation 
to  visibility.  A  stack  may  appear  smokeless  to 
the  eye  and  yet  be  the  source  of  a  heavy  dis- 
charge of  fuel  dust.  The  adoption  of  anthracite 
coal  or  of  coke  as  a  fuel  will  serve  to  make  stack 
discharges  invisible  but  will  not  eliminate  the 

TABLE  XCIX.     DENSITY  AND  SOLID  CONSTITUENTS  OF  SMOKE. 

AS  DETERMINED  PROM  TESTS  OF  TYPICAL 

STATIONARY  PLANTS 


Service 

Coal  Equivalent  —  Tons 

Per  Cent 
of 
Fuel  Fired 

Tar 

Carbon 

Sulphur 

Total 

1 

2 

3 

4 

5 

6 

Steam  locomotives.  . 

162.2 
37.2 
,  3,394.9 
9,313.5 
3,464.8 

14,145.0 
567.6 
21,851.6 
13,157.2 
26,976.4 

193.8 
2.2 
627.5 
166.3 
435.8 

14,501 
607 

L>.-..S7.| 
22,637 
30,877 

0.69 
0.75 
0.35 
0.54 

II    M 

High  pressure  plants 
Low  pressure  plants. 
Gas  and  coke  plants. 

Totals  

16.372  6 

7fi,697.8 

1,425.6 

94.496 

0.54 

Te»t 
No. 

Service 

Kind  of  Fuel 

Smoke 
Density 
Per  Cent 

Solids  in 
Per  Cent 
of 
Fuel  Fired 

1 

a 

8 

4 

6 

103 

LiOw  pressure 

Anthracite 

0.00 

0.118 

104 
110 

.. 

Pocahontas 

0.00 
0.00 

0.157 
2.630 

112 

II                            M 

M 

0.00 

0.378 

87 
99 
15 

High  pressure 
Low  pressure 
High  pressure 

Bituminous 
Pocahontas 
Bituminous 

0.30 
0.43 
0.58 

0.518 
0.246 
0.400 

a 

•*             (i 

m 

0.66 

n  :,:iii 

86 

0.67 

0.297 

115 

Pocahontas 

0.76 

0.587 

4 

•i             ii 

Bituminous 

0.89 

0.840 

18 

ii 

0.94 

0.363 

88 

1.38 

0.640 

98 

Low  pressure 

Pocahontas 

1.72 

0.400 

116 

High  pressure 

44 

1.75 

0.715 

9 

•              •< 

Bituminous 

3.15      i 

0.444 

12 

'               " 

44 

3.68 

0.362 

89 

1                               II 

44 

4.29 

0     .'.I,- 

8 

I                               II 

44 

6.26 

2.460 

33 

1                               M 

44 

6.77 

II    MLS 

6 

1                               II 

44 

6.88 

II    L'DI) 

5 

*                                 ' 

44 

9.62 

0.150 

7 

1 

44 

12.00 

1.070 

1 

*                               ' 

14 

13.85 

1.490 

10 

'                               * 

44 

-  

1.110 

17 

*                               1 

44 

20.00 

0.753 

3 

*                               * 

41 

21.97 

ii  ,s:;u 

66 

*                               ' 

|| 

28.31 

1.390 

65 

*                              * 

" 

-•'i  .MI 
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dust  discharge.     Certain  facts  showing  the  per- 
sistence of  the  solid  constituents  of  smoke  in 
.s  exhibiting  many  grades  of  visible  smoke 
are  set  forth  by  table  XCIX. 

GASEOUS  CONSTITUENTS  OF  SMOKK 

105-35  Tne  Origin  of  Gases  in  Smoke:  The 
gaseous  constituents  of  smoke  normally  include 
compounds  of  carbon  and  sulphur  which  originate 
in  the  combustion  of  fuel,  the  component  gases 
of  air  and  other  normal  gases  the  volume  of  which 
is  small  and,  for  present  purposes,  negligible. 
The  air  supplies  the  oxygen  necessary  to  combus- 
tion, but,  because  of  the  imperfect  mixing  of 
gases,  it  is  generally  supplied  in  greater  amounts 
than  can  be  absorbed  in  the  processes  of  the 
furnace.  As  a  consequence  some  oxygen  com- 
monly appears  in  smoke.  The  air  also  sup- 
plies nitrogen,  which  has  no  part  in  the  process 
of  combustion.  Included  with  the  gases  resulting 
from  the  combustion  of  fuel  may  be  found,  in 
the  case  of  smoke  of  industries,  a  great  array  of 
gases  such  as  may  arise  from  the  treatment  of 
materials  of  many  descriptions  by  the  applica- 
tion of  heat.  It  is  the  purpose  of  this  chapter  to 
set  forth  the  results  of  an  investigation  which 
has  been  made  for  the  purpose  of  determining 
the  characteristics  of  the  more  important  gases 
in  smoke  and  the  extent  to  which  they  are 
produced  by  the  several  services  in  which  fuel 
is  used. 

105.36  Gases  Included  in  the  Discharge  from 
Chimneys  and  Smoke-Stacks :  The  gaseous  prod- 
ucts of  combustion  which  are  to  be  regarded  as 
most  important  in  atmospheric  pollution  are: 

Carbon  dioxid  (CCh). 
Carbon  monoxid  (CO). 
Sulphur  trioxid  (SOs). 
Sulphur  dioxid  (SOa). 

Other  important  gases  present  in  the  discharges 
from  chimneys  and  stacks  are  oxygen  and  nitro- 
gen which,  in  combination,  form  air.  Owing  to 
the  fact  that  part  of  the  oxygen  present  in  the 
air  which  passes  into  the  furnace  is  combined 
with  other  elements  in  the  formation  of  gaseous 
compounds,  only  a  part  of  the  air  present  in  stack 
discharges  has  its  normal  content  of  oxygen. 
For  this  reason  determination  was  made  to  dis- 
close the  volume  of  air  and  the  volume  of  nitrogen 
present  in  the  smoke  discharges,  in  addition  to 


tin-  volume  of  each  of  the  several  gaseous  com- 
pounds resulting  from  combustion. 

The  compounds  of  carbon  and  sulphur  found 
in  smoke  have  their  origin  in  that  portion  of  the 
carbon  and  sulphur  in  the  fuel  which  is  converted 
into  gaseous  form  by  the  process  of  combustion. 
They  comprise  by  weight  an  average  of  approxi- 
mately 96  per  cent  of  all  the  products  of  combus- 
tion which  are  constituents  of  smoke,  and  the 
carbon  and  sulphur  content  of  the  fuel  from  which 
they  originate  comprises  from  50  to  90  per  cent 
of  the  total  weight  of  the  fuel  consumed. 

Carbon  dioxid,  being  heavier  than  air,  possesses 
a  tendency  to  settle  near  the  surface  of  the  earth. 
When  combined  with  water  it  is  corrosive.  Its 
effect  upon  the  atmosphere  is  chiefly  that  of  a 
diluting  agency. 

Carbon  monoxid  is  colorless  and  inodorous. 
It  is  slightly  lighter  than  air  and  therefore  pos- 
sesses a  tendency  to  rise  from  the  surface  of  the 
earth.  It  is  not  present  in  sufficient  quantities 
to  constitute  an  objectionable  source  of  atmos- 
pheric pollution. 

Sulphur  trioxid  when  introduced  into  the  atmos- 
phere is  deliquescent  and  is  violently  suffocating. 
It  is  heavier  than  air  and  tends  to  settle  near 
the  earth.  In  the  atmosphere,  it  readily  changes 
to  sulphuric  acid  when  combined  with  moisture. 
As  sulphuric  acid,  it  is  corrosive  to  iron  and 
steel,  and  injurious  to  vegetation  and  building 
materials. 

Sulphur  dioxid  has  a  pungent  and  stifling  odor. 
It  is  heavier  than  air  and  tends  to  remain  near 
the  earth.  After  emission  into  the  atmosphere, 
it  gradually  oxidizes  to  sulphur  trioxid  which,  in 
contact  with  moisture,  becomes  sulphuric  acid. 
The  rate  of  change  from  sulphur  dioxid  to  sul- 
phuric acid  depends  upon  atmospheric  conditions, 
and  the  gas  may  be  carried  long  distances  from  its 
point  of  emission  before  the  change  is  completed. 

It  will  be  hereinafter  shown  (chapter  113),  from 
analyses  of  samples  of  air  taken  at  various  points 
throughout  the  city  of  Chicago,  that  those  gases 
which  are  important  constituents  of  samples 
taken  from  smoke-stacks  are  readily  diffused 
upon  entering  the  atmosphere.  Their  volume 
is  large  but  so,  also,  is  the  capacity  of  the  at- 
mosphere for  absorbing  them,  and  as  polluting 
agencies  their  effects  are  relatively  slight.  The 
discussion  which  follows  is  justified  chiefly  on 
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account  of  the  popular  interest  in  this  subject. 
Information  concerning  the  gases  contained  in 
smoke  has  been  derived  from  two  series  of  investi- 
gations involving : 

1.  Analyses  of  samples    of    flue-gases    taken 
from  the  smoke-stack  of  a  locomotive  on  a  test- 
ing plant,  from  smoke-stacks  of  steam  vessels 
and   from   the   stacks   of   stationary   plants  in 
various  services  throughout  the  Area  of  Investi- 
gation. 

2.  Analyses  of  representative  samples  of  the 
fuels  burned  in  various  services. 

By  these  processes,  the  volume  of  each  gas 
and  the  relation  between  the  gases  and  the  fuel 
consumed  were  determined. 

105.37  Determinations  with  Reference  to  the 
Gaseous  Constituents  of  Steam  Locomotive 
Smoke :  Information  relating  to  the  gases  emitted 
in  locomotive  smoke  was  obtained  from  analyses 
made  of  samples  of  smoke  in  connection  with 
the  laboratory  testa  of  a  locomotive  at  Altoona, 
Pa.  (section  105.24). 

The  amounts  of  carbon  dioxid  and  carbon 
monoxid  in  locomotive  smoke  were  determined 
by  testing  samples  of  flue-gas  taken  continuously 
from  the  smoke-box  of  the  locomotive  by  means 
of  a  special  smoke  sampling  device.  The  samples 
were  analyzed  according  to  the  volumetric  method 
usually  employed  for  flue-gas  analysis. 

Samples  of  gases  used  to  determine  the  amounts 
of  sulphur  trioxid  and  sulphur  dioxid  contained 
in  locomotive  smoke  were  drawn  from  a  point 
near  the  top  of  the  smoke-stack.  The  apparatus 
employed  for  this  purpose  was  similar  to  that 
illustrated  by  fig.  25.  It  consisted  of  an  intake 
pipe  covered  with  a  screen  which  intercepted  the 
cinders,  a  series  of  six  bottles  containing  water 
and  chemical  solutions  through  which  passed  the 
gases  to  be  analyzed,  a  gas  meter,  a  thermometer, 
a  manometer,  and  a  steam  aspirator  which  induced 
the  flow  of  the  gases  through  the  apparatus.  The 
sulphur  trioxid,  in  the  sample  thus  obtained,  was 
changed  to  sulphuric  acid  upon  coming  in  contact 
with  water  contained  in  the  first  bottle  and  was 
retained  by  the  water.  The  sulphur  dioxid  con- 
tent, which  is  not  affected  by  water,  passed  with 
the  remaining  gases  through  three  solutions  of 
iodine  and  was  thereby  oxidized  to  sulphur  trioxid, 
which  in  turn  was  changed  to  sulphuric  acid  and 
retained  by  the  water  in  the  iodine  solutions. 


The  fifth  and  sixth  solutions  were  used  for  pur- 
poses incident  to  the  operation  of  the  apparatus. 
The  volume  of  the  gases  was  accurately  deter- 
mined by  meter  after  passing  through  the  solu- 
tions. Analyses  of  the  contents  of  the  several 
solutions  in  which  the  two  sulphur  gases  were 
retained  served  to  disclose  the  percentage  by 
volume  of  sulphur  trioxid  and  sulphur  dioxid. 

The  relation  between  the  sulphur  and  the 
carbon  in  the  gaseous  constituents  of  smoke  was 
established  as  a  result  of  analyses  of  samples 
obtained  in  each  test. 

A  determination  of  the  total  weight  of  carbon 
contained  in  the  coal  used  was  based  upon  ultimate 
analyses  of  the  coal.  From  the  weight  of  car- 
bon thus  determined  were  deducted  the  weight 
of  the  carbon  contained  in  the  materials  dis- 
charged through  the  grate  and  that  of  the  car- 
bon contained  in  the  solid  constituents  of  smoke 
discharged  through  the  stack.  The  remainder 
represents  the  weight  of  the  carbon  contained 
in  the  flue-gases  discharged  through  the  stack. 

Values  for  the  carbon  contained  in  the  carbon 
dioxid  and  in  the  carbon  monoxid  were  deter- 
mined by  applying  the  ratios  of  the  two  gases  to 
each  other,  respectively,  to  the  weight  of  the  car- 
bon contained  in  the  flue-gases.  The  amount  of 
sulphur  contained  in  the  combined  sulphur  gases 
was  determined  by  multiplying  the  weight  of  the 
carbon  in  the  flue-gases  by  the  ratio  of  the  sul- 
phur in  the  sulphur  gases  to  the  carbon  in  the 
carbon  gases.  From  this  result  values  for  the  sul- 
phur in  the  sulphur  trioxid  and  in  the  sulphur 
dioxid  were  determined,  the  relation  between  the 
two  sulphur  gases  being  known.  These  values  in 
all  cases  represented  the  weights  of  the  com- 
ponents of  the  several  gases  which  were  con- 
tributed by  the  fuel. 

The  values  thus  obtained  from  the  tests  made 
on  the  locomotive  testing  plant  were  tabulated 
and  plotted  as  diagrams  showing  the  amount  of 
each  gas  emitted  during  the  burning  of  the  differ- 
ent coals  used,  at  the  various  rates  of  combustion 
employed.  In  plotting  the  lower  portions  of 
these  curves  it  was  assumed  that,  as  the  rate  of 
combustion  approaches  zero,  sufficient  air  enters 
the  furnace  to  supply  the  necessary  oxygen  to 
support  combustion  and  that  all  of  the  carbon 
in  the  fuel  is  emitted  in  smoke  as  carbon  dioxid. 
It  was  assumed  also  that,  as  the  rate  of  combustion 
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approaches  zero,  the  rates  of  emission  of  the  sul- 
phur gases  do  not  change  from  the  values  obtained 
at  the  minimum  rate  of  combustion  (about  35 
pounds  per  square  foot  of  grate  surface  per  hour) 
recorded  by  the  tests  on  the  locomotive  testing 
plant.  The  maximum  rate  of  combustion  mi- 
ployed  in  the  locomotive  laboratory  tests  exceeded 
the  average  maximum  of  those  in  any  class  of 
locomotive  service  in  the  Area  of  Investigation. 
Values  were  taken  from  these  curves  for  each  of 
the  carbon  and  sulphur  gases  corresponding  to 
different  rates  of  combustion,  from  10  to  100 
pounds  of  fuel  per  square  foot  of  grate  surface  per 
hour,  the  increase  proceeding  by  increments  of  10, 
and  these  values  were  averaged.  These  averages 
provided  a  basis  upon  which  other  diagrams  were 
plotted.  One  of  these  is  presented  as  fig.  27. 
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FUEL    FIRED     PER    SQUARE     FOOT   OF   GRATE    SURFACE 
PER  HOUR 

FIG.  27.  CARBON  DIAGRAM.  Quantities  of  Carbon 
as  Carbon  Compounds  Emitted  in  Smoke  of  Locomotives  at 
Varying  Rates  of  Combustion. 

The  rate  of  emission  for  each  of  the  several 
gases  corresponding  to  any  desired  rate  of  com- 
bustion may  be  read  directly  from  the  diagrams. 
In  order,  however,  to  apply  these  values  in  a 
determination  of  the  extent  to  which  each  class 
of  locomotive  service  contributes  to  the  produc- 
tion of  the  gases  in  smoke,  it  was  necessary  to 
determine  the  average  rate  of  combustion  for 
each  locomotive  service.  This  was  accomplished 


as  a  result  of  tests  conducted  on  locomotives  in 
service  (section  105.25).  The  data  which  was 
obtained  from  these  tests  indicate  that  the 
average  rate  of  combustion,  while  running,  for 
each  of  the  different  classes  of  locomotive  serv- 
ice is  as  follows: 

Yard: 

35.5  Ib.  per  sq.  ft.  of  grate  surface  per  hour. 
Road  freight: 

40.6  Ib.  per  sq.  ft.  of  grate  surface  per  hour. 
Freight  transfer: 

37.0  Ib.  per  sq.  ft.  of  grate  surface  per  hour. 
Passenger  transfer: 

28.0  Ib.  per  sq.  ft.  of  grate  surface  per  hour. 
Through  passenger: 

52.2  Ib.  per  sq.  ft.  of  grate  surface  per  hour. 
Suburban  passenger: 

62.7  Ib.  per  sq.  ft.  of  grate  surface  per  hour. 

It  was  assumed,  in  making  determinations 
with  reference  to  gases,  that  all  the  fuel  was 
consumed  at  the  rates  of  combustion  which 
obtained  while  running. 

By  multiplying  the  rate  of  emission  of  each  of 
the  several  gases,  corresponding  to  the  average 
rate  of  combustion  for  any  of  the  locomotive 
services  as  presented,  by  the  amount  of  fuel  con- 
sumed in  that  service,  a  value  was  obtained  which 
represented  the  amount  of  carbon  or  sulphur 
contributed  by  the  fuel  to  the  production  of  the 
gas  in  question. 

From  standard  values  relating  to  the  volume 
of  gases,  the  number  of  cubic  feet  of  gas  (at 
62  degrees  Fahrenheit  and  30  inches  mercury 
pressure)  produced  by  the  conversion  of  one 
pound  of  carbon  into  carbon  dioxid  was  deter- 
mined. This  volumetric  value,  when  multiplied 
by  the  total  weight  of  the  carbon  contributed  to 
the  production  of  carbon  dioxid  by  the  fuel  con- 
sumed in  any  service,  serves  to  indicate  the  total 
volume  of  the  carbon  dioxid  produced  by  the 
service  in  question.  From  the  analyses  of  flue- 
gases,  the  relation  between  the  carbon  dioxid  and 
each  of  the  other  gases  under  determination  was 
known,  and  by  the  use  of  such  ratios  the  volume 
of  each  of  the  other  gases  produced  in  the  service 
in  question  was  determined. 

All  the  tests  described  were  conducted  with 
Illinois  and  Indiana  bituminous  coals.  The 
results  were  considered  sufficiently  similar  to  be 
applicable,  however,  to  the  small  amount  of 
Pocahontas  coal  burned  by  locomotives  in  the 
Area  of  Investigation. 
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The  values   obtained   from  the   gas   analyses 

described,  expressed  in  cubic  feet  per  ton  of  fuel 

consumed,  are  presented  as  table  C.     The  values 

for  the  nitrogen  and  air  contained  in  the  dis- 

.  charge  from  the  smoke-stack  are  also  given. 

105.38  Gaseous  Constituents  of  Smoke  from 
Steam  Vessels  and  Stationary  Plants:  Data 
relating  to  the  gases  contained  in  smoke  arising 
from  furnaces  of  steam  vessels  and  stationary 
plants  in  the  Area  of  Investigation  were  obtained 
from  analyses  of  samples  of  smoke  procured  as 
a  result  of  the  smoke  sampling  tests  described 
in  section  105.26,  which  embrace  representative 
conditions  in  all  classes  of  service  other  than 
locomotive  service. 

The  amounts  of  carbon  dioxid  and  carbon 
monoxid  in  smoke  of  steam  vessels  and  sta- 
tionary plants  were  determined  by  analyses  of  flue- 
gases  drawn  from  the  smoke-stack  at  frequent 
intervals  during  each  smoke  sampling  test  by 


upon  coming  in  contact  with  the  water  and  with 
chemical  solutions  through  which  the  inter- 
cepted stream  is  drawn,  and  in  this  form  are 
absorbed  and  retained,  the  method  being  similar 
to  that  employed  in  analyzing  locomotive  smoke 
for  sulphur  compounds  (section  105.37).  The 
values  obtained  represent  the  percentage  by 
volume  of  sulphur  trioxid  and  sulphur  dioxid. 
The  volume  of  the  stream  of  gases  intercepted 
by  the  smoke  sampling  apparatus  was  measured 
by  meter  after  passing  through  the  solutions 
employed  in  the  sulphur  gas  determinations,  and 
the  relation  between  this  volume  and  that  of 
the  total  discharge  through  the  smoke-stack  was 
established  by  a  knowledge  of  the  relative  area 
of  the  intake  pipe  of  the  apparatus  and  that  of 
the  smoke-stack,  the  velocity  of  flow  through 
the  apparatus  being  maintained  to  correspond 
to  that  of  the  flow  through  the  smoke-stack  by 
means  of  a  regulating  device. 


TABLE  C.     VOLUME  OF  GASES  PER  TON  OP  FUEL  CONSUMED.     ALL  LOCOMOTIVE  SERVICES 


Service 

Kind 
of 

Fuel 

<  'ul.ic  Feet  (at  62°  F.  and  30  inches  mercury  pressure) 
of  Gases  Emitted  per  Ton  of  Fuel  Consumed 

Carbon 
Diorid 

OOt) 

Carbon 
Monoxid 
(CO) 

Sulphur 
Trinitl 
(8Ot) 

Sulphur 

l>i,m,l 

>(,,, 

\  ll  HIV'1   Tl 

(N) 

Total  Gases 
from 
Combustion 

Air 

Total 
Emission* 

1 

3 

3 

4 

6 

6 

7 

8 

9 

10 

Steam  Locomotives: 
Yard  

Bit. 
Bit. 
Bit. 
Bit. 
Bit. 
Kit. 

I'.H 

35.329 

.;',.'.  -:, 
.,..'..,. 
...  77:< 
M,  105 
88,741 
•.;-,.  77< 

609 

594 
603 
308 

2.SII.-, 
1,073 

(MM 

189 

!,;•! 
180 
211 
117 
134 
*211 

83 
79 
81 
90 
87 
75 
•90 

167,849 
164,728 
167.325 
168,091 
170,075 
160,978 

nesjMi 

204,055 
200,643 
203.455 
205.077 
207,589 
196.600 
*205.077 

100,505 
96.605 

!I7,!MK) 
103.310 

7.',  '.1:1.-, 
82.270 
M  03,310 

304,560 

297,248 
301.415 
308,887 

2X0,524 
L'7s>70 
-.HIS  :!S7 

Road  freight  

Passenger  transfer  

T,ornmot.ivfl  terminals                     ,  t    , 

*  Taken  from  tests  representing  equivalent  conditions. 

means  of  a  gas  analyzing  device  which  is  shown  as 
one  of  the  units  of  the  apparatus  illustrated  by 
fig.  25.  A  sample  from  the  stream  of  gases  pass- 
ing through  the  smoke-stack  may  be  intercepted 
whenever  desired  and  quickly  analyzed  by  means 
of  this  apparatus.  The  process  is  similar  to  that 
which  was  employed  in  the  laboratory  in  analyzing 
locomotive  smoke  for  carbon  gases  (section  105.37). 
The  results  indicate  the  percentage  by  volume  of 
each  of  the  carbon  gases. 

The  sulphur  trioxid  and  the  sulphur  dioxid 
contained  in  smoke  from  steam  vessels  and 
stationary  plants  were  determined  by  analyses 
of  samples  of  flue-gases  drawn  continuously  from 
the  smoke-stack  during  each  smoke  sampling 
test  by  means  of  the  apparatus  illustrated  in 
fig.  25,  the  flow  through  which  is  induced  by  a 
pump.  By  the  process  employed,  the  sulphur 
compounds  are  converted  into  sulphuric  acid 


As  a  result  of  the  volumetric  tests  described, 
the  percentage  of  the  total  volume  of  gases  dis- 
charged represented  by  each  of  the  gases  under 
determination  was  ascertained  From  the  record 
of  the  amount  of  fuel  consumed  during  each  test, 
a  relation  was  established  between  the  fuel  con- 
sumed and  the  volume  of  gases  discharged. 
Correction  was  made  for  temperature  and  pres- 
sure so  that  the  results  represent  values  at  62 
degrees  Fahrenheit  and  30  inches  mercury  pres- 
sure. Averages  of  the  results  of  all  tests  with 
similar  fuels  in  each  service  provided  a  factor 
which  could  be  applied  to  the  total  amount  of 
such  fuel  consumed  in  the  service  in  question 
to  determine  the  total  volume  of  the  several 
gases  produced. 

The  tests  described  included  all  important 
combinations  of  fuels  and  classes  of  service,  but 
did  not  embrace  a  few  cases  in  which  compara- 
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tively  small  amounts  of  certain  fuels  were  burned 
in  certain  services.  For  such  instances  values 
were  accepted  from  the  results  of  tests  conducted 
under  conditions  which  were  equivalent  or  similar. 
The  instances  in  question  were  as  follows: 

The  results  of  tests  with  anthracite  coal  burned 
under  strong  drafts  in  an  industrial  furnace  were 
considered  applicable  to  the  small  amount  of 
anthracite  coal  burned  by  steam  vessels  and  by 
high  pressure  steam  stationary  power  and  heat- 
ing plants,  and  also  to  the  small  amount  of  coke 
burned  in  high  pressure  steam  stationary  power 
and  heating  plants  and  in  low  pressure  steam 
and  other  stationary  heating  plants. 

The  results  of  tests  with  Pocahontas  coal  burned 
by  steam  vessels  were  considered  applicable  to 
Pocahontas  coal  burned  in  furnaces  for  manu- 
facturing, metallurgical  and  other  processes. 

The  results  of  tests  in  passenger  transfer  serv- 
ice were  considered  applicable  to  locomotives  at 
locomotive  terminals.  Other  adaptions  of  results 
are  indicated  in  table  CI. 

By  the  processes  described  the  volume  of  each 
of  the  carbon  and  sulphur  gases,  of  the  air  and  of 
the  nitrogen  contained  in  the  smoke  emitted  by 


each  class  of  service,  expressed  in  cubic  feet 
per  ton  of  fuel,  was  determined.  These  results, 
together  with  which  are  included  results  of 
the  locomotive  tests  (table  C)  are  presented  as 
table  CI. 

105.39  Relative  Standing  of  Different  Services 
as  Producers  of  Gases  in  Smoke :  The  product  of 
the  volumetric  values  per  ton  of  fuel,  as  set  forth 
by  tables  C  and  CI,  and  the  quantity  of  fuel 
consumed  annually  in  any  service  serves  to  dis- 
close the  total  volume  of  gases  produced  annually 
by  the  service  in  question.  The  relation  between 
the  total  volume  of  gases  emitted  in  the  smoke 
of  the  several  services  and  the  total  volume  of 
gases  from  all  services  represents  the  relative 
standing  of  the  different  services  as  producers  of 
gases  in  smoke.  Values  determined  in  this  man- 
ner for  each  service,  indicating  the  total  volume 
emitted  during  1912  of  each  of  the  gases  under 
consideration  and  the  relative  standing  of  the 
several  services,  are  presented  as  tables  CII,  CIII 
and  CIV. 

The  relative  standing  of  the  several  services 
as  producers  of  gases  in  smoke  is  shown  graphically 
by  fig.  28. 


TABLE  CI.  VOLUME  OF  GASES  PER  TON  OP  FUEL  CONSUMED.  ALL  SERVICES 


Service 

Kind 
of 
Fuel 

Cubio  Feet  (at  62°  F.  and  30  inches  mercury  prewure) 
of  Gases  Emitted  per  Ton  of  Fuel  Consumed 

Carbon 
Dioxid 
(CO,) 

Carbon 

Monoxid 
(CO) 

Sulphur 

Trioxid 

Sulphur 
Dioxid 

-".• 

Nitrogen 
(N> 

Total  Gate* 
from 
Combustion 

Air 

Total 
Emissions 

1 

2 

3 

4 

6 

0 

7 

8 

0 

10 

Steam  Locomotives: 
Yard        .  .               

Bit. 
Bit. 
Bit. 
Bit. 
Bit. 
Bit. 
Bit. 

35,329 

:;:,.»7-, 
35,266 
35.773 
34,505 
:;.:.7\  ; 
•35.773 

609 

fM 

603 
308 
2,805 
1.673 
•      308 

185 
169 
180 
211 
117 
134 
•211 

83 
70 
81 
90 
87 
75 
•  00 

167,849 
II  I  m 
167.325 
168.695 
170,075 
160.975 
•168.695 

204.055 
200,643 
203.455 
205,077 
207.580 
196.600 
•205.077 

100.505 
06.605 
07.960 
103,310 

:.•••  .  i 
82.270 
•103,310 

304.560 
297.248 
301.415 
308.387 
280.524 
278.870 
•308.387 

Locomotive  terminals  

Steam  Vessels: 

(Anth. 

{Poo. 
Hit 

•28,843 
27,251 
36.151 

•20,430 
14.190 

•    7 
72 

73 

*  84 
46 

••-. 

•190,991 
282396 
251,878 

•240.355 
336,355 
302.387 

•2,163.220 
35,47.-. 

•2.403,575 
355.580 
337.862 

Lftke  steamers  and  barges  

High  Pressure  Steam  Stationary  Power  and 
Heating  Plants:  Public  service,  municipal, 
steam   railroad,    office    buildings,    hotels, 
schools  and  manufacturing  

•    Vnth. 
jCoke 
IPoc. 
(Bit. 

•28.843 
•28.S43 
50,053 
38.446 

•20,430 
•20.430 
0 
2.768 

•     : 
•    7 
0 

•  84 
*  84 
130 

214 

•100.991 
•100,991 
807.879 
213.244 

•240   155 
•240.355  . 
258,080 
254.680 

•2,163.220 
•2.163.220 
1.029,520 
1.047.410 

•2.403.S75 
•2.403.575 
1.287.600 
1.302.090 

Low   Pressure    Steam   and   Other   Station- 
ary   Heating    Plants:     Buildings,    apart  - 

(  Anth. 
JCoke 
1  Poc. 

.    I'.ir 

36,133 
•3e%84  . 
31,508 
37.006 

6.838 
•20.430 
2.167 
5.890 

19 
•    7 
30 
19 

53 
*  84 
53 
18» 

186.625 
•190,991 

!....    ..     , 
190,690 

220.668 
•240.355 
200.263 
243>24 

1,360.140 
•2.163.220 
1,111.030 
593.320 

1.589.808 
•2.403.575 
1.311.293 

-  :  .u 

Gas  and  Coke  Plants: 

(Anth. 
JCoke 
Pa 

Hil 

No  T«u  Mad* 

Furnaces  for  Metallurgical.  Manufacturing 
and  Other  Processes:  Steel  plants,  found- 

•    Vnth 
(Coke 
s  Poc. 
Bit. 

55,123 
51.355 
•27.251 
39.055 

0 
3.275 
•26,090 
318 

6 
18 
•  7J 
4$ 

6 
28 
•  46 
00 

IM  Ml 

1S0.487 

•taajHt 

197.036 

303.176 
235,161 

•     ' 
j  ...  V.; 

1.074.800 
197.085 
•      19.225 

239.420 

1.378.066 
433,146 
•  355,580 

475.971 

(Coke 
{Poc. 
(Bit. 

•55,123 
•27.251 
48.607 

•         0 

•26.090 
2.050 

•     •• 
•  72 

u 

•  e 

•  46 

-.!-• 

•248.041 

•8KB 

•       .  178 
•336.355 
241.M4 

•1.074.890 
•      19.225 
723.400 

M.378.06* 
•    355,5*0 

....  R|4 

2.403.575 
•1,378,066 
• 
•    475.071 

Miscellaneous    manufacturing,    rendering 

Vnth 
Coke 
Poc. 

Ilii 

28.843 
•55,123 
•27,251 

20.430 
•         0 

IX 

7 
•    • 
•  72 
•  46 

M 
•    6 
*  46 
•  06 

190.991 
•248.041 
•382306 

•      .7    ..> 

240.355 
•303.176 

•     • 
•::••••••-. 

2.163.220 
•1.074.890 
•      10.225 
•   230.420 

•  Values  adapted  from  determinations  made  under  similar  conditions. 
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105.40  Summary  of  Flue-Gas  Analyses:   The 

ratio  of  the  volume  of  each  gas  to  the  total 
volume  of  the  gaseous  discharges  from  the  stack 
for  each  class  of  service,  as  disclosed  by  the  tests 
previously  described,  is  presented  as  table  CV. 

INCIDENTAL  FACTS  CONCERNING 
GASEOUS  PRODUCTS  OF  COMBUSTION 

105.41  Character  of  Fuel  and  Gaseous  Con- 
stituents of  Smoke:    Solid  fuels  vary  greatly  in 
the  amount  of  sulphur  they  contain.     The  quan- 
tity  of   sulphur   compounds   present   in   smoke 
discharges  is  a  function  of  the  amount  of  sulphur 
contained  in  the  fuel.  In  the  operation  of  fur- 
naces, sulphur  in  the  fuel  may  be  disposed  of 
in  three  ways,   namely: 

1.  By  being  precipitated  through  the  grate 
into  the  ash-pit. 

2.  By  being  discharged  into  the  atmosphere 
through   the   stack   as   a   solid   constituent  of 
smoke. 

3.  By  being  discharged  into  the  atmosphere 
through  the  stack  as  a  gaseous  compound. 

Illinois  coal,  having  a  comparatively  high  sul- 
phur content,  readily  gives  rise  to  the  gaseous 


compounds  of  sulphur  in  smoke,  while  smoke 
arising  from  the  combustion  of  eastern  coals  and 
coke,  crude  oil  or  the  low  distillates  of  oil,  con- 
tains little  or  no  sulphur. 

The  quantity  of  carbon  compounds  present 
in  stack  discharges  merely  indicates  the  de- 
gree of  activity  which  proceeds  in  the  furnace, 
since  the  combustible  base  of  all  fuels  consists 
of  carbon. 

105.42  Relation  between  Furnace  Conditions 
and  the  Gaseous  Constituents  of  Smoke:  Fur- 
nace conditions,  irrespective  of  the  character  of 
fuel,  constitute  a  factor  which  influences  the 
amount  and  character  of  the  gaseous  constituents 
of  smoke  emissions.  Other  things  being  equal, 
an  efficient  furnace  in  which  combustion  proceeds 
under  most  favorable  conditions  serves  to  convert 
all  of  the  carbon  in  the  fuel  into  carbon  dioxid 
and  the  greater  portion  of  the  sulphur  in  the  fuel 
into  gaseous  sulphur  compounds. 

The  presence  of  carbon  monoxid  gives  evidence 
of  imperfect  combustion,  due  either  to  a  deficient 
supply  of  air  or  to  the  imperfect  mixing  of  gases 
within  the  furnace. 


TABLE  CV.     SUMMARY  OF  ANALYSES  OP  GASES  EMITTED  IN  SMOKE.  ALL  SERVICES 


Service 

Kind 
of 
Fuel 

Kind  of  Gas  in  Per  Cent  of  Total 

Carbon 

Dioxid 

Carbon 

Monoiid 

Oxygen 

Nitrogen 

Sulphur 
Dioxid 

Sulphur 
Tnoxid 

Total 

1 

3 

3 

4 

6 

e 

7 

- 

•• 

Steam  Locomotives: 
Yard        

(Poc. 
{Bit. 
Bit. 
(Poc. 
(Bit. 
!Poc. 
Bit. 
Poc. 
Bit. 
Bit. 
Bit. 

•11.6 
11.6 
11.8 
•11.7 
11.7 
11.6 
11.6 
•12.3 
12.3 
12.1 

•!l    •• 

•0.2 
0.2 
0.2 
•0.2 
0.2 
•0.1 
0.1 
•1.0 
1.0 
0.6 
•0.1 

•6.8 
6.6 
6.& 
•6.5 
6.8 
•0.7 
6.7 
•5.2 
5.2 
5.0 
•67 

•81.5110 
81.5110 
81.4165 
•81.6134 
81.5134 
•81.5025 
81.5025 
•81.4273 
81.4273 
81.3230 
•81.5025 

•0.0608 
0.0008 
0.0560 
•0  0597 
0.0597 
•0.0684 
0.0684 
•0.0417 
0.0417 
0.0481 
•0  0684 

•0.0003 
0.0202 
0.0210 

•0.0278 
0.0273 
0.02M 
•0  0209 
0.0209 
•0.0291 
0.0291 
•0.0310 
0.0310 
0.0209 
•O  0291 

•100 
100 
100 
•100 
100 
•100 
100 
•100 
100 
100 

•incj 

i/oromotive  terminals  

(Anth. 
^Poc. 
(Bit. 

•1.2 

7.7 

10   7 

•0.8 
7.3 
4.2 

•18.0 
1.1 

.•   1 

•79.9062 
83.8600 
82.0503 

•0  0035 
0.0129 
0  0281 

•0  0035 
•0  OOM 

0.0108 
0  0104 

0.0033 
•0.0035 

0  0040 
0  0220 

MOO 
100 

:•• 

High  Pressure  Steam  Stationary  Power  and   Heating 
Plant*                  

iAnth. 
Coke 
Poc. 
Bit. 

•i.a 

•1.2 
3.0 

.1  0 

•0.8 
•0.8 
0 

ii  -• 

•18  0 
•18.0 
16.0 
16  1 

•79.9962 
•79.0962 
80.0885 
80.6830 

•0.0003 
•0.0003 
O.OOO7 
0.0006 

0  0012 
•0.0003 
0.0023 
0  0059 

•:•" 
•100 
100 
100 

Low  Pressure  Steam  and  Other   Stationary    Heating 

iAnth. 
Coke 
Poc. 
Bit 

2.3 
•1.2 
2.4 
4.5 

'.   I 
•O.8 
0.2 

0  ~ 

17  1 
•18.0 
16.0 

n   -• 

80  1955 
•79.9962 
80.4937 
80  5715 

100 
•100 
100 
100 

iAnth. 
Coke 
Poo. 
Bit. 

•• 
0.8 
•73 
0.1 

No  Tests  Made 

100 
100 
•100 
100 

Furnaces  for  Metallurgical,  Manufacturing  »nd  Other 
Processes:    Steel    plants,     foundries,     forges     and 

(Anth. 

,     b 
Poc. 
1  Bit. 

(Coke 

<Poc. 
(Bit. 

!Anth. 
' 
Poc. 
Bit 

4.0 

11.9 

•7.7 
8.2 

18.6 
0.1 
•1.1 
10.1 

80.3992 
78.1898 
•83.8609 
81.5701 

0.0004 
0.0042 
•O.0202 

0  00»7 

0.0004 

o.ooon 

•0.0129 
0.02O2 

'II! 

•7.7 
8.0 

•    0 
•7.3 
0.3 

•15.6 
•1.1 

r.  n 

•80.3902 

•-     ,,.,., 

79.6420 

•0.0004 
•0.0302 
0.0043 

•0  0004 
•0.0129 

ii   I«3I 

.    OQ35 

•0.0004 
•0.0129 

- 

•100 
•100 

• 

Miscellaneous    manufacturing,    rendering    and    other 

1.9 
•40 
•7.7 

•-    2 

0.8 
•    0 
•7.3 
•0.1 

IN  n 
•      • 
•  1.1 
•10.1 

79.9963 
•80  3092 
•83  8009 

•HI     :-i 

0.0003 

•o  oqoi 
•O.OJ03 

-,,     .,.; 

• 

•100 
•100 

•   • 

•  Values  adapted  from  determinations  made  under  similar  conditi 
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In  the  case  of  furnaces  used  for  metallurgical, 
manufacturing  and  other  industrial  processes, 
it  frequently  occurs  that  gaseous  constituents 
which  have  their  origin  in  the  materials  under 
treatment  appear  in  the  smoke  along  with  those 
of  fuel  origin. 

An  attempt  to  trace  a  relation  between  the 
composition  of  the  gaseous  products  of  combus- 
tion in  smoke  and  the  visibility  of  smoke  is 
beset  by  many  limitations.  In  general,  it  may 
be  said  that  furnaces  fired  with  Illinois  coal, 
the  smoke  emissions  of  which  show  a  relatively 
low  visible  density,  discharge  gases  which  are 
high  in  carbon  dioxid  and  relatively  high  in  sul- 
phur dioxid  and  sulphur  trioxid  or  their  acid 
equivalents. 

The  introduction  of  relatively  large  quantities 
of  air  either  through  the  grate,  or  into  the  com- 
bustion chamber  or  the  smoke-stack,  will,  within 
certain  limits,  effect  a  reduction  in  the  visibility 
of  smoke  discharges. 

105.43  The  Effect  of  Steam  or  Moisture  upon 
the  Character  of  the  Gaseous  Constituents  of 
Smoke:     The    introduction    of    steam   into    the 
furnace   or   the    intermixing    of    moisture    with 
the  gases  of   combustion,    tends   to  hasten   the 
conversion  of  the   sulphur  compounds  into  sul- 
phuric acid.     The  use  of  steam  jets,  therefore, 
either  in  the  furnace  or  in  the  stack,  has  a  pro- 
nounced effect  upon  the  character  of  the  sulphur 
gases  discharged.     Steam  jets  are  used  extensively 
in  locomotive  service.     They  form  an  effective 
means  of  suppressing  visible  smoke.     Their  use 
and  the  fact  that  the  products  of  combustion 
intermingle   with   the   exhaust   steam   from   the 
cylinders  of  the  engine,  augment  the  amount  of 
sulphuric  acid  in  the  smoke  discharges  from  loco- 
motives.    With  reference  to  this  constituent  of 
smoke,  therefore,  the  discharges  from  locomotives 
are  not  comparable  with  those  from  any  other 
class  of  service  investigated.     The  fact  also  that 
the  gaseous  products  of  combustion  from  loco- 
motives are  discharged  near  the  ground,  makes 
much  more  apparent   the  sulphurous  content  of 
locomotive    smoke     than     that    which    is    inci- 
dent to  the  smoke  of  most  other  fuel  consum- 
ing services. 

105.44  Relation  between  Excess  Air  and  the 
Gaseous    Constituents    of    Smoke:     The    total 
volume  of  gases  discharged  from  chimneys  and 


stacks  is  increased  by  the  presence  of  air  in 
amounts  which  are  in  excess  of  those  required 
for  combustion.  This  excess  air  may  be  admitted 
through  the  furnace  or  introduced  into  the  com- 
bustion chamber  or  into  the  stack.  Excess  air, 
by  lowering  the  temperature  of  the  furnace,  has 
a  pronounced  effect  upon  furnace  efficiency.  It 
affects  smoke  discharges  just  as  clear  water  affects 
a  turbid  mixture;  it  reduces  the  visibility  of  the 
smoke  and,  volume  for  volume,  lowers  the  pollut- 
ing effect  thereof. 

A  deficient  supply  of  air  in  the  furnace  tends 
to  increase  the  quantity  of  carbon  monoxid  and 
to  decrease  the  quantity  of  carbon  dioxid  and 
sulphur  gases. 

The  Committee's  study  of  smoke  discharges 
shows  that  the  prevailing  practice  in  the  operation 
of  furnaces  involves  the  use  of  large  percentages 
of  excess  air.  The  smoke  discharges  of  steam 
vessels  contain  least  air  and  may  be  designated, 
therefore,  as  of  maximum  concentration;  those 
of  locomotives  follow  next  in  the  order  of 
concentration;  and  those  of  low  pressure  steam 
boilers  and  domestic  fires  are  the  least  con- 
centrated. In  certain  metallurgical  processes, 
large  volumes  of  excess  air  are  employed  as  a 
means  whereby  oxidizing  flame  may  be  secured. 
The  facts  as  disclosed  by  the  Committee's  re- 
searches with  reference  to  this  important  element 
in  smoke  are  summarized  as  follows: 


Steam  locomotives 

Steam  vessels 

High  pressure  steam  boiler  plants  .... 
Low  pressure  boiler  plants  and  domestic  fires  . 
Metallurgical  plants 


PER  CENT  OF 
AIR  IN  SMOKE 

•  •  32.15 

10-95 

.        .  80.44 

.        .  81.42 

•  •  48.45 


The  values  given  are  based  upon  samples  taken 
from  the  stack.  There  is  a  probability  that,  in 
many  cases,  such  samples  show  a  higher  excess 
of  air  than  would  be  disclosed  by  a  sample  taken 
from  the  furnace,  the  differences  being  due  to 
leakage  of  air  through  the  furnace  setting,  the 
smoke  connections  with  the  stack  and  portions 
of  the  stack  itself. 

It  is  apparent  that  any  discussion  concerning 
the  effect  of  smoke  as  a  polluting  agency  in  the  at- 
mosphere must  deal  with  its  chemical  properties 
as  well  as  with  its  visible  and  physical  properties. 
The  discharge  of  a  given  volume  of  concentrated 
products  of  combustion  will  have  a  greater  pollut- 
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itiK  effect  than  the  discharge  of  a  similar  volume 
of  air  diluted  products  of  combustion.  In  recog- 
nition of  this  fact  all  comparisons  which  are  here- 
inaiter  presented,  involving  measures  of  the 
polluting  effects  of  the  gaseous  products  of  com- 
bustion, exclude  the  excess  air;  that  is,  the 
polluting  effects  are  not  based  upon  the  volume 
of  smoke  discharges  but  upon  the  volume  of  the 
gaseous  products  of  combustion. 

105.45  Gaseous  Products  of  Combustion  as 
Sources  of  Atmospheric  Pollution:  Notwith- 
standing the  large  volume  of  gaseous  products  of 
combustion  which  are  emitted  into  the  atmosphere 
of  a  city,  little  trace  of  them  is  disclosed  by  a- 
chemical  analysis  of  the  atmosphere  (chapter  113). 
The  explanation  is,  of  course,  to  be  found  in  the 
fact  that  while  the  volume  of  the  polluting  dis- 
charge is  great,  that  of  the  atmosphere  affected 
is  vastly  greater  and  its  power  of  absorbing  and 
diffusing  the  streams  of  pollution  which  enter 
•it  is  also  great.  The  following  illustration  will 
prove  serviceable  in  increasing  one's  understand- 
ing of  this  aspect  of  the  matter. 

The  total  volume  of  air  diluted  gases  discharged 
each  day  from  the  stacks  of  Chicago  amounts 
approximately  to  47,000,000,000  cubic  feet.  The 
average  wind  velocity  recorded  in  the  city  during 
the  year  1912  was  13  miles  an  hour.  The  area 
of  the  city  is  194  square  miles.  Assuming  that 
the  diluted  gaseous  products  of  combustion  rise 
uniformly  over  this  area  as  from  an  orifice  and 
are  borne  away  in  a  horizontal  film  by  the  wind, 
the  thickness  of  the  film  at  any  given  time  would 
be  approximately  one-third  of  an  inch.  But  the 
smoke  discharges  making  up  this  film  are  air 
diluted,  and  if  the  air  is  extracted  the  thickness 
of  the  film  would  be  reduced  by  75  per  cent; 
that  is,  the  film  of  the  gaseous  products  of  com- 
bustion becomes  approximately  eight-hundredths 
of  an  inch  in  thickness.  It  will,  of  course,  be 
understood  that  no  such  film  actually  exists,  since 
the  diffusion  of  the  products  of  combustion  into 
the  atmosphere  begins  as  soon  as  they  are  dis- 
charged; but  the  capacity  of  the  atmosphere  to 
absorb  these  gases  can  be  better  comprehend- 
ed when  one  considers  that  its  duty  is  that 
of  continuously  absorbing  through  diffusion  a 
horizontal  film  or  stratum  of  the  gaseous  pro- 
ducts of  combustion  less  than  one-tenth  of  an 
inch  in  thickness. 


COM  I.I  SIGNS 

105.46  Conclusions:  The  Committee's  study 
of  smoke  discharges  in  the  Area  of  Investigation 
justifies  the  following  conclusions: 

1.  Visible  Properties  of  Smoke: 

a.  Studies  of  visible  smoke-   have   led   to 
the  determination  of  a  smoke  density  factor 
for   each   fuel    consuming    st-rvire    (section 
105.02),  which  factor,  taken  in  connection 
with  the  amount  of  fuel  consumed  by  the 
service,    has    permitted    the    different    fuel 
consuming  services  to  be  rated  on  the  basis 
of  their  relative  contribution  to  the  visible 
smoke  of  the   city    (section    105.06).     The 
services  recognized  and   the  proportion  of 
the  total  visible  smoke  contributed  by  each 
service  in  the  city  of  Chicago  are  as  follows: 

PER  CBST 

Steam  locomotives      .      .      .      .22.06 

Steam  vessels 0.74 

High  pressure  steam  stationary 

power  and  heating  plants  .      .  44 . 49 
Low  pressure  steam  and   other 

stationary  heating  plants  .      .     3 . 93 
Gas  and  coke  plants   .      .      .      .     0.15 
Furnaces  for  metallurgical,  manu- 
facturing and  other  processes  28.63 

100.00 

b.  The  production  of  visible   smoke   de- 
pends primarily  upon  the  character  of  the 
fuel    used.     Assuming    the   use    of    Illinois 
coal,  it  is  affected  by  the  length  of  flameway, 
by  draft,  by  rates  of  combustion  and  by  the 
temperature  of  the  furnace.     It  is  affected 
also  by  the  amount  of  excess  air  in   the 
furnace.     Smoke  abatement  is,  under  normal 
conditions,   promoted  by  the  use  of  brick 
arches  and  automatic  stokers  and  by  the 
exercise  of  care  in  the  process  of  firing. 

c.  Other  things  being  equal,  it  is  easier 
to  abate  visible  smoke  from  large  fires  than 
from  small  fires. 

d.  The  loss  in  furnace  efficiency  attend- 
ing   the    production    of    visible    smoke    is 
normally  not  great. 

e.  Visibility,  considered  alone,  constitutes 
an  insufficient  basis  upon  which  to  measure 
the  extent  of  atmospheric  pollution  by  smoke. 

2.  Solid  Constituents  of  Smoke: 

a.  The  solid  constituents  of  smoke,  in- 
cluding soot,  cinders  and  dust  of  varying 
composition,  probably  constitute  the  most 
important  sources  of  atmospheric  pollution 
arising  from  the  combustion  of  fuel.  The 
amount  of  the  solid  constituents  of  smoke 
discharged  into  the  atmosphere  of  Chicago 
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has  been  determined  (section  105.29).  The 
relative  importance  of  the  different  fuel 
consuming  services  as  producers  of  solid 
constituents  of  smoke  in  the  city  of  Chi- 
cago is  as  follows: 

PER  CENT 

Steam  locomotives     .      .      .      .     7.47 

Steam  vessels 0.33 

High  pressure  steam  stationary 

power  and  heating  plants      .    19.34 
Low  pressure  steam  and  other 

stationary  heating  plants  .      .      8 . 60 
Gas  and  coke  plants   .      .      .      .     o.oo 
Furnaces  for  metallurgical,  manu- 
facturing and  other  processes  64.26 

i oo . oo 

b.  Not  all  the  solids  in  smoke  are  of  fuel 
origin.     Of    the    total    discharges    of    solid 
constituents  of  smoke  into  the  atmosphere 
of   Chicago,    41    per   cent   are   of   non-fuel 
origin.     These  arise  from  furnaces  used  in 
metallurgical,  manufacturing  and  other  pro- 
cesses. 

c.  All  smoke  arising  from  the  combustion 
of  solid  fuels  carries  its  burden  of  solids. 
The  extent  and  character  of  the  solid  con- 
stituents  are   affected   by   various   furnace 
conditions,  especially  by  draft,  rate  of  com- 
bustion and  temperature  of  furnace.     The 
fuel  value  of  solids  in  smoke,  under  conditions 
which  normally  prevail,  is  small. 

d.  The    absence    of    visibility    in    smoke 
does  not  imply  the  absence  of  the  solid  con- 
stituents of  smoke. 

e.  The  polluting  effect  of  the  solid  con- 
stituents of  smoke  depends  upon  the  size 
and  the  character  of  the  particles  emitted. 
The  solids  discharged  by  slow  burning,  low 
temperature  fires  consist  largely  of  hydro- 
carbons carrying  a  large  percentage  of  soot; 
solids  from  high  temperature  fires  contain 
little  or  no  soot  but  are  high  in  carbon  and 
ash. 

3.  Gaseous  Constituents  of  Smoke: 

a.  The  gaseous  products  of  combustion 
consist  of  carbon  and  sulphur  compounds 
and  nitrogen  (section  105.39).  The  extent 
of  the  sulphur  gases  is  dependent  upon  the 
composition  of  the  fuel.  Smoke  resulting 
from  the  burning  of  Illinois  coal  is  relatively 
high  in  sulphur.  The  relative  importance 
of  the  different  fuel  consuming  services  as 
producers  of  the  gaseous  products  of  com- 
bustion in  smoke  in  the  city  of  Chicago  is 
as  follows: 


PER  CENT 

Steam  locomotives     .      .      .      .10.31 

Steam  vessels 0.60 

High  pressure  steam  stationary 

power  and  heating  plants  .      .   44 . 96 
Low  pressure  steam  and    other 

stationary  heating  plants  .      .   23 .  oo 
Gas  and  coke  plants    .      .      .      .00.00 
Furnaces  for  metallurgical,  manu- 
facturing and  other  processes  21.13 

100.00 

b.  The  relative  importance  of  the  differ- 
ent fuel  consuming  services  as  producers  of 
gaseous   carbon    constituents   of   smoke   in 
the  city  of  Chicago  is  as  follows: 

PER  CENT 

Steam  locomotives     .      .      .      .  io.ii 

Steam  vessels 0.55 

High  pressure  steam  stationary 

power  and  heating  plants  .      .  40 . 68 
Low  pressure  steam  and   other 

stationary  heating  plants  .      .  23 . 06 
Gas  and  coke  plants    .      .      .      .00.00 
Furnaces  for  metallurgical,  manu- 
facturing and  other  processes  25.60 

100.00 

c.  The  relative  importance  of  the  different 
fuel  consuming  services  as  producers  of  gas- 
eous sulphur  constituents  of  smoke  in  the 
city  of  Chicago  is  as  follows: 

PER  CENT 

Steam  locomotives      .      .      .      .18.22 

Steam  vessels 0.45 

High  pressure  steam  stationary 

power  and  heating  plants  .      .   53 . 70 
Low  pressure  steam  and  other 

stationary  heating  plants  .      .    19.73 
Gas  and  coke  plants   .      .      .      .00.00 
Furnaces  for  metallurgical,  manu- 
facturing and  other  processes     7.90 

100.00 

d.  The   gaseous   content   of   smoke   con- 
sists of  the  gaseous  products  of  combustion 
and  of  air.     The  effect  of  air  in  smoke  is 
to  dilute  the  products  of  combustion.     This 
dilution  is  least  in  the  case  of  smoke  from 
steam   vessels   and   from   locomotives,    and 
is  greatest  in   smoke  from   domestic  fires. 

e.  The  air  dilution  of  the  products  of  com- 
bustion tends  to  lower  the  visibility  of  smoke, 
and  promotes  a  diffusion  of  the  products  of 
combustion  in  the  atmosphere.     The  total 
volume  of  the  products  of  combustion  as  com- 
pared with  the  volume  of  air  moving  over  the 
city,  by  which  it  is  absorbed,  is  very  small. 
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THE  RKLATIVE  IMPORTANCE  OF  THE  STEAM  LOCOMOTIVE 
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SYNOPSIS:  This  chapter  presents  a  series  of  comparisons  which  serve  to  measure  the 
amount  of  smoke  discharged  by  locomotives  operating  within  the  city  of  Chicago,  in  terms  of 
the  total  smoke  arising  from  all  solid  fuel  fires  within  the  city.  Its  purpose  is  to  emphasize  a 
single  service  by  comparing  it  with  all  other  services. 


106.01  Purpose  of  this  Study:    The  relative 
importance  of  various  fuel  consuming  services  as 
producers  of  smoke  has  been  set  forth  in  detail 
in  the  preceding  chapter  (105),  which  presents 
data  developed  by  the  Committee's  investigation 
concerning  the  origin  and  character  of  smoke,  its 
prime  purpose  being  to  establish   a  record   of 
ascertained  facts.     It  is  the  Committee's  purpose 
in  the  present  chapter,  and  in  those  immediately 
following,  to  direct  attention  to  the  contributions 
made  by  individual  services   to   the  smoke  of 
Chicago's  atmosphere,  in  their   relation  to  the 
contributions  of  all  other  services  combined.    The 
present  chapter  deals  with  locomotive  smoke  in  its 
relation  to  smoke  from  all  other  services. 

106.02  Fuel    Consumption    of    Steam    Loco- 
motives:   The  amount  of  smoke  discharged  into 
the  atmosphere  by  any  service  is  a  function  of  the 
quantity  of  fuel  consumed  in  that  service,  and 
the  character  of  the  smoke  discharged  is  dependent 
to  some  extent  upon  the  character  of  the  fuel. 
Of  the  total  quantity  of  fuel  consumed  by  loco- 
motives within  the  city  of  Chicago,  more  than 
98  per  cent  consists  of  bituminous  coal,  practically 
all  of  which  comes  from  the  fields  of  Illinois  and 
Indiana.     A  small  amount  of  semi-bituminous  or 
Pocahontas  coal  is  burned  in  locomotives,  chiefly 
in  passenger  services  and  under  special  conditions. 
For  the  purpose  of  this  discussion,  therefore,  it 
may  be  assumed  that  all  of  the  fuel  consumed 
by  locomotives  consists  of  bituminous  coal,  the 
amount  of  semi-bituminous  coal  being  regarded 
as  negligible. 

The  relative  importance  of  the  steam  locomotive 
on  the  basis  of  the  quantity  of  fuel  consumed, 
as  compared  with  that  consumed  by  all  other 
services  within  the  city,  during  the  year  1912,  is 
shown  by  the  following: 


TONS  PER  CENT 

By  steam  locomotives 3,099,044     .     .     11.94 

By  all  other  services '5.483,479     .      .     88.06 

Total  for  Chicago 17,582,533     .     .    100.00 

Steam  locomotive  service  ranks  fourth  among 
the  six  classes  of  fuel  consuming  services  in  the 
city  of  Chicago. 

That  portion  of  the  total  quantity  of  coal  coq- 
sumed,  in  1912,  within  the  city  by  all  services, 
which  is  chargeable  to  the  different  locomotive 
services,  is  shown  by  the  following: 

PER  CENT  OF  TOTAL 
FOR  ALL  SERVICES 

Yard 5.97 

Road  freight 0.77 

Freight  transfer 2.02 

Passenger  transfer 0.12 

Through  passenger  i.oi 

Suburban  passenger 0.88 

Locomotives  at  locomotive  terminals    .      .      .     .  1.17 


Total  for  steam  locomotives 
Total  for  all  other  services    . 


Total  all  services 


11.94 
88.06 

100.00 


The  extent  to  which  locomotives  constitute  a 
source  of  atmospheric  pollution  is  dependent  not 
alone  upon  the  relative  quantity  of  fuel  consumed 
but  upon  other  factors  incident  to  the  conditions 
under  which  they  operate.  The  effect  of  all 
such  factors  is  to  be  seen  in  the  following. 

106.03  Visible  Smoke  from  Locomotives: 
Visibility  as  a  quality  of  smoke  has  reference  to 
that  property  which  renders  smoke  emissions 
apparent  to  the  eye.  It  suggests  the  cloud 
effects  of  smoke  discharges  and  the  interception 
of  sunlight  by  these  smoke  clouds.  A  standard 
of  measure  of  visibility  is  supplied  by  an  arbitrary 
scale,  commonly  referred  to  as  the  Ringelmann 
scale  (section  105.02),  with  which  the  smoke  to  be 
observed  may  be  compared.  As  a  result  of  the 
Committee's  investigations,  it  has  been  deter- 


176          SMOKE  ABATEMENT  AND  ELECTRIFICATION   IN  CHICAGO 


mined  that  the  relative  importance  of  the  steam 
locomotive,  on  the  basis  of  the  total  amount  of 
visible  smoke  produced  in  the  city  of  Chicago, 
is  as  follows : 

PER  CENT 

Visible  smoke  produced  by  steam  locomotives       .      .  22.06 

Visible  smoke  produced  by  all  other  services    .     .      .  77-94 

Total 100.00 

While  steam  locomotives  operating  within  the 
city  of  Chicago  consume  approximately  12  per 
cent  of  the  total  amount  of  fuel  consumed  in 
the  city,  they  produce  22  per  cent  of  the  total 
visible  smoke.  On  this  basis  steam  locomotives 
rank  third  among  the  six  classes  of  smoke  pro- 
ducing services  in  Chicago. 

That  portion  of  the  total  visible  smoke  of 
Chicago  which  is  chargeable  to  the  different  loco- 
motive services  is  as  follows : 

PER  CENT  OF  TOTAL 
FOR  ALL  SERVICES 

Yard 10.25 

Road  freight 2.01 

Freight  transfer -.     .  4.59 

Passenger  transfer 0.19 

Through  passenger 2.07 

Suburban  passenger 1.54 

Locomotives  at  locomotive  terminals  .      ...  1.41 
Total  for  steam  locomotives      .....  22.06 

Total  for  all  other  services 77-94 

Total  all  services 100.00 

There  are  within  the  city  of  Chicago  1 1 8  track 
establishments  sufficiently  extensive  to  be  classi- 
fied as  yards,  in  and  about  which  several  hundred 
locomotives  perform  daily  service.  These  locomo- 
tives contribute  10.25  per  cent  of  the  visible  smoke 
discharged  into  the  atmosphere  of  Chicago. 

The  road  freight  service  and  the  freight  transfer 
service  in  the  city  involve  the  activities  of  fewer 
locomotives  than  does  the  yard  service,  but  a 
somewhat  greater  total  amount  of  work,  as 
measured  by  ton  mileage,  is  performed  by  them. 
These  services  combined  contribute  6.6  per  cent 
of  the  visible  smoke  discharged  into  the  atmos- 
phere of  Chicago. 

The  suburban  passenger  service  contributes 
i .  54  per  cent  of  the  visible  smoke,  and  all  pas- 
senger services,  including  the  suburban,  through 
and  transfer  services,  contribute  3 . 8  per  cent  of 
the  visible  smoke  emitted  into  the  atmosphere 
of  Chicago. 

There  are  46  locomotive  engine-houses,  contain- 
ing 891  stalls,  within  the  city  limits.  Locomotives 


in  these  roundhouses  contribute  1.41  per  cent 
of  the  total  visible  smoke  discharged  into  the 
atmosphere  of  Chicago. 

106.04  Solid  Constituents  of  Smoke  Dis- 
charges from  Steam  Locomotives:  All  smoke 
from  fires  sustained  by  solid  fuel  carries  a  certain 
burden  of  solid  constituents.  This  solid  material 
may  have  the  form  of  particles  of  ash,  particles  of 
partially  consumed  fuel  or  sooty  particles.  The 
investigations  of  the ;  Committee  show  that  the 
solid  constituents  in  the  smoke  discharges  of 
steam  locomotives  are  chiefly  in  the  form  of  ash 
and  unconsumed  fuel.  There  is  comparatively 
little  soot  in  the  smoke  of  locomotives.  A  con- 
siderable portion  of  the  solids  emitted  in  the  smoke 
of  locomotives  is  of  such  character  that  it  falls 
at  no  great  distance  from  the  track  upon  which 
the  locomotive  is  proceeding;  that  is,  consider- 
able portions  of  the  solids  from  locomotives 
constitute  a  source  of  local  pollution  rather  than 
a  source  from  which  pollution  pervades  the 
atmosphere  of  the  entire  city  (see  Appendix, 
sections  701.37  to  701.43  inclusive). 

The  solid  constituents  of  the  smoke  discharges 
of  steam  locomotives  during  the  year  1912  in 
the  city  of  Chicago  amounted  to  22,750  tons, 
consisting  of  the  following : 

TONS  PER  CENT 

Coarse  cinders 4,308.9     .      .       18.94 

Fine  cinders 12,174.6     .      .       53.51 

Fuel  dust 6,266.5     •      •       27-55 

Total -     -    22,750.0     .      .     100.00 

Hydrocarbons  (tarry  matter)     .      .     .  117.1  .  .  0.51 

Combustible  solids  (carbon)       .      .      .  12,594.4  •  •  55-36 

Mineral  matter  (ash) 9,479.1  .  .  41.67 

Sulphur            S59.4  .  .  2.46 

Total 22,750.0     .      .      100.00 

The  solid  constituents  of  the  smoke  discharges 
of  steam  locomotives  are  chiefly,  in  the  form  of 
ash  and  unconsumed  fuel  or  combustible  solids. 
The  percentage  of  sooty  materials  is  low,  as  is 
shown  by  the  determinations  for  hydrocarbons. 

The  Committee's  investigations  show  the  follow- 
ing as  to  the  amount  of  solids  annually  discharged 
in  the  smoke  of  steam  locomotives  and  in  that  of 
all  other  services  in  Chicago : 

TONS  PER  CENT 

Solid  constituents  of  the  smoke  of  loco- 
motives .  ....  22,750  .  .  7.47 

Solid  constituents  of  the  smoke  of  all 

other  services 281,641  .  .  92.53 

Total  . 
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On  this  basis,  steam  locomotives  rank  fourth 
ain»ng  the  six  classes  of  smoke  producers  in 
Chicago. 

That  portion  of  the  total  solid  constituents  of 
the  smoke  of  all  services,  which  is  chargeable  to 
the  several  locomotive  services,  is  as  follows: 

PER  CENT  OF  TOTAL 
FOR  ALL  SERVICES 

Yard ,.73 

Road  freight 1.18 

Freight  transfer 0.43 

Passenger  transfer 0.04 

Through  passenger 1.80 

Suburban  passenger 1.97 

Locomotives  at  locomotive  terminals     ....  0.32 

Total  for  steam  locomotives 

Total  for  all  other  services 


747 


Total  all  services 


100.00 


The  preceding  results  indicate  that  locomotives 
in  yard  service  contribute  1.73  per  cent  of  the 
solid  constituents  of  smoke  discharged  into  the 
atmosphere  of  Chicago. 

The  road  freight  service  and  the  freight  trans- 
fer service  combined  contribute  1.61  per  cent 
of  the  solid  constituents  .  of  smoke  discharged 
into  the  atmosphere  of  Chicago. 

The  suburban  passenger  service  contributes 
i  .  97  per  cent  of  the  solid  constituents  of  smoke 
discharged  into  the  atmosphere  of  Chicago,  and 
all  passenger  services,  including  suburban,  through 
and  transfer  services,  contribute  3.81  per  cent. 

Locomotives  at  locomotive  terminals  within  the 
city  limits  contribute  0.32  per  cent  of  all  the  solid 
constituents  of  smoke  discharged  into  the  atmos- 
phere of  Chicago. 

The  chemical  composition  of  the  solid  con- 
stituents of  smoke  from  all  classes  of  steam 
locomotives  operating  in  the  city  of  Chicago  is 
shown  by  table  CVI. 

TABLE  CVI.    CHEMICAL  COMPOSITION  OF  SOLID  CONSTITUENTS 

OF  SMOKE  FROM  ALL  CLASSES  OF  STEAM  LOCOMOTIVES. 

CITY  OF  CHICAGO 


Per  Cet 

t  of  Tola 

:.  -    Ml  - 

ervieei 

Clan  of  Service 

Hydro- 
Carbons 
(Tar) 

Com- 
bustible 
Solids 
(Carbon) 

Mineral 
Matter 

(Ash) 

Sul- 
phur 

1 

2 

3 

4 

0 

Yard  

0  27 

.   IKl 

1.34 

1     • 

Road  freight 

0  10 

3  18 

0  fiO 

2  22 

Freight  transfer    

0  06 

0    Ml 

0  32 

0  70 

0  01 

0  O7 

O  O3 

0  O7 

Throuich  passenger  

0  21 

4  94 

0  90 

3.17 

0  20 

5  74 

0  87 

3  42 

Loeomotivea  at  locomotive  terminals 

0  M 

0  2.1 

il  .   . 

Total  for  »ti'am  locomotives  .  .  . 
Total  for  all  other  services  

99.01 

•-ii 
-I      li 

4.31 

.... 

• 
•"II 

Total  all  services  

i  •  •  

•    HI    IKI 

106.05  Gaseous  Constituents  of  Smoke  Dis- 
charges from  Steam  Locomotives:  The  gaseous 

constituents  of  smoke  consist  of  carbon  dioxid, 
carbon  monoxid,  sulphur  dioxid,  sulphur  trioxid 
and  air.  The  sulphur  and  carbon  compounds 
arc  to  be  regarded  as  polluting  gases  in  the  atmos- 
phere. The  air  accompanying  the  gaseous  prod- 
ucts of  combustion  in  the  smoke  discharges  con- 
tains more  than  the  normal  proportion  of  nitrogen, 
owing  to  the  depletion  of  the  oxygen  content,  part 
of  which  combines  with  the  carbon  and  sulphur  in 
the  fuel  to  form  the  carbon  and  sulphur  compounds 
mentioned.  This  excess  of  nitrogen  may  be  re- 
garded as  effecting  a  dilution  of  the  atmosphere, 
and  it  is  included  with  the  carbon  and  sulphur 
compounds  as  a  gaseous  product  of  combustion. 
The  volume  of  each  of  the  gases  emitted  into 
the  atmosphere  by  each  of  the  several  fuel 
consuming  services  was  determined  by  processes 
which  have  already  been  described  (section 
105.37).  The  volume  of  the  gaseous  products  of 
combustion  discharged  annually  into  the  atmos- 
phere of  Chicago  by  steam  locomotives  and  by 
all  fuel  consuming  services  of  the  city  is  as  follows : 

CUBIC  FEET  PER  CENT 

Gases  of  combustion  contained 

in  the  smoke  of  locomotives .  427,34 1,334,935  .  .  10.31 
Gases  of  combustion  contained 

in   the    smoke  of  all   other 

services 3.7'8,334.<x«.783     •      •       89-69 

Total 4.H5.675.337.7I8     •      •      IOOO° 

Upon  this  basis,  steam  locomotives  rank  fourth 
among  the  six  classes  of  smoke  producing  services 
in  Chicago. 

That  portion  of  the  total  gases  of  combustion 
discharged  into  the  atmosphere  of  Chicago  an- 
nually by  all  services,  which  is  chargeable  to  the 
different  locomotive  services,  is  as  follows: 

PER  CENT  OF  TOTAL 
FOR  ALL  SERVICES 

Yard 5.17 

Road  freight  ...........  0.66 

Freight  transfer  ..........  1.74 

Passenger  transfer o.io 

Through  passenger 0.89 

Suburban  passenger 0.74 

Locomotives  at  locomotive  terminals       .  1.01 


Total  for  steam  locomotives 
Total  for  all  other  services 


10.31 
89.69 

100.00 


Total  all  services . 

The  preceding  results  indicate  that  locomo- 
tives in  yard  service  contribute  5.17  per  cent  of 
the  total  volume  of  the  gaseous  products  of 
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combustion  discharged  in  the  form  of  smoke  into 
the  atmosphere  of  Chicago. 

Locomotives  in  road  freight  service  and  in 
freight  transfer  service  combined  contribute  2 . 40 
per  cent  of  the  gaseous  products  of  combustion 
in  the  smoke  discharged  into  the  atmosphere  of 
Chicago. 

Locomotives  in  suburban  passenger  service  con- 
tribute 0.74  per  cent  of  the  total  gaseous  prod- 
ucts of  combustion  in  the  smoke  discharged  into 
the  atmosphere  of  Chicago,  and  locomotives  in  all 
passenger  services,  including  suburban,  through 
and  transfer  services,  contribute  i .  73  per  cent. 

Locomotives  at  locomotive  terminals  within 
the  city  limits  contribute  i  .01  per  cent  of  all  the 
gaseous  products  of  combustion  in  the  smoke 
discharged  into  the  atmosphere  of  Chicago. 

106.06  Relative    Importance    of    the    Steam 
Locomotive  as  a  Smoke  Producer,  on  Each  of 
the  Bases  Considered:  The  extent  to  which  the 
steam  locomotive   contributes  to  the  pollution 
of  the  atmosphere  of  the  city  of  Chicago  on  the 
basis    of    fuel    consumed,    visible    smoke,    solid 
constituents  of  smoke  and  gaseous  constituents 
of  smoke,  is  shown  diagrammatically  by  fig.  29. 

106.07  Conclusions  to  be  Drawn  with  Refer- 
ence to  the  Extent  to  which  Smoke  Discharges 
from  Steam  Locomotives  Pollute  the  Atmosphere 
of  Chicago :  This  study  of  the  results  of  the  Com- 
mittee's numerous  tests  and  analyses,  made   in 
connection  with  the  investigation  of  smoke  dis- 
charges, justifies  the  following  conclusions  with 
reference  to  the  extent  to  which  the  smoke  dis- 
charges   from    steam    locomotives    constitute    a 
source  of  atmospheric  pollution: 

1.  Steam  locomotives  consume  11.94  per 
cent  of  the  total  fuel  consumed  within  the 
city  limits  of  Chicago,  and  they  rank  fourth 
as  a  fuel  consuming  service. 

2.  Steam  locomotives  are  responsible  for 
22.06  per  cent  of  the  total  visible  smoke 
discharged  within  the  city  limits  of  Chicago, 
and  they  rank  third  among  all  services  on 
the  basis  of  total  quantity  of  visible  smoke 
produced. 

3.  Steam  locomotives  are  responsible  for 
7.47  per  cent  of  the  total  solid  constituents 
discharged  into  the  atmosphere  in  the  smoke 
of  all  services  within  the  city  limits  of  Chi- 
cago, and  they  rank  fourth  among  all  services 
on  the  basis  of  the  total  amount  of  solid 


materials  discharged  into  the  atmosphere  in 
smoke. 

4.  Steam  locomotives  are  responsible  for 
10.3 1  per  cent  of  the  total  gases  of  combustion 
discharged  into  the  atmosphere  in  the  smoke 
of  all  services  within  the  city  limits  of  Chi- 
cago,   and  they  rank  fourth   as  a   service 
producing  polluting   gases   discharged   into 
the  atmosphere  in  smoke. 

5.  The  contributions  made  by  the  different 
classes  of  steam  locomotives  to  the  pollution 
of  the  atmosphere  of  Chicago  are  as  follows : 

a.  Locomotives  engaged  in  suburban  pas- 
senger service  contribute    1.54  per  cent  of 
the  total  visible  smoke,  1.97  per  cent  of  the 
total  dust  and  cinders  of  smoke  and  0.74 
per  cent  of  the  total  polluting  gases  of  smoke 
discharged  annually  into  the  atmosphere  of 
Chicago. 

b.  Locomotives  engaged  in  through  pas- 
senger service  contribute  2.07  per  cent  of 
the  total  visible  smoke,  1.80  per  cent  of  the 
total  dust  and  cinders  of  smoke  and  0.89 
per  cent  of   the    total    polluting    gases    of 
smoke  discharged  annually  into  the  atmos- 
phere of  Chicago. 

c.  Locomotives  engaged  in  all  passenger 
services  combined,  including  suburban  pas- 
senger,   through    passenger    and    passenger 
transfer,  contribute  3.80  per  cent  of  the  total 
visible  smoke,   3.81   per  cent  of  the  total 
dust  and  cinders  of  smoke  and  1.73  per  cent 
of  the  total  polluting  gases  of  smoke  dis- 
charged  annually  into   the   atmosphere   of 
Chicago. 

d.  Locomotives  engaged  in  road  freight 
service  contribute  2.01  per  cent  of  the  total 
visible  smoke,    1.18  per  cent  of   the  total 
dust  and  cinders  of  smoke  and  0.66  per  cent 
of  the  total  polluting  gases  of  smoke  dis- 
charged  annually   into   the   atmosphere   of 
Chicago. 

e.  Locomotives  engaged  in  yard  freight 
service  contribute  10.25  per  cent  of  the  total 
visible  smoke,    1.73   per  cent  of  the  total 
dust  and  cinders  of  smoke  and  5.17  per  cent 
of  the  total  polluting  gases  of  smoke  dis- 
charged  annually  into  the   atmosphere   of 
Chicago. 

/.  Locomotives  engaged  in  all  freight  ser- 
vices, including  road  freight,  yard  freight 
and  freight  transfer  services,  contribute 
16.85  Per  cent  °f  ^e  total  visible  smoke, 
3.34  per  cent  of  the  total  dust  and  cinders 
of  smoke  and  7.57  per  cent  of  the  total  pollut- 
ing gases  of  smoke  discharged  annually  into 
the  atmosphere  of  Chicago. 
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107.    THE  RELATIVE  IMPORT  \M  I    <  »|    >TEAM  VESSELS 
AS  A  SOURCE  OF  >\K)KI-; 


SYNOPSIS:  This  chapter  presents  a  series  of  comparisons  which  serve  to  measure  the 
amount  of  smoke  discharged  by  steam  vessels  operating  within  the  city  of  Chicago,  in  terms  of  the 
total  smoke  arising  from  all  solid  fuel  fires  within  the  city.  Its  purpose  is  to  emphasize  a  single 
service  by  comparing  it  with  all  other  services. 


107.01  Purpose    of    this    Study:     The    data 
developed  by  the  Committee's  investigation  con- 
cerning the  origin  and  character  of  smoke  have 
been  presented  in  chapter  105,  in  which  a  record 
of   ascertained   facts   is   established.     It   is   the 
Committee's  purpose  in  this  chapter  to  empha- 
size the  contributions  to  the  smoke  of  Chicago's 
atmosphere  which  are  made  by  steam  vessels,  and 
to  set  forth  the  relation  between  the  smoke  from 
steam  vessels  and  that  from  all  other  services. 
The  term  "steam  vessels,"  as  employed  in  the 
study,  embraces  all  kinds  of  water  craft  operated 
by  steam  on  waterways  within  the  city  limits  of 
Chicago,  including  tugs,  lighters,  river  dredges, 
pile-drivers,  lake  steamers  and  lake  barges. 

107.02  Fuel  Consumption  of  Steam  Vessels: 
During  the  year  1912,  there  were   5,751   steam 
vessels  which  entered  the  ports  of  Chicago  and 
South   Chicago   and,   in  addition  to  these,  119 
which    remained    in  the    city   and   its   vicinity 
throughout  the  year.   The   smoke  produced  by 
these  vessels  while  operating  in  the  harbors  and 
along  the  inland  waterways,  and  also  that  pro- 
duced by  them  while  operating  along  the  shores  of 
the  lake  between  the  northern  and  southern  limits 
of  the  city,  were  included  in  the  Committee's  de- 
terminations. 

The  amount  and  character  of  the  smoke  dis- 
charged into  the  atmosphere  by  steam  vessels  is 
dependent  to  some  extent  upon  the  quantity  and 
character  of. the  fuel  consumed  by  them.  During 
the  year  1912,  steam  vessels  within  the  city  limits 
of  Chicago  consumed  approximately  81,000  tons 
of  coal,  of  which  a  total  of  76,000  tons  was  bitumi- 
nous and  5,000  tons  semi-bituminous. 

The  relative  importance  of  steam  vessels  with- 
in the  city  limits,  on  the  basis  of  the  total  fuel  an- 
nually consumed,  as  compared  with  that  consumed 


by  all  other  services,  is  shown  by  the  following: 

TONS  r»  CENT 

By  steam  vessels 81,375     •     •       0.46 

By  all  other  services 17,501,148     .      .     99.54 

Total 17,582,523     .     .   100.00 

Steam  vessels  rank  sixth  and  lowest  as  a  fuel 
consuming  service  in  the  city  of  Chicago. 

That  portion  of  the  total  quantity  of  coal  con- 
sumed annually  within  the  city  by  all  services, 
which  is  burned  by  the  different  classes  of  steam 
vessels,  is  as  follows: 

PER  CENT  OF  TOTAL 
FOR  ALL  SERVICES 
O.2O 
O.O6 

.       .  0.20 

.       .  0.46 


Tugs  and  lighters 

River  barges,  dredges  and  pile-drivers 
Lake  steamers  and  barges  .... 
Total  for  steam  vessels 


Total  for  all  other  services 
Total  all  services  . 


99-54 

IOO.OO 


V7-°3  Visible  Smoke  from  Steam  Vessels: 
Visibility  as  a  quality  of  smoke  has  reference  to 
that  property  which  renders  smoke  emissions  ap- 
parent to  the  eye.  It  suggests  the  cloud  effects 
of  smoke  discharges  and  the  interception  of 
sunlight  by  these  smoke  clouds.  A  standard 
measure  of  visibility  is  supplied  by  an  arbitrary 
scale,  shading  from  white  to  black,  with  which 
the  smoke  to  be  observed  may  be  compared. 
This  scale  is  commonly  referred  to  as  the  Ringel- 
mann  scale  (section  105.02).  As  a  result  of  the 
Committee's  investigation,  it  has  been  deter- 
mined that  the  relative  importance  of  the  steam 
vessel,  as  a  producer  of  visible  smoke  in  the  city 
of  Chicago,  is  as  follows: 

PER  CENT 

Visible  smoke  produced  by  steam  vessels       ....        0.74 
Visible  smoke  produced  by  all  other  M»vlu»      .     .     .      99.26 

Total 


100.00 


On  this  basis  steam  vessels  rank  fifth  among 
the  smoke  producing  services  in  Chicago. 
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That  .portion  of  the  total  visible  smoke  of 
Chicago,  which  is  chargeable  to  the  different 
classes  of  steam  vessels,  is  as  follows: 

PER  CENT  OF  TOTAL 
FOR  ALL  SERVICES 

Tugs  and  lighters 0.29 

River  barges,  dredges  and  pile-drivers       .      .      .      .  0.14 

Lake  steamers  and  barges 0.31 

Total  for  steam  vessels 0.74 

Total  for  all  other  services 99-26 

Total  all  services 100.00 

107.04  Solid  Constituents  of  Smoke  Dis- 
charges from  Steam  Vessels :  The  solid  con- 
stituents of  the  smoke  discharges  of  steam  vessels 
during  1912  amounted  to  995  tons,  as  follows: 


Coarse  cinders 

Fine  cinders 

Fuel  dust 

Total 

Combustible  solids  (carbon)  . 
Mineral  matter  (ash)  . 
Hydrocarbons  (tarry  matter) 
Sulphur 

Total    . 


TONS 

64.8 

482.6 

44;.(> 
995-0 

505-7 

456.0 

26.9 

6.4 

995-0 


PER  CENT 
6.5 

-  48-5 

•  45-0 
.     I  oo.o 

.       50-8 

45-8 

2.7 

0.7 


IOO.O 


The  solid  constituents  of  the  smoke  discharges 
of  steam  vessels,  like  those  of  steam  locomotives, 
are  chiefly  in  the  form  of  ash  and  unconsumed 
carbon.  The  percentage  of  sooty  materials  or 
materials  condensed  from  the  distillates  of  fuel  is 
low,  although  considerably  higher  than  that  con- 
tained in  the  solids  of  locomotive  smoke.  . 

The  Committee's  investigations  show  the 
amount  of  solids  annually  discharged  in  the 
smoke  of  steam  vessels,  and  in  the  smoke  of 
all  other  services  in  Chicago,  to  be  as  follows : 

TONS  PER  CENT 


Solid-  constituents  of  the  smoke  of  steam 

vessels      ..     ...     .   '  . 

Solid  constituents  of  the  smoke  of  all 

other   services 303,396 


995 


0-33 
99.67 


Total.  ....     304,391     .      .   100.00 

On  this  basis  steam  vessels  rank  fifth  and  lowest 
among  the  smoke  producing  services  of  Chicago. 

That  portion  of  the  total  solid  constituents  of 
the  smoke  of  all  services  chargeable  to  the  several 
classes  of  steam  vessels  is  as  follows: 

PER  CENT  OF  TOTAL 
FOR  ALL  SERVICES 

Tugs  and  lighters 0.14 

River  barges,  dredges  and  pile-drivers     ....     0.05 

Lake  steamers  and  barges 0.14 

Total  for  steam  vessels 0.33 

Total  for  all  other  services 99.67 

Total  all  services 100.00 


107.05  Gaseous  Constituents  of  Smoke  Dis- 
charges from  Steam  Vessels:  The  gaseous  con- 
stituents of  smoke  consist  of  carbon  dioxid, 
carbon  monoxid,  sulphur  dioxid,  sulphur  trioxid 
and  air.  The  carbon  and  sulphur  compounds 
are  to  be  regarded  as  polluting  gases  in  the  at- 
mosphere. The  air  accompanying  the  gaseous 
products  of  combustion  in  the  smoke  discharges 
contains  more  than  the  normal  proportion  of 
nitrogen,  owing  to  the  depletion  of  the  oxygen 
content,  part  of  which  combines  with  the  car- 
bon and  sulphur  in  the  fuel  to  form  the  carbon 
and  sulphur  compounds  mentioned.  This  excess 
of  nitrogen  may  be  regarded  as  effecting  a  dilu- 
tion of  the  atmosphere,  and  it  is  included  with 
the  carbon  and  sulphur  compounds  as  a  gaseous 
product  of  combustion. 

The  volume  of  the  gaseous  products  of  com- 
bustion, including  nitrogen,  discharged  annually 
into  the  atmosphere  of  Chicago  by  steam  vessels, 
and  by  all  other  fuel  consuming  services  of  the 
city,  is  as  follows: 

CUBIC  FEET  PER  CENT 

Gases  of  combustion  contained  in 

the  smoke  of  steam  vessels  .  .  24,767,392,653  0.60 
Gases  of  combustion  contained  in 

the  smoke  of  all  other  sen-ices  4,120,907 ,<)4.s,<*>.s  <iv .4" 

Total 4.145.675,337,718          loo.oo 

Upon  this  basis  the  steam  vessel  ranks  fifth 
and  lowest  among  the  smoke  producing  services 
of  Chicago. 

That  portion  of  all  the  gaseous  products  of 
combustion  discharged  into  the  atmosphere  of 
Chicago  annually,  which  is  chargeable  to  the 
different  classes  of  steam  vessels,  has  been  shown 
to  be  as  follows: 


PER  CENT  OF  TOTAL 
FOR  ALL  SERVICES 

O.26 

.    .   0.08 
.   0.26 
.   .          0.60 


Tugs  and  lighters 

River  barges,  dredges  and  pile-drivers 
Lake  steamers  and  barges  .... 

Total  for  steam  vessels     . 

Total  for  all  other  services     . 
Total  all  services  . 


107.06  Relative  Importance  of  the  Steam 
Vessel  as  a  Smoke  Producer,  on  Each  of  the 
Bases  Considered:  The  extent  to  which  steam 
vessels  contribute  to  the  pollution  of  the  atmos- 
phere of  the  city  of  Chicago,  on  the  basis  of  fuel 
consumed,  visible  smoke,  solid  constituents  of 
smoke  and  gaseous  constituents  of  smoke,  is 
shown  diagrammatically  by  fig.  30. 
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STEAM  VESSELS  AS  A  SOURCE  OF  SMOKE 


107.07  Conclusions  to  be  Drawn  with  Refer- 
ence to  the  Extent  to  which  Smoke  Discharges 
from  Steam  Vessels  Pollute  the  Atmosphere  of 
Chicago:  This  study  of  the  results  of  the  Com- 
mil  tie's  numerous  tests  and  analyses,  made  in 
connection  with  the  investigation  of  smoke  dis- 
charges, justifies  the  following  conclusions  as  to 
tin-  extent  to  which  the  smoke  discharges  from 
steam  vessels  constitute  a  source  of  atmospheric 
pollution : 

1.  Steam  vessels  consume  0.46  per  cent  of 
the  total  amount  of  fuel  consumed  within 
the  city  limits  of  Chicago. 

2.  Steam  vessels  are  responsible  for  0.74 


cent   of   the   visible    smoke    discharged 
within  the  city  limits  of  Chicago. 

.<.  Steam  vessels  an-  rcsjioiisiblc  for  0.33 
IHT  rent  of  tin-  solid  constituents  of  smoke 
discharged  into  the  atmosphere  within  the 
city  limits  of  Chicago. 

4.  Steam  vessels  arc  resjxmsiblc  for  0.60 
per  cent  of  the  total  gaseous  products  of 
combustion  discharged  into  the  atmosphere 
within  the  city  limits  of  Chicago. 

5.  The  contribution  of  steam  vessels  to 
the   pollution   of   Chicago's  atmosphere 
when  compared  with  that  of  other  services 
or  with  the  total  of  all  services,  less  important 
than  the  contribution  of  any  other  service. 
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THE  RELATIVE  IMPORTANCE  OF  HIGH  PRESSURE  STEAM 
STATIONARY  POWER  AND  HEATING  PLANTS  AS 
A  SOURCE  OF  SMOKE 


SYNOPSIS:  This  chapter  presents  a  series  of  comparisons  which  serve  to  measure  the 
amount  of  smoke  discharged  by  high  pressure  steam  stationary  power  and  heating  plants  operating 
within  the  city  of  Chicago,  in  terms  of  the  total  smoke  arising  from  all  solid  fuel  fires  within  the 
city.  Its  purpose  is  to  emphasize  the  smoke  of  a  single  service  by  comparing  it  with  that  of  all 
other  services. 


108.01  Purpose  of  this  Study:    The  relative 
importance  of  various  fuel  consuming  services  as 
producers  of  smoke  has  been  set  forth  in  detail 
in  chapter  105,  which  presents  all  of  the  data 
derived    from    the    Committee's    investigations 
regarding   the   origin   and   character   of   smoke. 
It  is  the  Committee's  purpose  in   the  present 
chapter  to  emphasize  the  extent  to  which  high 
pressure    steam   stationary    power    and   heating 
plants    contribute    to    the    smoke  of  Chicago's 
atmosphere,  as  compared  with  the  contribution  of 
all  other  services  combined. 

108.02  Fuel  Consumption  of  High  Pressure 
Steam  Stationary  Power  and   Heating  Plants: 

There  are  within  the  city  of  Chicago  about  6,000 
high  pressure  steam  stationary  power  and  heat- 
ing plants,  or  plants  in  which  a  steam  pressure  of 
more  than  ten  pounds  is  maintained  in  the  boiler. 

The  extent  to  which  these  plants  contribute  to 
the  smoke  pf  the  atmosphere  is  a  function  of  the 
quantity  of  fuel  consumed,  and  the  character  of 
the  smoke  discharged  is  dependent  to  some  extent 
upon  the  composition  of  the  fuel. 

The  relative  importance  of  high  pressure  steam 
stationary  power  and  heating  plants  as  producers 
of  smoke  within  the  city  of  Chicago,  on  the 
basis  of  the  quantity  of  fuel  consumed  in  1912,  is 
as  follows : 


TONS 


By  high  pressure  steam  stationary 

power  and  heating  plants   .      .      .       7,316,257 
By  other  services 10,266,272 


PER  CENT 

41.61 
58.39 


Total 


17-582,529 


IOO.OO 


High  pressure  steam  stationary  power  and 
heating  plants  rank  first  as  a  fuel  consuming 
service  in  the  city  of  Chicago.  The  extent  to 
which  the  furnaces  of  these  plants  constitute  a 


source  of  atmospheric  pollution  is,  however,  de- 
pendent not  alone  upon  the  relative  quantity  of 
fuel  consumed  but  upon  other  factors  incident 
to  the  conditions  under  which  they  operate.  The 
effect  of  all  such  factors  is  to  be  seen  in  the  sec- 
tions which  follow. 

108.03  Visible  Smoke  from  High  Pressure 
Steam  Stationary  Power  and  Heating  Plants: 
Visibility  as  a  quality  of  smoke  has  reference  to 
that  property  which  renders  smoke  emissions 
apparent  to  the  eye.  It  suggests  the  cloud 
effects  of  smoke  discharges  and  the  effects  of 
smoke  in  intercepting  or  reflecting  the  light  of 
the  sun.  A  standard  of  measure  of  visibility  is 
supplied  by  an  arbitrary  scale  shading  from  white 
to  black,  with  which  the  smoke  to  be  observed 
may  be  compared.  This  is  commonly  referred  to 
as  the  Ringelmann  scale  (section  105.02).  As  a 
result  of  the  Committee's  investigations,  it  has 
been  determined  that  the  relative  importance  of 
high  pressure  steam  stationary  power  and  heating 
plants,  on  the  basis  of  the  total  amount  of  visible 
smoke  produced  in  Chicago,  is  as  follows: 

PER  CENT 

Visible  smoke  produced  by  high  pressure  steam 

stationary  power  and  heating  plants 44-49 

Visible  smoke  produced  by  all  other  services   ....     55.51 

Total loo.oo 

On  this  basis  high  pressure  steam  stationary 
power  and  heating  plants  rank  first  among  the 
smoke  producing  services  in  Chicago.  It  is  to 
be  noted  that  the  relative  importance  of  this  ser- 
vice, on  the  basis  of  the  visible  smoke  produced, 
is  almost  the  same  as  that  on  the  basis  of  the 
quantity  of  fuel  consumed,  its  proportion  of  the 
visible  smoke  produced  being  44.49  per  cent 
and  that  of  the  fuel  consumed  41.61  per  cent. 
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108.04  Solid  Constituents  of  Smoke  Dis- 
charges from  High  Pressure  Steam  Stationary 
Power  and  Heating  Plants :  All  smoke  from  fires 
sustained  by  solid  fuels  carries  a  certain  burden 
of  solid  constituents.  These  solid  materials  con- 
sist of  particles  of  ash,  particles  of  finely  divided 
combustible  materials  and  of  sooty  particles 
condensed  from  the  distillates  of  fuel.  The 
quantity  and  character  of  the  solids  discharged 
in  smoke  serve  to  indicate  the  extent  to  which 
the  smoke  discharge  in  question  is  responsible 
for  the  presence  of  dust,  cinders  and  soot  in  the 
atmosphere.  Owing  to  the  finely  divided  state 
of  the  solids  emitted  in  the  smoke  of  high  pres- 
sure steam  stationary  power  and  heating  plants, 
the  resulting  pollution  may  be  regarded  as  affecting 
wide  areas,  since  such  materials  are  easily  carried 
by  the  wind  and  air  currents.  Chemical  analyses 
of  the  solid  materials  emitted  in  the  smoke  of  high 
pressure  steam  stationary  power  and  heating 
plants  indicate  that  the  discharges  contain  60  per 
cent  of  ash,  33  per  cent  of  combustible  carbon 
or  particles  of  unconsumed  fuel,  4  per  cent  of 
sooty  materials  condensed  from  the  distillates 
of  fuel,  and  3  per  cent  of  sulphur.  High  pressure 
steam  stationary  power  and  heating  plants  are 
responsible  for  17  per  cent  of  the  total  fuel  dust, 
30  per  cent  of  the  total  fine  cinders,  3  per  cent 
of  the  coarse  cinders,  16  per  cent  of  the  ash, 
28  per  cent  of  the  particles  of  unconsumed  fuel, 
44  per  cent  of  the  sulphur  and  21  per  cent  of 
the  sooty  materials,  or  hydrocarbons,  discharged 
annually  into  the  atmosphere  of  Chicago.  Upon 
the  basis  of  the  total  quantity  of  solids  emitted 
into  the  atmosphere  of  the  city  of  Chicago  an- 
nually, the  relative  importance  of  high  pressure 
steam  stationary  power  and  heating  plants  is 
as  follows: 

TONS  PER  CENT 

Solid  constituents  of  the  smoke  of  high 

pressure  steam  stationary  power  and 

heating  plants .     58,867  .       19.34 

Solid  constituents  of  the   smoke  of  all 

other  services 245,524     •      •       80.66 

Total 304,391     •     •     100.00 

Upon  this  basis  high  pressure  steam  stationary 
power  and  heating  plants  rank  second  among 
the  smoke  producing  services  in  Chicago. 

The  weight  of  the  solid  materials  discharged  by 
these  plants,  58,867  tons,  is  equivalent  to  0.805 
per  cent  of  the  total  fuel  consumed  in  this  service. 


108.05  Gaseous  Constituents  of  Smoke  Dis- 
charges from  High  Pressure  Steam  Stationary 
Power  and  Heating  Plants:  The  gaseous  con- 
stituents of  smoke  consist  of  carbon  monoxid, 
carbon  dioxid,  sulphur  dioxid,  sulphur  trioxid 
and  air.  The  carbon  and  sulphur  compounds 
are  to  be  regarded  as  polluting  gases  in  the 
atmosphere.  The  air  accompanying  the  gaseous 
products  of  combustion  in  the  smoke  discharges 
contains  more  than  the  normal  proportion  of 
nitrogen,  owing  to  depletion  of  .the  oxygen 
content,  part  of  which  combines  with  the  carbon 
and  sulphur  in  the  fuel  to  form  the  carbon  and 
sulphur  compounds  mentioned.  This  excess  of 
nitrogen  may  be  regarded  as  effecting  a  dilution 
of  the  atmosphere,  and  it  is  included  with  the 
carbon  and  sulphur  compounds  as  a  gaseous 
product  of  combustion  in  determining  the  relative 
importance  of  the  different  services  as  producers 
of  polluting  gases.  The  excess  air  in  the  gaseous 
discharges  from  stacks  is  not  considered  in 
these  computations.  The  volume  of  the  gaseous 
products  of  combustion  discharged  annually 
into  the  atmosphere  of  Chicago  by  high  pressure 
steam  stationary  power  and  heating  plants  and 
by  all  other  fuel  consuming  services  of  the  city 
is  as  follows: 


Gases  of  combustion  contained 
in  the  smoke  of  high  pressure 
steam  stationary  power  and 
heating  plants  . 


CUBIC  FEET 


1,864,089,622,260 


PER  CENT 


•          4496 


Gases  of  combustion  contained 
in  the  smoke  of  all  other 
services 2,281,585,715.458 

Total 4.I45.675.337.7I8 


IOO.OO 


Upon  this  basis  high  pressure  steam  stationary 
power  and  heating  plants  rank  first  among  the 
smoke  producing  services  of  Chicago.  Since  the 
gases  discharged  into  the  atmosphere  by  high 
pressure  steam  stationary  power  and  heating 
plants  are  usually  emitted  from  tall  smoke-stacks 
and  chimneys,  they  are  probably  not  objectionable 
to  the  same  extent  as  are  the  gases  of  combustion 
emitted  at  much  lower  altitudes  from  the  stacks 
of  other  services. 

108.06  Relative  Importance  of  High  Pressure 
Steam  Stationary  Power  and  Heating  Plants  as 
a  Source  of  Smoke,  on  Each  of  the  Bases  Con- 
sidered :  The  extent  to  which  high  pressure  steam 
stationary  power  and  heating  plants  contribute 
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to  the  pollution  of  the  atmosphere  of  the  city  of 
Chicago,  on  the  bases  of  fuel  consumed,  visible 
smoke,  solid  constituents  of  smoke  and  gaseous 
constituents  of  smoke,  is  shown  diagrammatically 
by  fig.  31. 

108.07  Conclusions  to  be  Drawn  with  Refer- 
ence to  the  Extent  to  which  Smoke  Discharges 
from  High  Pressure  Steam  Stationary  Power  and 
Heating  Plants  Pollute  the  Atmosphere  of  Chi- 
cago: This  study  of  the  results  of  the  numer- 
ous tests  and  analyses  made  in  connection  with 
the  investigation  of  smoke  discharges  in  the  city 
of  Chicago,  justifies  the  following  conclusions  with 
reference  to  the  extent  to  which  the  smoke  dis- 
charges from  high  pressure  steam  stationary  power 
and  heating  plants  constitute  a  source  of  atmos- 
pheric pollution: 

i.  High  pressure  steam  stationary  power 
and  heating  plants  consume  about  41.6  per 
cent  of  the  total  fuel  consumed  within  the 


city  limits  of  Chicago,  and  rank  first  as  a  fuel 
consuming  service. 

2.  High  pressure  steam   stationary  power 
and  heating  plants  are  responsible  for  44.49 
per  cent  of  the  total  visible  smoke  discharged 
within  the  city  limits  of  Chicago,   and  rank 
first  among  all  services  on  the  basis  of  the 
total  quantity  of  visible  smoke  produced. 

3.  High  pressure  steam  stationary  power 
and  heating  plants  are  responsible  for  19.34 
per  cent  of  the  total  solid  constituents  dis- 
charged into  the  atmosphere  in  the  smoke  of 
all  services  within  the  city  limits  of  Chicago, 
and  rank  second  among  all  services  on  the 
basis  of  the  total  amount  of  solid  materials 
discharged  into  the  atmosphere  in  smoke. 

4.  High  pressure  steam  stationary  po\vcr 
and  heating  plants  are  responsible  for  44.96 
per  cent  of  the  total  polluting  gases  of  com- 
bustion  discharged  into   the  atmosphere  in 
the   smoke   of   all   services   within   the   city 
limits  of  Chicago,  and  rank  first  as  a  service 
producing  polluting  gases  discharged  into  the 
atmosphere  in  smoke. 


HIGH  PRESSURE  PLANTS 


FUEL  CONSUMPTION 


VISIBLE   SAOKE 


SOLIDS  IN  SAOKE 


GASES  IN  SAOKE 


ZONE  A 


High  Pressure  Steam  Stationary 
Power  and  Heating  Rants 

41.611 


High  Pressure   Steam  Stationaiy 

Power  and  Heating  Plants 

44.49  > 


High  Pressure  Steam  Stationary 
Power  and  Heating  Plants 


High  Pressure  Steam  Stationary 

Power  and  Heating  Plants 

44.961 


FIG.   31.    RELATIVE   IMPORTANCE  OF    HIGH    PRESSURE  STEAM  STATIONARY   POWER   AND  HEATING 
PLANTS  AS  A   FUEL  CONSUMING  AND  SMOKE   PRODUCING  SERVICE 
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109.    THE  RELATIVE  IMPORTANCE  OF  LOW  PRESSURE  STEAM  AND 
OTHER  STATIONARY  HEATING  PLANTS  AS  A  SOURCE  OF  SMOKE 


SYNOPSIS:  This  chapter  presents  a  series  of  comparisons  which  serve  to  indicate  the 
amount  of  smoke  discharged  by  low  pressure  steam  and  other  stationary  healing  plants  operating 
within  the  city  of  Chicago,  in  terms  of  the  total  smoke  arising  from  all  solid  fuel  fires  within  the 
city.  Its  purpose  is  to  emphasize  the  smoke  of  a  single  service  by  comparing  it  with  that  of  all 
other  services. 


1 09.01  Purpose  of  this  Study:     The  relative 
importance  of  various  fuel  consuming  services  as 
producers  of  smoke,  and  all  the  data  developed 
by    the    Committee's    investigation    concerning 
the  origin  and  character  of  smoke,  have  already 
been  presented   (chapter   105).     It  is  the  Com- 
mittee's purpose  in  the  present  chapter  to  empha- 
size the  contributions  to  the  smoke  of  Chicago's 
atmosphere  which  are  made  by  low  pressure  steam 
and   other   stationary  heating   plants    (including 
the  smoke  from  domestic  fires),  in  their  relation 
to  the  contributions   of  smoke   from  all  other 
services. 

109.02  Fuel    Consumption   of   Low   Pressure 
Steam   and    Other    Stationary   Heating   Plants: 
There  are  within  the  city  of  Chicago  more  than 
11,000   low  pressure   steam  boilers  in   which   a 
steam  pressure  of  less  than  ten  pounds  per  square 
inch    is    maintained.     There    are    also    several 
hundred  thousand  domestic  heating  furnaces  and 
stoves  in  houses  and  stores.     In  point  of  number 
of  establishments,  therefore,  the  service  involved 
by  the  classification   "low  pressure  steam  and 
other  stationary  heating  plants"  is  many  times 
larger  than  any  other  service  considered  in  the 
Committee's  investigation.     The  various  types  of 
furnaces  employed,  the  many   different  methods 
of  firing  used  and  the  variety  of  fuels  burned, 
all  render  this  service  more  complex  than  any  of 
the  others  considered.     Any  effort  to  abate  the 
smoke  from  these  fires  involves,  also,  the  atten- 
tion of  a  much  larger  number  of  persons  than 
is  the  case  with  any  other  service.     The  Com- 
mittee's   determinations,    however,    were    made 
essentially    along    the    same   lines  employed    in 
connection    with   the   other   services. 

The    amount    of    smoke    discharged    into    the 
atmosphere   by   low   pressure   steam   and   other 


stationary  heating  plants  is  a  function  of  the 
quantity  of  fuel  consumed  in  that  service,  and 
the  character  of  the  smoke  discharged  is  dependent 
to  some  extent  upon  the  character  of  the  fuel. 
On  the  basis  of  the  quantity  of  fuel  consumed 
during  the  year  1912.  the  relative  importance 
of  low  pressure  steam  and  other  stationary 
heating  plants  as  a  fuel  consuming  service  within 
the  city  of  Chicago,  is  as  follows: 

TOSS  PER  CENT 

By  low   pressure   steam  and  other 

stationary  heating  plants       .      .      .     4,154,746   .      .      23.63 
By  all  other  services 13.427,777   .      .      76.37 


Total 


•   17.582.523  • 


100.00 


On  this  basis  low  pressure  steam  and  other 
stationary  heating  plants  rank  second  among  the 
fuel  consuming  services  in  the  city  of  Chicago. 
It  should  be  noted,  however,  that  this  service 
ranks  first  in  the  consumption  of  anthracite  coal, 
burning  more  than  96  per  cent  of  the  total  amount 
of  such  fuel  consumed  within  the  city  of  Chicago. 
Approximately  38  per  cent  of  the  total  amount  of 
fuel  consumed  by  low  pressure  steam  and  other 
stationary  heating  plants  in  Chicago  consists  of 
anthracite  coal,  about  41  per  cent  is  bituminous 
coal,  20  per  cent  is  semi -bituminous,  and  the 
remaining  i.o  per  cent  is  coke.  Another  signifi- 
cant feature  to  be  considered  in  connection  with 
the  fuel  consumption  of  low  pressure  steam  and 
other  stationary  heating  plants  lies  in  the  fact 
that  nearly  all  the  fuel  is  burned  during  the 
winter  months.  That  the  character  of  the  fuel 
has  an  important  bearing  upon  the  character  of 
the  constituents  of  the  smoke  is  shown  by  the 
results  set  forth  in  the  following  sections.  But 
these  results  also  show  that  the  extent  to  which 
low  pressure  steam  and  other  stationary  heating 
plants  contribute  to  the  pollution  of  the  atmos- 
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phere  by  smoke  discharges  depends  not  alone  upon 
the  character  and  amount  of  fuel  consumed  but 
also  upon  other  factors  incident  to  the  conditions 
under  which  the  fuel  is  burned.  The  effect 
of  all  such  factors  is  to  be  seen  in  the  results. 

109.03  Visible  Smoke  from  Low  Pressure 
Steam  and  Other  Stationary  Heating  Plants: 
Visibility  as  a  quality  of  smoke  has  reference  to 
that  property  which  renders  smoke  emissions 
suspended  in  the  atmosphere  apparent  to  the 
eye.  It  suggests  the  cloud  effects  of  smoke 
discharges.  As  a  result  of  the  Committee's 
investigations,  it  has  been  determined  that  the 
relative  importance  of  low  pressure  steam  and 
other  stationary  heating  plants,  as  producers  of 
visible  smoke  in  the  city  of  Chicago,  is  as  follows: 

PER  CENT 

Visible  smoke  produced  by  low  pressure  steam  and  other 

stationary   heating  plants 3.93 

Visible  smoke  produced  by  all  other  services      .     .     .       96.07 

Total loo.oo 

On  this  basis  low  pressure  steam  and  other 
stationary  heating  plants  rank  fourth  as  a  smoke 
producing  service  in  the  city  of  Chicago.  While 
this  class  of  service  consumes  more  than  23.5  per 
cent  of  the  total  amount  of  fuel  consumed  by  all 
services  combined,  it  contributes  less  than  4  per 
cent  of  the  total  visible  smoke  produced  by  all 
services  within  the  city  of  Chicago.  This  low 
percentage  of  visible  smoke  is  largely  due  to  the 
character  of  fuel  used,  to  the  dilution  of  the 
smoke  through  the  intermingling  of  large  percent- 
ages of  excess  air  and  to  the  average  low  velocity 
at  which  gases  pass  from  the  stack  into  the 
atmosphere.  This  visibility  is  lower  than  that 
which  attends  the  discharges  from  other  services, 
and  as  a  consequence  the  dissipation  of  the  gases 
in  the  atmosphere  proceeds  more  rapidly.  Bitu- 
minous coals  represent  but  41  per  cent  of  the 
total  fuel  consumed  by  low  pressure  steam  and 


other  stationary  heating  plants  in  the  city  of 
Chicago,  and  this  bituminous  coal  produces 
practically  all  of  the  visible  smoke  emitted  by 
this  service. 

109.04  Solid  Constituents  of  Smoke  Dis- 
charges from  Low  Pressure  Steam  and  Other 
Stationary  Heating  Plants:  Smoke  from  fires 
sustained  by  solid  fuels  contains  solid  constituents. 
This  solid  material  may  have  the  form  of  particles 
of  ash,  of  particles  of  partially  consumed  fuel  or 
of  sooty  particles  condensed  from  the  distillates 
of  fuel.  On  the  basis  of  the  total  quantity  of 
such  solid  constituents  in  the  smoke  annually 
discharged  into  the  atmosphere,  the  relative 
importance  of  low  pressure  steam  and  other 
stationary  heating  plants,  as  a  smoke  producing 
service  in  the  city  of  Chicago,  is  as  follows: 

TONS  PER  CENT 

Solid  constituents  of  the  smoke  of  low  pres- 
sure steam  and  other  stationary  heating 
plants 26,180  .  .  8.60 

Solid  constituents  of  the  smoke  of  all  other 

services 278,211    .      .     91.40 

Total 304,391   .      .    100.00 

On  this  basis  low  pressure  steam  and  other 
stationary  heating  plants  rank  third  among  the 
smoke  producing  services  in  the  city  of  Chicago. 

The  amount  of  each  kind  of  fuel  consumed  by 
low  pressure  steam  and  other  stationary  heating 
plants,  and  the  relative  quantity  of  each  of  the 
solid  constituents  in  the  smoke  discharges  charge- 
able to  each  kind  of  fuel,  are  given  in  table  CVII. 

While  anthracite  coal  constitutes  38  per  cent 
of  the  total  amount  of  fuel  burned  by  low  pressure 
steam  and  other  stationary  heating  plants  in 
Chicago,  its  contribution  to  the  solid  constituents 
of  the  smoke  is  low,  amounting  to  only  0.138  per 
cent  of  the  weight  of  fuel  consumed.  Bituminous 
coal,  which  constitutes  about  41  per  cent  of  the 
fuel  consumed  by  low  pressure  steam  and  other 
stationary  heating  plants,  is  responsible  for 


TABLE  CVII.     SOLID  CONSTITUENTS  OF  THE  SMOKE  OF  LOW  PRESSURE  STEAM  AND  OTHER  STATIONARY  HEATING  PLANTS. 

CITY  OF  CHICAGO 


Kind  of  Fuel 

Tons  of  Fuel 
Consumed 

Tons  of  Solids  by  Physical  Analyse* 

Tons  of  Solids  by  Chemical  Analyses 

Total 
Weight 
of  Solids 

Solids 
in  Per  Cent 
of  Fuel 
Burned 

Coarse 
Cinders 

Fine 
Cinder* 

Fuel  Dust 

Hydro- 
(  !«rboni 
(Tar) 

Combustible 
BoUdi 
(Carbon) 

Mineral 
Matter 
(A*) 

Sulphur 

I 

2 

3 

4 

5 

e 

7 

8 

9 

10 

11 

Coke  

41.181 
1,577,761 
849,185 
1,686,619 

0 

0 
0 
0 

0 
0 
628.4 
1,450.5 

92.0 

2,177.0 
3,532.6 
18,299.5 

27.6 
15.9 
475.6 
6,207.4 

•          34.7 

i.i>l  ii 
2.284.4 
8,701.9 

.      29.7 
1,467.1 
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Approximately  70  per  cent  of  the  cinders,  76  per 
of  the  fuel  dust,  92  per  cent  of  the  hydro- 
carbons (tar),  74  per  cent  of  the  combustible 
solids,  60  per  cent  of  the  mineral  matter  (ash), 
98  per  cent  of  the  sulphur  and  more  than  75 
per  cent  of  the  total  solids  emitted  in  the  smoke 
of  this  service. 

From  the  standpoint  of  the  total  weight  of 
hydrocarbons,  low  pressure  steam  and  other  sta- 
tionary heating  plants  rank  first,  contributing  57 
per  cent  of  the  total  quantity  of  such  materials 
emitted  by  all  services  into  the  atmosphere  of 
the  city  of  Chicago. 

109.05  Gaseous  Constituents  of  Smoke  Dis- 
charges from  Low  Pressure  Steam  and  Other 
Stationary  Heating  Plants:  The  gaseous  con- 
stituents of  smoke  consist  of  carbon  dioxid,  carbon 
monoxid,  sulphur  dioxid,  sulphur  trioxid  and  air. 
The  sulphur  and  carbon  compounds  are  to  be 
regarded  as  polluting  gases  in  the  atmosphere. 
The  air  accompanying  the  gaseous  products  of 
combustion  in  the  smoke  discharges  contains 
more  than  the  normal  proportion  of  nitrogen 
owing  to  the  depletion  of  the  oxygen  content, 
part  of  which  combines  with  the  carbon  and  sul- 
phur in  the  fuel  to  form  the  carbon  and  sulphur 
compounds  mentioned.  This  excess  of  nitrogen, 
may  be  regarded  as  effecting  a  dilution  of  the 
atmosphere,  and  it  is  included  with  the  carbon 
and  sulphur  compounds  as  a  gaseous  product  of 
combustion.  The  excess  air  discharged  with 
these  gases  is  not  considered  in  making  the 
determinations. 

The  volume  of  the  gaseous  products  of  com- 
bustion discharged  annually  into  the  atmosphere 
of  Chicago  by  low  pressure  steam  and  other 
stationary  heating  plants,  and  by  all  other  smoke 
producing  services,  is  as  follows: 


CUBIC  FEET 

Gases  of  combustion  contained 
in  the  smoke  of  low  pressure 
steam  and  other  stationary 
heating  plants 953,389.137.414 

Gases  of  combustion  contained 
in  the  smoke  of  all  other 
services 3,192,286.200,304 


Total 


4.145.675,337.718 


PER  CENT 

.       .      33.00 

.       .       77-00 
.     100.00 


Upon  this  basis  low  pressure  steam  and  other 
stationary  heating  plants  rank  second  among 
the  smoke  producing  services  of  Chicago. 

109.06  Relative  Importance  of  Low  Pressure 
Steam    and    Other    Stationary   Heating    Plants 
as   Smoke   Producers,  on   each   of   the   Bases 
Considered:    The  extent  to  which  low  pressure 
steam  and  other  stationary  heating  plants  con- 
tribute to  the  pollution  of  the  atmosphere  of  the 
city  of  Chicago,  on  the  bases  of  fuel  consumed, 
visible  smoke,  solid  constituents  of -smoke  and 
gaseous  constituents  of  smoke,  is  shown  diagram- 
matically  by  fig.  32. 

109.07  Conclusions  to  be  Drawn  with  Ref- 
erence to  the  Extent  to  which  Smoke  Discharges 
from  Low  Pressure  Steam  and  Other  Stationary 
Heating    Plants    Pollute    the    Atmosphere    of 
Chicago :     The  results  of  the  Committee's  numer- 
ous tests  and  analyses  made  in  connection  with 
the  investigation  of  smoke  discharges  in  the  city 
of  Chicago,    justifies    the   following   conclusions 
with  reference  to  the  extent  to  which  the  smoke 
discharges   from  low  pressure  steam  and   other 
stationary    heating   plants   constitute    a    source 
of  atmospheric  pollution: 

1 .  Low  pressure  steam  and  other  stationary 
heating  plants  consume  23.63  per  cent  of  the 
total  fuel  consumed  within  the  city  of  Chicago. 

2 .  Low  pressure  steam  and  other  stationary 
heating  plants  are  responsible  for    3.93   per 
cent  of  the  total  visible  smoke  discharged 
within  the  city  of  Chicago. 

3.  Low  pressure  steam  and  other  stationary 
heating  plants  are  responsible  for  8.60  per 
cent  of  the  total  solid  constituents  discharged 
into  the    atmosphere    in    the   smoke  of  all 
services  within  the  city  of  Chicago. 

4.  Low  pressure  steam  and  other  stationary 
heating  plants  are  responsible  for  about  57 
per  cent  of  the  total  hydrocarbons,  or  sooty 
materials  condensed  from  the  distillates  of 
fuel,  discharged  into  the  atmosphere  in  the 
smoke    of  all    services  within    the    city  of 
Chicago. 

5.  Low  pressure  steam  and  other  stationary 
heating  plants  are  responsible  for  23  per  cent 
of  the  total  gases  of  combustion  discharged 
into  the  atmosphere  in    the    smoke   of  all 
services  within  the  city  of  Chicago. 


110.    THE  RELATIVE  IMPORTANCE  OF  METALLURGICAL  AND 
MANUFACTURING  PLANTS  AS  A  SOURCE  OF  SMOKE 


SYNOPSIS:  This  chapter  presents  a  series  of  comparisons  which  serve  to  indicate  the 
amount  of  smoke  discharged  by  metallurgical  and  manufacturing  plants  operating  within  the 
city  of  Chicago,  in  terms  of  the  total  smoke  arising  from  all  solid  fuel  fires  within  the  city.  Its 
purpose  is  to  emphasize  the  smoke  of  a  single  service  or  group  of  similar  services,  by  comparing 
it  with  that  of  all  other  services. 


1 10.01  Purpose  of  this  Study:     The  relative 
importance  of  various  fuel  consuming  services  as 
producers  of  smoke,  and  all  the  data  developed 
by  the  Committee's  investigation  concerning  the 
origin    and    character    of    smoke,  have    already 
been  presented  (chapter   105).     It  is  the  Com- 
mittee's purpose  in   this   chapter   to  emphasize 
the  contributions  to  the  smoke  of  Chicago's  at- 
mosphere which  are  made  by  metallurgical  and 
manufacturing   plants,   in   their   relation   to   the 
contributions  of  all  other  services  combined.    For 
the   present  purpose,  there  are  included   under 
the    classification   "metallurgical    and    manufac- 
turing plants"  the  following: 

1.  Steel  plants,   foundries,   forges  and  allied 
processes. 

2.  Brick,  pottery  and  allied  processes. 

3.  Miscellaneous     manufacturing,     rendering 
and  other  processes. 

4.  Gas  and  coke  plants,  heretofore  considered 
as  a  separate  service. 

All  steam  boiler  power  plants  used  in  metal- 
lurgical and  manufacturing  plants  are  included 
under  high  pressure  plants  in  chapter  108  and 
are  therefore  omitted  from  this  classification. 

1 10. 02  Fuel    Consumption    of    Metallurgical 
and    Manufacturing    Plants:    The    amount    of 
smoke  discharged  into  the  atmosphere  by  any 
service   is   a   function   of   the   quantity   of   fuel 
consumed  in  that  service,  and  the  character  of 
the    smoke    discharged    is    dependent    to    some 
extent  upon   the   character  of   the   fuel.     With 
particular   reference  to  the  smoke  from  the  fur- 
naces of  steel  plants,  foundries,  forges  and  allied 
processes,  in  many  of  which  the  fires  are  in  direct 
contact  with  the  material  which  is  being  treated 
or  refined,  the  character  of  the  smoke  discharged 
is  influenced  by  the  composition  of  this  material. 


Approximately  78  per  cent  of  the  total  fuel 
consumed  by  metallurgical  and  manufacturing 
plants  consists  of  coke.  As  a  coke  consuming 
service,  metallurgical  and  manufacturing  plants 
rank  first,  using  98.6  per  cent  of  the  total  quan- 
tity of  coke  consumed  by  all  fuel  consuming  serv- 
ices in  Chicago.  The  relative  importance  of  this 
service,  on  the  basis  of  the  amount  of  fuel  con- 
sumed during  the  year  1912  within  the  city  of 
Chicago,  is  as  follows: 

TONS 

Consumed  by  metallurgical  and  manu- 
facturing plants 3,931,101 

Consumed   by   all   other   services     .     13,651,422 

Total 


PERC 1  M 

22.36 
-7-64 


17-582.523 


I.. II. I  10 


On  this  basis  metallurgical  and  manufacturing 
plants  rank  third  among  the  fuel  consuming 
services  of  Chicago. 

110.03  Visible  Smoke  from  Metallurgical  and 
Manufacturing  Plants:  Visibility  as  a  quality 
of  smoke  has  reference  to  that  property  which 
renders  smoke  emissions  suspended  in  the  atmos- 
phere apparent  to  the  eye.  It  suggests  the  cloud 
effects  of  smoke  discharges  and  the  effects  of 
smoke  in  intercepting  sunlight.  A  standard 
measure  of  visibility  is  supplied  by  an  arbitrary 
scale  shading  from  white  to  black,  with  which 
the  smoke  to  be  observed  may  be  compared. 
This  is  commonly  referred  to  as  the  Ringelmann 
scale  (section  105.02).  As  a  result  of  the  Com- 
mittee's investigation,  it  has  been  determined 
that  the  relative  importance  of  metallurgical  and 
manufacturing  plants,  as  producers  of  visible 
smoke  in  the  city  of  Chicago,  is  as  follows: 

PERCENT 

Visible  smoke  produced  by  metallurgical  and   manu- 
facturing plants     .      .      .      .      : 28.78 

Visible  smoke  produced  by  all  other  services     .      .      .       71.22 


Total 
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On  this  basis,  metallurgical  and  manufacturing 
plants  rank  second  among  the  smoke  producing 
services  of  Chicago.  It  should  be  noted,  however, 
in  the  case  of  annealing  or  melting  furnaces, 
in  which  the  fire  from  the  fuel  comes  directly 
in  mn tact  with  material  which  is  being  refined 
or  treated,  such  material  is  responsible  for 
an  appreciable  proportion  of  the  visible  smoke 
discharged. 

110.04  Solid  Constituents  of  Smoke  Dis- 
charges from  Metallurgical  and  Manufacturing 
Plants:  All  smoke  from  fires  sustained  by  solid 
fuels  contains  a  certain  proportion  of  solid 
constituents.  This  solid  material  may  have  the 
form  of  particles  of  mineral  matter  (including 
ash),  of  particles  of  partially  consumed  fuel,  or  of 
sooty  particles  condensed  from  the  distillates  of 
fuel.  The  smoke  from  the  fires  of  steel  plants, 
foundries  and  forges  also  carries  a  large  burden 
of  solid  particles  having  their  origin  in  materials 
being  treated  or  refined. 

The  relative  importance  of  metallurgical  and 
manufacturing  plants,  on  the  basis  of  the  total 
quantity  of  solid  constituents  annually  discharged 
in  the  smoke  of  Chicago,  is  as  follows: 

TONS  PERCENT 

Solid  constituents  of  the  smoke  of  metal- 
lurgical and  manufacturing  plants  .  .  195,599  .  -  64.26 

Solid  constituents  of  the  smoke  of  all  other 

services 108,792  .  .  35.74 

Total 


304,39" 


100.00 


On  this  basis,  metallurgical  and  manufactur- 
ing plants  rank  first  among  the  smoke  producing 
services  in  the  city  of  Chicago,  although  they 
consume  but  22  per  cent  of  the  total  fuel  of  all 
sen-ices.  Of  the  total  solid  constituents  in  the 
smoke  of  all  services  in  Chicago,  steel  plants, 
foundries,  forges  and  allied  processes  produce 
63.60  per  cent,  brick,  pottery  and  allied  proces- 
ses contribute  0.42  per  cent,  and  miscellaneous 
manufacturing,  rendering  and  other  processes 
produce  0.24  per  cent.  Obviously,  no  close  rela- 
tion exists  between  the  quantity  of  fuel  consumed 
by  the  furnaces  of  steel  plants,  foundries  and 
allied  processes,  and  the  amount  of  solid  con- 
stituents in  the  smoke  which  they  discharge  in- 
to the  atmosphere.  This  is  due  to  the  causes 
already  explained. 

Of  the  total  solid  materials  in  the  smoke  of  all 
services  in  the  city  of  Chicago,  metallurgical  and 
manufacturing  plants  are  responsible  for  33  per 


cent  of  the  coarse  cinders  (those  remaining  »n  a 
ao-mesh  sieve),  47  per  cent  of  the  fine  cinders 
(those  remaining  on  a  aoo-mesh  sieve),  and  70 
per  cent  of  the  fuel  dust  (those  cinders  passing 
through  a  aoo-mesh  sieve).  They  are  responsible 
al  "  for  21  per  cent  of  the  hydrocarbons 
35  per  cent  of  the  combustible  solids  (carbon), 
76  per  cent  of  the  mineral  matter  and  30  per  cent 
of  the  sulphur. 

That  76  per  cent  of  the  total  mineral  matter 
discharged  in  the  smoke  of  all  services  is  produced 
by  steel  plants,  foundries,  forges  and*  allied  pro- 
cesses, in  which  coke  constitutes  78  per  cent 
of  the  fuel,  is  sufficient  evidence  of  the  fact  that 
the  heavy  contribution  of  such  furnaces  to  the 
solids  in  the  smoke  discharges  is  attributable, 
to  a  great  extent,  to  the  material  being  treated. 

110.05  Gaseous  Constituents  of  Smoke  Dis- 
charges from  Metallurgical  and  Manufacturing 
Plants:  The  gaseous  constituents  of  smoke  con- 
sist of  carbon  dioxid,  carbon  monoxid,  sulphur 
dioxid,  sulphur  trioxid  and  air.  The  sulphur 
and  carbon  compounds  are  to  be  regarded  as 
polluting  gases  in  the  atmosphere.  The  air  ac- 
companying the  gaseous  products  of  combustion 
in  the  smoke  discharges  contains  more  than 
the  normal  proportion  of  nitrogen,  owing  to  the 
depletion  of  the  oxygen  content,  part  of  which 
combines  with  the  carbon  and  sulphur  in  the 
fuel  to  form  the  carbon  and  sulphur  compounds 
mentioned.  This  excess  of  nitrogen  may  be  re- 
garded as  effecting  a  dilution  of  the  atmosphere, 
and  it  is  included  with  the  carbon  and  sulphur 
compounds  as  a  gaseous  product  of  combustion. 
The  excess  air  discharged  with  these  gases  is  not 
considered  in  making  the  determinations. 

The  total  volume  of  the  gaseous  products  of 
combustion  annually  discharged  into  the  atmos- 
phere of  Chicago  by  metallurgical  and  manu- 
facturing plants,  and  by  all  other  fuel  consuming 
services  of  the  city,  is  as  follows: 


Gases  of  combustion  contained 
in  the  smoke  of  metallurgical 
and  manufacturing  plants  . 

Gases  of  combustion  contained 
in  the  smoke  of  all  other 
services  

Total  . 


CUBIC  FEET 


876,087,850,456 


PER  CENT 
.         21.13 

.       ^8.87 
100.00 


Upon  this  basis  metallurgical  and  manufactur- 
ing plants  rank  third  among  smoke   producing 
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services  in  Chicago.  Steel  -  plants,  foundries, 
forges  and  allied  processes  are  responsible  for 
more  than  98  per  cent  of  the  polluting  gases 
contributed  by  this  service,  the  remaining  2.0 
per  cent  being  contributed  by  brick  and  pottery 
kilns,  and  by  furnaces  used  for  miscellaneous 
manufacturing  processes. 

110.06  Relative  Importance  of  Metallurgical 
and  Manufacturing  Plants  as  Smoke  Producers 
on  Each  of  the  Bases  Considered:     The  extent 
to  which  metallurgical  and  manufacturing  plants 
contribute  to  the  pollution  of  the  atmosphere 
of  the  city  of  Chicago,  on  the  bases  of  fuel  con- 
sumed, visible  smoke,  solid  constituents  of  smoke 
and   gaseous   constituents   of   smoke,    is   shown 
diagrammatically  by  fig.  33. 

110.07  Conclusions  to  be  Drawn  with  Ref- 
erence to  the  Extent  to  which  Smoke  Discharges 
from   Metallurgical    and    Manufacturing   Plants 
Pollute  the  Atmosphere  of  Chicago:    This  study 
of  the  results  of  the  Committee's  numerous  tests 
and  analyses  made  in  connection  with  the  investi- 
gation of  smoke  discharges  justifies  the  following 
conclusions  with  reference  to  the  extent  to  which 
the  smoke  discharges  from  metallurgical  and  man- 
ufacturing plants  constitute  a  source  of  atmos- 
pheric pollution: 


1 .  Metallurgical  and  manufacturing  plants 
consume  22.36  per  cent  of  the  total  amount 
of  fuel  and  98.6  per  cent  of  the  coke  con- 
sumed  within   the  city  limits  of   Chicago, 
ranking  third  as  a  fuel  consuming  service 
and  first  in  the  consumption  of  coke. 

2.  Metallurgical  and  manufacturing  plants 
are  responsible  for  28.78  per  cent  of  the  to- 
tal visible  smoke  discharged  within  the  city 
limits  of  Chicago. 

3 .  Metallurgical  and  manufacturing  plants 
are  responsible  for  64.26  per  cent  of  the  total 
solid  constituents  discharged  into  the  atmos- 
phere in  the  smoke  of  all  services  within  the 
city  limits  of  Chicago. 

4.  Metallurgical  and  manufacturing  plants 
are  responsible  for  76  per  cent  of  the  total 
mineral  matter  discharged  into  the  atmos- 
phere in  the  smoke  of  all  services  within 
the  city  limits  of  Chicago. 

5.  Metallurgical  and  manufacturing  plants 
are  responsible  for  21.13  Per  cent  of  the  total 
gases  of  combustion  discharged  into  the  at- 
mosphere in  the  smoke  of  all  services  within 
the  city  limits  of  Chicago. 

6.  Steel  plants,  foundries,  forges  and  allied 
processes  are  responsible  for  about  98  per 
cent  of  both  the  solid  constituents  of  smoke 
and  the  gaseous  constituents  of  smoke  from 
all  metallurgical  and  manufacturing  plants 
within  the  city  limits  of  Chicago. 
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111.     SMOKE   FROM   OIL   FUELS 


S]'NOPSIS:  The  Committee's  investigations  relating  to  fuel  consumption  and  smoke,  the 
results  of  which  are  presented  in  the  preceding  chapters  of  this  report,  have  dealt  entirely  with  solid 
fuels  and  with  the  smoke  arising  from  their  combustion.  It  is  the  purpose  of  this  chapter  to  con- 
sider the  extent  to  which  oil  fuels  are  used  in  the  Area  of  Investigation  and  to  discuss  the  effects  of 
the  smoke  of  such  fuels. 


1 1 1. 01  The  Consumption  of  Oil  within  the 
Area  of  Investigation:  The  Committee's  studies 
of  fuel  consumption  and  smoke  have  dealt  chiefly 
with  solid  fuels  and  with  the  products  of  their 
combustion.  The  amounts  of  coal  and  coke  con- 
sumed in  the  furnaces  of  the  various  services  have 
been  determined  with  accuracy.  The  results  of 
this  study  have  already  been  set  forth  (chapter 
104).  A  statistical  study  of  fuel  oils  has  not 
been  included  in  the  Committee's  investigations 
since  the  relative  importance  of  such  oils  as  com- 
pared with  solid  fuels  is  not  great.  Oil  is  regard- 
ed, however,  of  sufficient  importance  as  a  fuel  to 
warrant  a  brief  review  of  the  facts  concerning  its 
use  and  a  study  of  its  significance  as  a  source  of 
atmospheric  pollution. 

Illinois  is  one  of  the  chief  oil  producing  states. 
During  the  period  from  1906  to  1912,  inclusive, 
it  produced  a  total  of  196,500,000  barrels  of  pe- 
troleum, of  42  gallons  each.  Its  yield  in  the 
Committee's  statistical  year,  1912,  amounted  to 
28,601,308  barrels,  or  approximately  13  per  cent 
of  the  yield  of  the  entire  country  for  that  year. 
This  annual  production  exceeds  the  amount 
produced  by  any  other  states,  except  Oklahoma 
and  California.*  While  no  detailed  survey  has 
been  made,  estimates  indicate  that  the  amount 
of  oil  delivered  to  points  within  the  Area  of 
Investigation  during  1912  was  as  follows  :t 


BBLS.   (5O  GALS.) 

Crude  or  low  distillate  oils  .  3,510,840  . 
Refined  oil  (kerosene)  .  .  .  231,579  . 
Naphtha  and  gasoline  .  .  .  514,613  . 

Total 4.*57,032     . 


GALLONS 

175,542,000 

".578,950 

25.730.650 

212,851,600 


Three  barrels  of  crude  oil  in  industrial  furnaces 
or  in  furnaces  under  steam  boilers  may  be  assumed 

•"The  Mineral  Industry."  Vol.  XXII,  1914. 

.  t  The  estimates  of  oil  deliveries  herein  presented  were  made  on  the  basis  of 
information  obtained  through  the  assistance  of  Mr.  L.  J.  Drake.  Chicagu. 
(See  Archive*  of  the  Committee,  Vol.  D.) 


to  be  the  equivalent  of  a  ton  of  Illinois  coal. 
Thus,  3,510,840  barrels  of  oil  are  approximately 
the  equivalent  of  1,170,000  tons  of  coal,  or  ap- 
proximately 5.5  per  cent  of  the  total  annual 
consumption  of  solid  fuels  within  the  Area  of 
Investigation. 

1 1 1. 02  Products  of  Combustion  of  Fuel  Oils: 
Crude  or  low  distillate  oils  are  chiefly  used 
in  industrial  furnaces  and  in  furnaces  serving 
steam  boilers;  a  small  but  steadily  increasing 
amount  is  used  in  internal  combustion  engines. 
The  use  of  such  oils  for  industrial  purposes  in- 
volves the  same  possibilities  in  the  development  of 
smoke  as  attend  the  use  of  solid  fuels.  With  the 
proper  regulation  of  conditions  affecting  com- 
bustion, the  smoke  from  oil  fuels  may  be  invisible, 
but  the  maintenance  of  such  conditions  is  often 
attended  by  practical  difficulties.  Under  condi- 
tions unfavorable  to  perfect  combustion,  the 
smoke  from  oil  fires  becomes  dense.  Results 
obtained  from  an  examination  of  a  number  of 
typical  stacks  serving  industrial  oil  fires  show 
that,  while  the  solid  constituents  of  the  smoke 
discharged  by  them  are  by  .no  means  negligible, 
the  amount  of  visible  smoke  is  not  great.  The 
facts  of  record  have  been  summarized  and  are 
presented  as  table  CVIII. 

In  explanation  of  the  results  presented  in 
table  CVIII,  it  should  be  noted  that,  of  the  solid 
constituents  of  smoke  referred  to,  the  tar  and 
carbon  are  of  fuel  origin.  In  tests  Nos.  26,  46 
and  48,  however,  the  mineral  matter  (ash)  had 
its  origin  chiefly  in  the  material  being  treated. 
For  example,  tests  Nos.  26  and  48  involved  brass 
melting  furnaces,  and  the  mineral  matter  detected 
in  the  smoke  discharges  was  largely  oxid  of  zinc. 
Tests  Nos.  45  and  42  involved  annealing  furnaces 
in  which  the  oil  burning  flame  did  not  come  in 
direct  contact  with  the  material  under  treatment, 
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and  for  these  tests  the  solids  emitted,  -including 
the  mineral  matter,  were  chiefly  or  entirely  of 
fuel  origin. 

111.03  Comparison  of  Fuel  Oil  and  Coal  as 
Smoke  Producers:  Results  of  observations  of 
smoke  discharged  by  stacks  serving  special  indus- 
trial furnaces  fired  with  coal,  which  may  be 
compared  with  the  results  of  observations  of 
similar  furnaces  fired  with  oil,  hereinbefore 
presented,  are  set  forth  as  table  CIX. 


tively  low  for  this  class  of  furnace,  it  was  con- 
siderably higher  than  that  detected  in  the  smoke 
of  the  oil  burning  furnaces  of  tests  Nos.  45  and  42. 
The  results  which  are  set  forth  in  the  preceding 
paragraph  are  entirely  consistent  with  the  view 
entertained  by  those  who  are  familiar  with  the  use 
of  oil  as  a  fuel  for  industrial  fires.  The  super- 
iority of  the  oil,  from  the  standpoint  of  smoke 
abatement,  when  used  for  industrial  fires,  is  not 
questioned. 


TABLE  CVIII.     SMOKE  DISCHARGED  BY  STACKS  SERVING  SPECIAL  FURNACES   FIRED   WITH  OIL 


Teat 
No. 

Kind 
of 
Fuel 

Dura- 
tion 

MM, 

Lbs. 
of 
Oil 

Smoke 
Density 
Per 
Cent 

Solid  Constituent* 
Pound) 

Solid  Constituents 
in  Per  Cent  of  Fuel  Fired 

Hydro- 
Carbons 
(Tsr) 

Com- 
bustible 
Solids 
[Carton] 

Mineral 
Matter 
(Ash) 

Sulphur 

Total 

Hydro- 
Carbons 
(Tar) 

COB- 

lmst.1,1.' 

BotkU 

(Carbon) 

Mineral 

Matter 

«  \,hi 

Sulphur 

Total 

1 

2 

3 

4 

6 

i, 

7 

s      !      a 

10 

11 

12 

13 

14 

15 

26 
45 
46 
48 
42 

Fuel  Oil 
Texas  Crude 

130 
414 

433 
336 

ISO 

|>,J 
is/,;., 
I  

|i 

IUNI 

14.M 
0 
0 
0 
0 

0.3 
8.1 
4.4 

1.4 

<i  1 

7.3 
5.4 
9.5 
13.1 

n    i 

.•i  ,. 
5.9 

S3 
395 
0.4 

0.8 
0.3 

• 

0.3 

• 

33(1 
18.7 
19.2 
54.3 
0.8 

i  I 
nm:t 

1    MM 

0.414 

IHI1H 

i.wa 

1  I.I  US 

j  tat 

.ISM 
II  (Wl 

5.322 
0.031 
1.305 

II    LSI 
IIINI7 

ii  17:i 
0.002 

0.089 

7.143 

0.104 

1  7->s 
ll.li,,.-, 
n  Mil 

•  Not  determined. 

The  furnaces  referred  to  in  table  CIX  are  gen- 
erally similar  to  those  listed  in  table  CVIII,  and 
the  results  may  be  directly  compared  with  the 
results  of  tests  Nos.  45  and  42,  since  the  constit- 
uents of  the  smoke  discharged  from  the  stacks  for 
these  tests  are  almost  entirely  of  fuel  origin.  The 
furnaces  represented  in  tests  Nos.  31,  32,  63  and 
•64  consumed  producer  gas  made  from  coal  in  a 
producer  of  the  pressure  type.  The  gas  was 
passed  directly  into  an  annealing  or  reheating 
furnace  and  there  burned,  the  products  of  com- 
"bustion  passing  into  a  flue  and  thence  to  the 
stack.  With  the  exception  of  test  No.  49,  in 
which  anthracite  was  used,  the  visible  smoke 
-density-  was  higher  than  that  produced  by  the 
oil  burning  furnaces.  The  results  of  tests 
Nos.  31  and  32  disclose  a  relatively  high  per- 
centage of  tar;  and  while  the  amount  of  solid 
constituents  contained  in  the  smoke  was  rela- 


The  low  sulphur  content  in  the  smoke  from  oil 
fires  provides  an  additional  reason  for  the  belief 
that  the  smoke  from  such  fires  is  less  objection- 
able than  that  which  arises  from  solid  fuel. 

As  previously  noted,  the  smoke  arising  from 
oil  fires  has  not  been  included  in  that  charged 
to  the  various  services  in  the  Committee's  sur- 
vey as  set  forth  in  chapter  105.  The  effects  of 
smoke  arising  from  all  possible  sources,  however, 
are  comprehended  in  the  Committee's  study  of 
the  atmosphere  of  Chicago,  the  results  of  which 
are  hereinafter  set  forth  (chapter  113). 

111.04  Products  of  Combustion  of  Refined 
Oils:  The  oils  designated  as  "refined"  may  be 
assumed  to  be  kerosene,  and  of  the  231,579 
barrels  consumed  annually  within  the  Area  of 
Investigation,  it  is  estimated  that  10  per  cent 
(about  23,000  barrels)  is  used  in  domestic  stoves 
for  cooking.  The  remaining  amount  serves  for 


TABLE  CIX.     SMOKE  DISCHARGED  BY  STACKS  SERVING  SPECIAL  FURNACES  FIRED  WITH  COAL 


Test 
No 

Kind 
of 

Fuel 

Dura- 
tion 
Min. 

Lbs. 
of 
Coal 

Smoke 
Density 
Per 
Cent 

Solid  Constituents 
Pounds 

Solid  Constituents 
in  Per  Cent  of  Fuel  Fired 

Hydro- 
Carbonfl 
(Tar) 

Com- 
bustible 
9ottdi 

(Carbon) 

Mineral 

Mutter 
(Ash) 

Sulphur 

Total 

Hydro- 
Carbons 

(Tar) 

Com- 
bustible 
Solids 
(Carbon) 

Mineral 
Matter 

(Ash) 

Sulphur 

Total 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Id 

11 

12 

13 

14 

15 

41 
49 
31 
32 
63 
64 

Bituminous 
Anthracite 
Bituminous 

400 
435 
352 
324 
400 
395 

1,333 
2,624 
11,587 
10.800 
8,800 

ll.Slill 

10.45 
0 
16.70 
11.30 

7.87 

:;  s7 

MM 

0.7 
42.0 
74.2 
5.8 

L>.<> 

9.9 
10.3 
19.0 
16.2 
82.5 

9.4 
35.6 
8.2 
36.0 
42.7 
42.0 

MS 

0.6 
* 
* 
2.7 
2.7 

Jl  ') 
47.2 
69.2 
126.4 
133.7 
109.8 

IHNM 
0.027 
0.363 

II.IIST 
0.066 

MI,|.: 

M71I 

0.392 
0.164 
0.150 
0.937 

II.1HI7 

11.707 
1.356 
0.071 
0.334 
0.485 
11.1112 

0.060 
0.023 
* 
* 
0.031 
0.040 

1.579 
1.798 

n  :.MS 
1.171 
1.519 

1    !,d_> 

*  Not  determined. 
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use  in  lamps  and  in  lanterns  and  to  a  limited 
extent  in  special  heaters  of  various  kinds.  It 
may  be  assumed  that  no  appreciable  quantity 
of  visible  smoke,  soot  or  dust  arises  from  the 
combustion  of  this  fuel. 

111.05  Products  of  Combustion  of  Naphtha 
and  Gasoline:  Of  the  naphtha  and  gasoline 
consumed  within  the  Area  of  Investigation,  it 
is  estimated  that  fully  85  per  cent  of  the  total 
(approximately  437,000  barrels)  is  consumed  in 
automobile  service.  With  this  amount  of  fuel 
must  be  included  a  considerable  quantity  of 
lubricating  oils,  the  presence  of  which  increases 
the  smoke  effects  arising  from  the  exhaust  of 
engines.  Under  certain  conditions  automobile 
smoke  is  visible,  and  whether  visible  or  not,  its 
discharge  into  the  atmosphere  constitutes  a  pol- 
luting agency  similar  in  general  character,  but 
differing  much  in  detail,  from  that  discharged 
from  chimneys  and  stacks.  The  smoke  from 
automobiles  is  discharged  near  the  ground,  where 
its  presence  is  most  objectionable  to  pedestrians, 
and  being  more  or  less  surcharged  with  oil,  it  is 
especially  offensive  to  those  enveloped  by  it. 
Where  the  street  traffic  is  most  congested,  the 
polluting  effects  are  pronounced.  In  Chicago, 
during  the  morning  and  evening  hours,  the  blue 
haze  of  automobile  smoke  is  distinctly  noticeable 
in  important  thoroughfares  frequented  by  auto- 
mobiles. The  extent  to  which  the  smoke  from 
automobiles  is  objectionable  as  a  polluting  agent 
in  the  atmosphere,  depends  not  only  upon  the 
volume  of  automobile  traffic  but  upon  the  state 
of  the  atmosphere,  and  especially  upon  the  di- 
rection and  velocity  of  the  wind.  The  purpose 
of  this  reference  is  to  record  the  fact  that  the 
combustion  of  oil  fuel  in  automobile  service 
constitutes  a  source  of  atmospheric  pollution, 


and  that  under  conditions  now  prevailing  it  is 
likdy  to  increase. 

1 1 1. 06  Gaseous  Products  of  Combustion  of 
Fuel   Oils:     No  tests  have  been  conducted  by 
the  Committee  to  determine  the  amount  and 
character  of  the  gaseous  products  of  the  com- 
bustion of  fuel  oils.     In  general,  these  gaseous 
products  are  similar  to  those  resulting  from  the 
combustion  of  bituminous  coal  and,  as  herein- 
before set  forth  (chapter  105),  they  do  not  con- 
stitute a  relatively  important  source  of  atmos- 
pheric pollution. 

111.07  Conclusions  with  Reference  to  Smoke 
from  Fuel  Oils :    The  facts  presented  by  the  pre- 
ceding sections  justify  the  following  summary: 

1.  Approximately  3,511,000  barrels  of  fuel 
oil  were  burned  in  the   Committee's   Area 
of  Investigation,  chiefly  in  industrial  fires, 
during  the  year  1912.     This  amount  of  oil 
is  the  equivalent  of  1,170,000  tons  of  coal, 
or  about  5.5  per  cent  of  the  annual  con- 
sumption of  solid  fuel. 

2.  Oil  fires  are  not  necessarily  smokeless 
but,  under  normal  conditions  of  operation, 
the  smoke  arising  from  them  is  less  than  that 
from  coal  fires  in  similar  service. 

3.  The  amount  of  smoke  arising  from  the 
consumption  of  fuel  oil  has  not  been  quanti- 
tatively determined.     The  gross  amount,  al- 
though by  no  means  negligible,  is  relatively 
small  compared  with  the  total  smoke  pro- 
duced in  Chicago. 

4.  The    kerosene    consumed    within    the 
Area  of  Investigation  (231,579  barrels  annu- 
ally) is  used  chiefly  for  lighting,  and  practic- 
ally no  visible  smoke  results. 

5.  The   gasoline  and  naphtha    consumed 
within  the  Area  of  Investigation    (514,613 
barrels  annually)   is  used  chiefly  for  auto- 
mobile engines.     The  smoke  from  this  service 
is  sufficient  to  constitute  a  source  of  atmos- 
pheric pollution. 
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SYNOPSIS:  Not  all  that  pollutes  the  air  is  of  fuel  origin.  Some  of  the  primary  sources  of 
atmospheric  dust  are  bare  ground  areas,  including  unimproved  streets  and  alleys,  fuel  and  building 
materials  stored  and  in  transit,  building  operations,  street  construction  and  repairs,  the  abrasion 
of  streets  and  sidewalks  under  traffic,  and  back  yard  and  roof  accumulations  and  activities.  Second- 
ary sources  appear  in  conditions  which  permit  dust,  once  settled  from  the  atmosphere,  to  be  redis- 
tributed by  the  wind.  The  results  of  the  Committee's  investigations  presented  in  this  chapter  show 
that  not  more  than  two-thirds  of  all  the  dust  and  dirt  in  the  atmosphere  of  Chicago  is  of  fuel  origin. 


112.01  Sources  of  Atmospheric  Pollution  other 
than  Smoke :  Thus  far  in  the  discussion  of  atmos- 
pheric pollution  attention  has  been  given  only  to 
smoke,  but  not  all  that  pollutes  the  atmosphere 
is  of  fuel  origin.  Dust  from  many  sources  mingles 
with  that  of  smoke  to  make  up  the  sum  total  of 
the  dust  content  of  Chicago's  atmosphere. 


FIG.  34.    BARE  GROUND  AREAS.    View  August  21. 
sandy  nature  of  the  soil  in  Chicago,  many  lots  and  other  areas 
The  surface  dries  out  and  the  resulting  dust  is  caught  up  by  the  wind. 

If  all  the  fires  of  Chicago  were  stopped,  dust 
and  dirt  in  its  atmosphere  would  remain.  On 
days  when  the  atmosphere  is  dry  and  the  wind 
velocity  high,  the  air  is  filled  with  dust  particles. 
This  manifestation  is  not  confined  to  the  streets 
of  the  city,  for  dust  finds  its  way  into  buildings 
and  displays  its  polluting  effects  wherever  it  falls. 

Atmospheric  pollution  cannot  be  reduced  to  a 
minimum  through  attention  to  smoke  abatement 


alone.  In  order  to  accomplish  its  reduction, 
attention  must  be  given  to  all  of  those  processes 
and  activities  of  the  city  which  give  rise  to  dust 
or  which  deal  with  the  collection  and  disposal 
of  city  dirt  and  waste. 

The  amount  of  city  dust  is  a  function  of  ef- 
ficiency in  city  sanitation.  It  depends  upon 
standards  of  cleanliness  ob- 
served in  the  maintenance  of 
streets  and  alleys  and  upon 
methods  employed  in  cleaning 
them.  It  is  important,  there- 
fore, in  considering  means  to 
be  employed  in  reducing  the 
atmospheric  pollution  of  the 
city,  to  give  due  attention  to 
all  sources,  from  which  city 
dust  arises. 

PRIMARY  SOURCES   OF 
ATMOSPHERIC   DUST 

1 1 2. 02    Bare  Ground  Areas: 
Bare  ground   areas,  unprotect- 
ed by  the  improvements  of  the 
city   or   by  vegetable    growth, 
1914.    Owing  to  the   constitute   a   prolific   source  of 
are  practically  bare,   atmospheric    dust,    or    of    dust 
which,  when  caught  up  by  air 


currents,  remains  suspended  in  the  atmosphere 
for  considerable  periods.  When  subjected  to  the 
traffic  of  vehicles,  the  surface  of  such  areas  becomes 
pulverized  and  yields  large  quantities  of  materials 
sufficiently  light  to  be  borne  into  the  atmosphere. 
The  extent  of  such  areas  within  the  limits  of 
Chicago  is  in  the  aggregate  great.  Examples 
of  areas  of  this  character  are  illustrated  by  figs. 
34  and  35. 


ALLIES  OF   SMOKE   IN   ATMOSPHERIC   POLLUTION 


199 


The  streets  and  alleys  of 
Chicago  make  up  a  system  of 
thoroughfares  not  all  of  which 
arr  improved.  The  facts  as  they 
ted  at  the  close  of  the  year 
1912,  are  as  follows: 

MILES 

Improved  streets  in  Chicago,  in- 
cluding Morgan  Park  .  .  .  1,730 

Improved  alleys  in  Chicago,  in- 
cluilitiK  Morgan  Park  .  .  .  160 

Total 1,890 

Unimproved    streets   in    Chicago, 

including  Morgan  Park   .      .      .     1,276 
Unimproved  alleys  in  Chicago,  in- 
cluding Morgan  Park      .     .     .     1,357 

Total 2,633 

SQ.  MILES 

Area  between  property  lines  em- 
braced by  improved  streets  and 
alleys,  approximately  ...  21 

Area  between  property  lines  em- 
braced by  unimproved  streets 
and  alleys,  approximately  .  .  20 

Total  area,  approximately      .          41 


FIG.  35.  BARE  GROUND  AREAS.  The  view  shows  a  team  road,  September  4. 
1914.  Bare  ground  when  subjected  to  team  traffic  readily  pulverizes  to  a  fine  dust 
which  is  easily  borne  on  the  air  currents. 


The  record  shows  that  approximately  one-fifth 
of  the  total  area  of  the  city  of  Chicago  is  occupied 
by  streets  and  alleys.  More  than  half  of  the 
linear  measure  of  these  thoroughfares  is  as  yet 
unimproved,  and  the  area  of  the  unimproved 
streets  and  alleys  between  property  lines  is  equal 
to  10  per  cent  of  the  total  area  of  the  city.  These 
areas  are  not  all,  nor  largely,  in  the  outlying  por- 


FIG.  36.  UNIMPROVED  STREET.  Photograph  taken  August  21,  1914. 
Many  of  Chicago's  streets  are  unimproved.  Constant  travel  upon  them  keeps  the 
surface  pulverized,  and  dust  from  them  is  easily  blown  about  by  th*  wind. 


tions  of  the  city;  the  unimproved  alley  especially 
is  present  in  many  localities. .  These  unimproved 
streets  and  alleys  are  all  subject  to  traffic,  some 
of  them  to  comparatively  heavy  traffic.  Being 
unimproved,  they  are  often  neglected;  animal 
droppings  accumulate,  and  litter  and  dirt  of  many 
sorts  collect.  The  passing  traffic  in  wet  weather 
intermixes  the  earth  and  debris,  and  in  dry 
weather  they  are  again  pulver- 
ized. The  constant  repetition  of 
this  process,  with  the  continual 
grinding  action  of  the  traffic 
over  2,600  miles  of  unimproved 
thoroughfares,  prepares  and 
liberates  considerable  portions 
of  the  material  which  consti- 
tutes the  atmospheric  dust  of 
Chicago.  Examples  of  unim- 
proved thoroughfares  are  shown 
by  figs.  36  and  37. 

Included  in  the  area  of  the 
city's  streets  and  alleys  is  the 
area  between  sidewalks  and 
curbs.  These,  in  many  portions 
of  the  city,  where  streets  and 
sidewalks  are  fully  improved, 
are  grass  covered  and,  where 
the  sod  is  well  maintained,  no 
great  amount  of  dust  arises. 
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FIG.  37.  UNIMPROVED  ALLEY.  Photograph  taken  September  4,  1914.  A 
constant  stream  of  delivery,  coal,  ice  and  peddlers '  wagons  passes  over  the  alleys  of 
the  city.  Only  a  few  of  these  are  improved.  When  wet  they  are  muddy  and  unsightly; 
when  dry  they  are  prolific  sources  of  dust. 


In  other  parts  of  the  city,  however,  the  parkways 
are  partially  or  totally  neglected ;  many  are  bare 
of  grass  and  afford  places  of  deposit  for  refuse. 
They  too  often  constitute  playgrounds  for  chil- 
dren denied  more  attractive  surroundings.  The 
winds  which  sweep  them  easily  pick  up  the  dust 
from  their  surface.  The  bare  areas  in  small 
parks  and  playgrounds  make 
contributions  to  the  atmos- 
pheric dust  of  Chicago  which 
are  by  no  means  negligible. 
Examples  of  such  areas  are 
shown  by  figs.  38  and  39. 

112.03  Stored  Materials: 
Piles  of.fuel,  building  and  other 
materials  stored  about  the  city 
frequently  become  important 
sources  of  atmospheric  dust. 
Coal  yards  containing  thousands 
of  tons  of  coal  are  exposed  to  the 
weather.  Dust  made  by  the 
breaking  of  coal  when  it  is  un- 
loaded from  cars,  dropped  into 
wagons  from  storage  bins  or 
handled  by  shovels  or  locomo- 
tive cranes,  is  blown  into  the 
atmosphere,  and  particles  which 
are  sufficiently  fine  are  trans- 


ported over  the  city.  Examples 
of  such  storage  piles  are  shown 
by  figs.  40  and  41. 

The  handling  and  storage  of 
crushed  stone,  gravel,  sand, 
lime,  cement,  brick  and  tile, 
yield  up  their  quota  to  the 
dust  of  the  atmosphere.  Ex- 
cavated materials  from  founda- 
tions and  basements  are  fre- 
quently piled  on  vacant  lots. 
The  surface  dries  and  is  blown 
away  by  the  wind,  the  process 
being  repeated  as  long  as  the 
pile  remains.  Such  sources  of 
atmospheric  dust  are  illustrated 
by  fig.  42. 

112.04  Back  Yards  and  Roofs: 
Back  yard  activities  in  Chicago 
assume  many  different  aspects. 
Many  yards  are  well  kept,  while 
many  others  are  neglected.  Some  are  bare,  some 
are  used  for  the  storage  of  merchandise,  some  are 
covered  with  refuse,  some  shelter  animals,  some  af- 
ford space  for  the  activities  of  the  home  or  space 
upon  which  workmen  ply  trades.  The  standards 
of  cleanliness  recognized  in  the  maintenance  of 
back  yard  operations  are  not  always  high,  and 


FIG.  38.  BARE  GROUND  AREAS,  A  SOURCE  OF  DUST.  Many  vacant 
lots  and  small  parks  provided  by  the  city  afford  places  for  children  to  play.  Con- 
stant use  abrades  the  surface  and  supplies  a  coating  of  dust  to  be  swept  away  by  the 
wind.  The  view  shows  a  small  Chicago  park. 
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low  standards  foster  sources  of  dust.     An  exam-  f 
pie  of  such  sources  of  dust  is  illustrated  by  fig.  43.   i 

The  growing  congestion  of  the  city  tends  to 
in<  Tease  the  use  of  its  roofs.  Activities  which 
under  simpler  conditions  may  proceed  in  the 
back  yard  are,  where  lofty  buildings  prevail,  not 
infrequently  transferred  to  the  roof.  There  are 
roofs  in  Chicago  with  platforms  for  beating 
carpets  and  with  laundry  equipments.  Others 
furnish  storage  room  for  supplies  and  discarded 
materials  of  many  sorts.  Some  are  used  for 
housing  animals,  some  provide  recreation  space 
for  employes  of  buildings,  and  others  supply 
places  in  which  mechanics  having  work  within 
the  buildings  may  set  up  their  benches.  Any  un- 
usual event  affecting  activities  within  the  build- 
ing is  likely  to  be  reflected  by  conditions  on  the 
roof.  Not  all  of  these  activities  of  the  roof  are 
dustless.  An  illustration  of  such  a  source  of  dust 
is  presented  as  fig.  44. 

112.05  Building  Operations:  Building  opera- 
tions involve  the  handling  and  the  temporary 
storage,  at  the  level  of  the  street  and  at  higher 
levels,  of  many  materials  which  give  rise  to  dust. 
The  delivery  of  brick,  tile,  lime,  cement  and 
sand,  and  their  handling  throughout  the  struc- 
ture  of  the  building  under  construction,  permit 
dust  which  arises  from  them  to  be  widely  dis- 
tnbuted. 


DJg;        scplaouSep  1 

the  school  yards  of  Chicago  are  covered  with  cinders. 
,    ,  dren  at  play  grind  the  cinders  under  foot  and  the  fine  particles 

Examples  of  such  sources  of  dust  are    are  taken  up  by  the  wind. 


shown  by  figs.  45,  46  and  47. 

Such  building  operations  are 
very  likely  to  be  preceded  by 
those  of  wrecking  old  structures 
which  are  to  give  way  to  the 
new,  and  many  of  the  processes 
of  wrecking  buildings  are  dust 
producing,  as  is  shown  by  fig.  48. 

The  extent  of  these  enter- 
prises in  Chicago  is  but  imper- 
fectly suggested  by  the  record 
of  licenses  issued  and  permits 
granted.  It  is  nevertheless  of 
interest  to  note  that  during  the 
Committee's  statistical  year, 
1912,  372  buildings  were 
wrecked,  672  were  moved,  14,000 

FIG.  40.      rmEERIURcoFpUST.    View  showing  the  were  repaired   and   11.325  new 

handling  of  coal,  August  21,  1914.    In  the  handling  of  coal  in  the  various  coal  yards  buildings  were  started.     In  all  of 

of  the  aty,  dust  is  liberated,  particularly  when  the  handling  is  done  with  a  locomotive  activities    incident   to  the 
crane  from  piles  of  dry  coal. 
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FIG.  41.  STORED  MATERIALS.  A  SOURCE  OF  DUST.  View  showing  the 
handling  of  coal  by  hand.  Many  cars  of  coal  are  unloaded  daily  on  the  team  tracks 
and  in  the  coal  yards  of  Chicago.  The  dust  arising  from  such  operations  is  caught  up 
by  the  wind  and  distributed  over  wide  areas. 

life  of  a  great  and  growing  city,  large  quantities 
of  dust  are  necessarily  developed. 

112.06    Street     Construction     and     Repairs: 
Street    construction    and    repairs    give    rise    to 
dust    chiefly    through    the    handling    of    mate- 
rials, and  through  interferences  with  traffic  oc- 
casioned by   the  presence   of  materials   tempo- 
rarily stacked  in  streets.      Such  construction  is 
necessary  in  work  of  renewing 
or  repairing  underground  pipes 
or     conduits    belonging  to    the 
city  or    to    public   service   cor- 
porations, as  well  as  in  work  of 
repairing  street  foundations  or 
surfaces.      The     difficulties     of 
performing  such   work    rapidly 
without  interruption    to   traffic 
are  such  as  ordinarily  prevent 
very   careful    attention   to   the 
dust  arising  from  it.      The  sup- 
pression   of     dust    from    such 
sources   is   a   problem  affecting 
many  interests,   and  it  is   evi- 
dent   that    effective     steps    to 
accomplish  it  may  lead  to   in- 
creased costs  of  performing  the 
work    involved.      Examples    of 
such  sources  of  dust  are  shown 
by  figs.  49  and  50. 


The  extent  to  which  activities 
of  this  sort  occurred  in  Chicago 
during  the  Committee's  statis- 
tical year,  1912,  may  be  judged 
from  the  following: 

New  street  construc- 
tion reported  by 
Board  of  Local  Im- 
provements coyer- 
ing  asphalt,  brick, 
concrete,  macadam, 
block,  etc.  ...  99  miles 

Repairs  to  improved 
streets  of  all  classes 
by  the  city  .  .  .  1,168,630  sq.  yds. 

Restoration  of  pave- 
ments of  all  classes 
on  improved  streets 
by  public  service 
companies  and 
others  ....  756,488  sq-  yds. 

New  sidewalks,  by 
Board  of  Local  Im- 
provements ...  242  rniles 

Street  railroad  track, 
new  extensions,  tem- 
porary construction 
and  reconstruction  115  miles 


These  facts  show  the  extent  to  which  the  sur- 
faces of  city  streets  are  subject  to  change.  They 
suggest  the  extent  to  which  old  materials  are  dug 
out  and  handled  in  the  process  of  removal,  and 
the  extent  to  which  new  materials  are  temporarily 
stacked  in  the  streets  and  on  sidewalks.  Stacks 
of  such  materials  are  exposed  to  sunshine  and 
wind.  They  are  handled  under  conditions  which 


FIG.  42.  EXCAVATED  MATERIALS,  A  SOURCE  OF  DUST.  During  the 
construction  of  buildings,  piles  of  excavated  materials  are  frequently  placed  on  adjoin- 
ing vacant  lots.  The  surface  of  such  piles  quickly  dries  out,  affording  the  wind  an 
opportunity  to  take  up  the  resulting  dust. 
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give  rise  to  dust  particles,  some 
of  which  are  borne  even  into  the 
upper  atmosphere  of  the  city. 
Fig.  51  illustrates  a  case  in  which 
such  materials  are  temporarily 
piled  in  the  streets. 

112.07    Materials  in  Transit 
on  Streets :    The  transportation 
of    merchandise,    especially    of 
bulk  material,  such  as  coal,  ashes, 
brick  and  sand,  over  city  streets 
often  results   in   the  scattering 
of  materials  on  the  surface  of 
streets.       A  loose  end-board  or 
an  open  seam  in  the  bottom  of 
a  wagon   may  permit  sand   or 
ashes  to  sift  through  with  every 
jolt  of  the  wagon.  ,  The  careless 
loading  or  the  overloading  of  a 
truck   or    wagon  permits  coal, 
brick  or  other  material  to  slip  off 
as  the  vehicle  proceeds.    Whatever  material  finds 
its  way  to  the  surface  of  an  improved  street  sooner 
or  later  comes  under  the  grinding  action  of  wheels. 
Such  particles  as  are  not  recovered  in  the  period- 
ical cleaning  of  streets  or  washed  away  by  rain 
ultimately  find  their  way  into  the  atmosphere. 

Processes  incidental  to  the  shipment  of  ma- 


FIG.  43.  NEGLECTED  BACK  YARDS,  A  SOURCE  OF  DUST.  Photograph 
taken  September  1,  1914.  This  view  shows  conditions  after  a  rain.  Within  a  short 
period  the  surface  dries  out,  and  the  children  and  fowls  soon  pulverize  the  surface 
into  dust  which  is  readily  taken  up  by  the  air  currents. 

terials,  especially  if  carelessly  conducted,  give 
rise  to  litter  in  many  forms.  The  teaming  yards 
of  railroads,  in  which  all  kinds  of  merchandise 
are  loaded  and  unloaded,  present  one  aspect  of 
this  difficult  problem.  Examples  of  such  sources 
of  dust  in  Chicago  are  illustrated  by  figs.  52, 
53  and  54. 

112.08  Abrasion  of  Streets 
and  Sidewalks:  Attention  has 
already  been  called  to  the  unim- 
proved streets  and  alleys  of 
Chicago  as  sources  of  atmos- 
pheric dust.  The  fact  should 
not  be  overlooked  that  the  im- 
proved streets  and  alleys,  while 
less  productive  of  dust,  are  nev- 
ertheless subject  to  wear,  and 
wear  implies  the  production  of 
dust.  The  traffic  on  many 
portions  of  Chicago's  1,890  miles 
of  improved  streets  and  alleys 
is  heavy.  During  the  period 
from  May  i,  1912,  to  April  30, 
1913,  vehicles  were  licensed  by 
the  city  as  follows: 


FIG   44      ROOF  ACTIVITIES,  A  SOURCE  OF  DUST.    On  many  of  the  roofs 
in  Chicago  particularly  in  the  hotel  and  cafe  districts,  household  activities 
on  extensively.    The  beating  of  rugs  and  carpets  and  the  cleaning  and  maintet 
of  furniture  and  draperies  add  considerably  to  the  total  of  atmospheric  dust  in  Chicago. 


Automobiles  and  motorcycles     .      24.397 
Horse  drawn  wagons  or  carriages     55.502 

Total 79.899 
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FIG.  45.  BUILDING  OPERA- 
TIONS. A  SOURCE  OF  DUST. 
The  handling  of  crushed  stone, 
sand,  cement  and  other  building 
materials  liberates  large  quantities 
of  dust  which  are  taken  up  in  the 
air  and  distributed  by  the  wind. 


FIG.  46.  BUILDING  OPERA- 
TIONS, A  SOURCE  OF  DUST. 
Photograph  taken  September  2, 
1914.  In  the  handling  of  hollow 
tile,  brick  and  plastering  mater- 
ials considerable  dust  is  permitted 
to  escape  into  the  atmosphere. 


TABLE  CX.     EXTENT  OF  TRAFFIC  PASSING  A  GIVEN  POINT  IN  CHICAGO  DURING  A  PERIOD  OF  ONE  HOUR.  OCTOBER.  1913 


•  •  .                                               Location 

Oon» 

drawn 

\,ln,  1.  - 

Automobiles 

Motor- 
cycles 

Bicycles 

I'.i-l..   irt- 

Equestrians 

Toul 

1 

2 

3 

4 

5 

6 

7 

8 

Michigan  Blvd.,  near  Jackson  Blvd. 

64 

1  •.-! 

23 

7 

0 

0 

1,778 

Rush  Street  Bridge  

437 

1,028 

15 

4 

0 

12 

1,496 

Jackson  Blvd.,  near  Franklin  St  

134 

703 

31 

11 

i 

0 

880 

Polk  St.,  near  Dearborn  St  

453 

66 

0 

0 

3 

2 

524 

Lake  St.,  near  Clark  St  

428 

61 

6 

1 

4 

2 

492 

Fifth  Ave.,  near  Harrison  St  

419 

41 

0 

0 

2 

4 

466 

Stat«  St.,  near  Madison  St  

352 

193 

2 

0 

2 

4 

553 

Madison  St.,  near  Wabash  Ave  

131 

319 

1 

1 

3 

7 

402 

South  Water  St.,  near  Clark  St  

308 

84 

1 

0 

0 

5 

398 

La  Salle  St.,  near  Monroe  St  

291 

235 

4 

0 

3 

3 

536 

Washington  St.,  near  Wabash  Ave  

67 

"SI, 

5 

0 

0 

0 

358 

State  St.,  near  Van  Buren  St  

277 

80 

0 

1 

0 

4 

362 

Clark  St.,  near  Adama  St  

245 

123 

1 

1 

1 

0 

371 

Washington  St.,  near  State  St  

100 

256 

0 

0 

0 

2 

358 

Madison  St.,  near  Fifth  Ave  

251 

84 

1 

0 

1 

0 

337 

Dearborn  St.,  near  Monroe  St  

218 

89 

1 

1 

2 

3 

314 

Dearborn  St.,  near  Randolph  St  

163 

69 

0 

0 

4 

4 

240 

Fifth  Ave.,  near  Randolph  St  

187 

39 

0 

0 

2 

3 

231 

La  Salle  St.,  near  Madison  St  

182 

137 

2 

0 

1 

0 

322 

Randolph  St.,  near  State  St  

ISC, 

114 

a  . 

n 

0 

n 

282 
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This  is  an  average  of  43  vehicles 
P<T  mile  of  improved  streets  ami 
alleys. 

To  establish  facts  with  refer 
rniv  to  the  density  of  vehicle 
movements  under  normal  day- 
light conditions  in  the  more 
congested  parts  of  the  city, 
observations  were  made  by  the 
Committee  in  October,  1913, 
covering  20  different  localities. 
During  the  75  hours  which  were 
embraced  by  these  observations, 
a  single  set  of  observers  counted 
16,855  horse  drawn  vehicles, 
24,728  automobiles,  461  motor- 
cycles, 145  bicycles,  127  push- 
carts and  200  equestrians.  The 
several  points  at  which  observa- 
tions were  made  and  a  summary 
of  observed  results  during  one 
hour  for  each  of  the  20  localities  specified,  are  set 
forth  in  table  CX.  It  was  sought  to  have  the 
record  hour  represent  the  hour  of  maximum  traffic 
for  the  day. 

The  purpose  of  this  exhibit  is  to  direct  atten- 
tion to  the  extent  of  activities  which  must  result 
in  the  wear  of  street  surfaces  and  of  tires,  and 


FIG.  48.  BUILDING  OPERATIONS,  A  SOURCE  OF  DUST.  Dunn*  the 
construction  of  large  buildings  or  in  the  wrecking  of  old  ones,  the  refuse  is  fre- 
quently handled  by  chutes.  This  method  provides  excellent  opportunity  for  the 
wind  to  blow  away  large  quantities  of  dust. 


FIG.  47.  BUILDING  OPERATIONS.  A  SOURCE  OF  DUST.  The  handling 
of  cement  scatters  fine  dust,  and  the  removal  of  crushed  stone  and  sand  from  pile* 
in  the  street  leaves  the  latter  but  "shovel  clean."  The  residue  becomes  dry  and  '» 
blown  away  by  the  wind. 

consequently  in  the  production  of  dust.  To  the 
abrasive  action  of  the  street  must  be  added 
that  of  the  sidewalk.  The  movement  of  multi- 
tudes of  people  over  hundreds  of  miles  of  walks 
adds  its  quota  to  the  sum  total  of  the  dust 
of  the  city. 

1 1 2 .09  Manufacturing  Operations :  Manufac- 
turing processes  give  rise  to  dust. 
Metallurgical  furnaces  and  the 
furnaces  of  cement  mills  are,  in 
many  cases,  prolific  sources  of  at- 
mospheric dust.  Grinding  pro- 
cesses incident  to  the  operations 
of  flour  mills  produce  vegetable 
dust,  and  factories,  foundries 
and  machine  shops  produce  large 
quantities  of  mineral  dust .  Tum- 
bling barrels  employed  in  clean- 
ing castings,  and  sanders  and 
other  machines  in  woodworking 
establishments,  liberate  large 
quantities  of  dust,  some  of  which 
finds  lodgment  near  its  source, 
while  considerable  portions  are 
borne  long  distances  in  the 
atmosphere. 

112. 10  Waste  Materials: 
Waste  of  many  sorts  must   be 


2O2 


SMOKE  ABATEMENT  AND  ELECTRIFICATION  IN  CHICAGO 


FIG.  49.  STREET  CONSTRUCTION,  A  SOURCE  OF  DUST.  Street  scene, 
September  1,  1914.  Nearly  100  miles  of  streets  are  improved  each  year  in  Chicago. 
The  handling  of  materials  liberates  large  quantities  of  dust,  which  are  borne  by  the 
wind  over  long  distances. 

handled    and    in    some    way    be    disposed    of. 
Various  means  are  employed  in  Chicago  for  the 
accomplishment  of  this  purpose,  many  of  which 
are  efficient  and  cleanly.    Refuse  disposal  stations 
on  the  river  permit  wagons  to  dump  into  hop- 
pers and  provide  for  the  discharge  of  hoppers  into 
dump  barges  which,  when  loaded,  are  towed  to 
dumping  grounds  and  discharged.     Large  quan- 
tities of  refuse  are    discharged 
into  cars  on    the  underground 
tracks  of  the   Chicago  Tunnel 
Company     and     conveyed     to 
points  of  disposal.     There  are, 
however,  processes  appearing  in 
the  life  of  the  village  which  still 
persist  in  the  city  of  Chicago. 
One  of  these  is  the  burning  of 
waste  materials  in  outdoor  fires. 
Bonfires  are  by  no  means  rare 
even  in  the  parks.      An  example 
of  such  sources  of  pollution   is 
illustrated  by  fig.  55. 

During  the  months  of  June 
and  July,  1914,  fires  on  the  break- 
waters near  the  city  were  of  fre- 
quent occurrence.  In  the  month 
of  July  there  were  not  less  than 
eleven  days  during  which  large 
piles  of  timber  refuse  were  de- 


stroyed by  fire  on  the  breakwater 
off  Grant  Park.  On  many  of 
these  days  the  wind  was  from  the 
east  and  the  smoke  was  blown 
directly  in  upon  the  loop  district 
of  the  city. 

Numerous  dump  piles,  dis- 
tributed throughout  the  city, 
give  rise  to  frequent  fires  and 
otherwise  contribute  to  the 
city's  atmospheric  dust.  An 
example  of  such  dump  piles  is 
shown  by  fig.  56. 

112. 1 1     The    Significance    of 
the  Record:     No   attempt    has 
been  made  in  the  preceding  sec- 
tions   to    present    a    complete 
enumeration  of  all  the  primary 
sources    of    atmospheric     dust. 
The  purpose  has  been  to   call 
attention   to  the   more   prolific 
and    more    common    sources.       Even    a   casual 
survey    of    the   activities   of    Chicago   shows    a 
surprising   frequency    of    processes   from  which 


dust  arises.  It  is  clear  that  a  city  which  aims  to 
minimize  the  pollution  of  its  atmosphere  must 
seek  to  eliminate  every  unnecessary  source  of  dust. 
It  must  recognize  the  necessity  of  extending 
supervision  over  various  activities  which  give  rise 


FIG.  50.  STREET  CONSTRUCTION,  A  SOURCE  OF  DUST.  Material  is 
frequently  piled  in  the  street  where  passing  vehicles  grind  it  to  powder,  which  is  quickly 
taken  up  and  borne  away  by  the  wind. 
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to  dust  and  atmospheric  pollu- 
tion and  it  must  take  steps  to 
improve  the  methods  employed 
in  cleaning  streets  and  thorough- 
fares. 

SECONDARY     SOURCES     ( >!• 
ATMOSPHERIC    DUST 

1 1 2. 1 2     The    Persistence   of 
Dust  of  Whatever   Origin:    It 

is  apparent  from  the  facts  pre- 
sented in  the  preceding  sections 
that  atmospheric  dust  and  dirt 
have  their  origin  in  many  sources. 
It  is  hereinafter  shown  (section 
112.14)  that  the  dust  and  dirt 
of  smoke  account  for  approxi- 
mately two-thirds  of  all  the 
atmospheric  dust.  The  remain- 
ing one-third  is  of  non-fuel 
origin. 

Whatever  may  be  the  sources 
of  atmospheric  pollution,  the  dust  persists  until 
it  is  gathered  up  and  finally  disposed  of,  or  until 
it  is  borne  by  the  wind  to  points  remote  from  the 
city.  A  descending  movement  of  dust  appears 
to  be  nearly  continuous  over  the  city,  though 
the  rate  of  movement  is  greatly  affected  by  local 
conditions.  One  who  has  occasion  to  inspect 


FIG.  52.  MATERIALS  IN  TRANSIT,  A  SOURCE  OF  DUST.  From  cars 
set  on  team  tracks,  merchandise  of  many  kinds  is  handled.  The  bare  earth  is  stirred 
up  by  team  traffic  and  the  litter  from  materials  handled  accumulates. 


FIG.  51.  STREET  CONSTRUCTION,  A  SOURCE  OF  DUST.  More  than  a 
million  square  yards  of  street  repairs -are  made  annually  in  Chicago.  In  this  view 
a  six-foot  brick  sewer  is  being  laid,  after  which  the  street  may  long  remain  in  the  dis- 
turbed condition  shown.  During  construction,  dust  is  distributed  about  the  neighbor- 
hood from  the  handling  of  cement,  brick  and  sand.  Photograph  taken  August  21 .  1914. 

the  sidewalks  and    other  horizontal  surfaces  of 
the  city  in  the  early  morning    may  readily  see 
the    dust    which    has    fallen   during   the  night. 
If  the  wind  movement  has  been  light,  the  col- 
lected dust  will  constitute  a  representative  sample 
of  the  dust   shower   in   that  particular  locality 
during  the  interval   of  quiet.      But  the  descent 
of  soljds  from  the  atmosphere 
occurs  during  the    day  as  well 
as  during  the  night.       If    the 
weather  is  dry  these  solids  ap- 
pear as    dust    to  be  swept  up 
or  blown  away ;  if  the  weather  is 
wet,  they  mix  with  the  water  of 
roofs,  streets  and  sidewalks  and 
give  color  and  consistency  to  the 
watery  mixture  under  foot  and 
wheel.      Heavy    rains    tend   to 
wash  away  the  dirt.     Between 
rains  only  a  portion  of  the  fall- 
ing dust  is  intercepted  by  the 
cleaning    process   of   the    city. 
The  remainder,  when  dry,  may 
be  caught  up  by  the  air  currents 
and  borne  away  again. 

The  tendency    of  dust    once 
freed  from  its  sources  is  to  persist 
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FIG.  53.  MATERIALS  IN  TRANSIT,  A  SOURCE  OF  DUST.  The  material 
on  the  ground  along  the  side  of  the  car  shown  is,  in  this  case,  excelsior.  Being  no 
longer  needed  it  has  been  thrown  out  to  be  broken  up  by  wheels  and  by  the  trampling 
of  horses  and  finally  to  be  taken  up  and  distributed  over  wide  areas  by  the  wind. 

until    disposed   of    by    some    effective    cleaning 
process. 

112.13     The  Elimination  of  Atmospheric  Dust 
a  Function  of  Efficiency  in  Municipal  House- 
keeping:   It  is  a  principle  in  good  housekeeping 
that  dirt  must  be  found,  collected  and  disposed 
of.     If,  in  the  administration  of  the  city  of  Chi- 
cago, this  principle  were  always  recognized  and 
applied,  if    search    were    made 
for  accumulations  of  dirt,  if  ac- 
cumulations, when  found,  were 
collected    and   disposed  of,  the 
pollution    of    the   city's   atmos- 
phere  would   be  materially  re- 
duced.    This  statement  does  not 
refer  to  original  sources  of  dirt, 
which   have   already    been   dis- 
cussed, but  to  the  incidental  ac- 
cumulations of  dust  which  have 
drifted    into     sheltered     places 
or  have  been  dropped  or  aban- 
doned as  a  result  of  careless  or 
disorderly  methods  in  handling 
merchandise  or  personal  effects. 
The  streets  and  alleys  of  Chicago 
contain  numerous  accumulations 
of  waste  materials  which,  by  the 
standards    of    good    municipal 
housekeeping,  should  be  collected 


and  removed.  Figs.  57  and  58 
present  illustrations  of  such 
accumulations. 

One  does  not  need  to  go  far 
in  the  inspection  of  the  roofs  of 
buildings  to  find  accumulations 
of  materials  which  have  been 
precipitated  from  the  air,  a  large 
proportion  of  which  is  ready 
again  to  take  flight  whenever 
atmospheric  conditions  favor 
such  a  course.  Besides  the  dirt 
and  dust  which  collect  on  the 
roofs  of  buildings,  the  natural 
wear  and  disintegration  of  the 
materials  used  in  roofing  pro- 
cesses are  sources  of  atmospheric 
dust.  An  example  of  accumula- 
tions of  dirt  and  dust  on  roofs  is 
shown  by  fig.  59. 

A  few  illustrations,  which  are 
in  no  sense  exceptional,  will  serve  to  suggest  the 
significance  of  the  secondary  sources  of  atmos- 
pheric pollution  to  which  attention  is  called. 

Chicago's  standards  in  municipal  housekeeping 
are  reflected  in  the  methods  employed  in  the 
public  service  and  by  individuals  in  the  cleaning 
of  streets  and  sidewalks.  Dry  street  cleaning  is 
apparently  everywhere  permitted,  and  in  most 


FIG.  54.  MATERIALS  IN  TRANSIT,  A  SOURCE  OF  DUST.  Carload  of  live 
poultry  in  a  Chicago  railroad  yard.  Many  cars  of  live  poultry  come  into  the  city  each 
day.--  The  feathers  shown  in  the  foreground  are  suggestive  of  the  opportunities  they 
afford  for  the  distribution  of  dirt. 
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ions  of  the  city  it  is  gen- 
erally practiced.  Dry  sidewalks 
arc  swept  to  dry  street  gutters. 
The  dry  sweepings  are  com- 
pacted into  dry  heaps  at  inter- 
vals in  dry  gutters,  and  these 
dry  heaps  are  later  shoveled  in- 
to wagons.  This  practice  is 
illustrated  by  fig.  60. 

Every  stage  of  this  process 
is  productive  of  clouds  of  dust 
and  every  stage  is  imperfect  as 
a  cleaning  process.  The  dry 
sidewalks  cannot  be  swept  clean, 
the  dry  gutters  cannot  be  swept 
clean  and  the  heaps  of  sweep- 
ings cannot  be  entirely  removed 
by  the  use  of  a  shovel.  Fig.  61 
illustrates  a  typical  method  of 
cleaning  streets. 

This  procedure  of  cleaning 
streets,  so  common  in  Chicago,  is  in  striking 
contrast  to  that  employed  in  many  other  large 
cities.  In  Paris,  for  example,  the  importance 
of  wet  cleaning  is  recognized,  and  over  large 
areas  of  the  city  special  curb  hydrants  have 
been  established  at  the  high  points  of  all 
street  grades.  Water  is  discharged  from  these 


FIG.  55.  BURNING  OF  WASTE  MATERIALS,  A  SOURCE  OF  DUST. 
Waste  materials  of  all  kinds  are  extensively  burned  throughout  the  city  either  in  bon- 
fires, as  shown  in  this  view,  or  in  portable  furnaces.  The  process  results  not  only  in 
smoke  but  in  considerable  quantities  of  ashes,  which  find  their  way  into  the  atmosphere. 

curb  hydrants  directly  into  the  gutter  at   the 
gutter  level.     A  piece  of  burlap  on  one  side  of 
the  stream  of  water,  which  flows  with  little  force 
from  the  hydrants^  determines  which  slope  of  the 
grade  the  water  is  to  descend.     The  supply  of 
water  is  abundant.     Dirt  accumulations  in  the 
gutter  are  borne  away  by  the  water  to  catch- 
basins    and    sewers.     A    street 
cleaner,  beginning  at  the   foot 
of    the    grade    with    a    broad 
scraper  opposed  to  the  descend- 
ing current  in  the  gutter,  diverts 
the  water  out  into   the  street, 
and  this  stream  is  met  by  the 
scraper  of  a  second  cleaner  fol- 
lowing the  first,  and  is  thrown 
still  farther  out  until  the  water 
flows    over  the    crown    of  the 
street.     A  similar  process  from 
the  opposite  curb  serves  to  wet 
the  street    surface   thoroughly. 
This  accomplished,  the  cleaners 
with  their  scrapers  begin  at  the 
center  of  the  street,  moving  one 
after    the  other,  their  scrapers 
so    directed    that    all    refuse  is 
flushed  from  the  center  of  the 
street  toward  the  gutter.     In  a 


FIG.  56.  REFUSE  DUMPS,  A  SOURCE  OF  DUST.  Street  sweepings  are 
frequently  used  for  filling  in  low  ground.  This  view  illustrates  such  a  case  and 
shows  conditions  favorable  to  the  development  of  dust.  The  dump  here  shown  is 
located  within  a  block  of  one  of  Chicago's  boulevards. 
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FIG.   57.    WASTE   MATERIALS.  A  SOURCE  OF  DUST. 
Chicago  are  used  as  dumping  places  for  all  sorts  of  refuse. 

remarkably  short  time  everything  has  been 
diverted  into  the  gutter  and  the  flushing  stream 
of  water  has  washed  it  away.  During  these 
processes,  the  water  of  the  gutter  is  fouled 
but,  with  the  street  scraping  over,  it  soon 
runs  clear  again.  The  process  is  repeated 
with  sufficient  frequency  to  keep  the  streets 
dustless. 

Chicago  is  not  without  its 
wet  cleaning.  Certain  of  the 
downtown  streets  and  sidewalks 
are  now  subject  to  this  process, 
but  thus  far  the  areas  affected 
and  the  degree  of  thoroughness 
attained  in  the  execution  of 
the  work  are  not  sufficient  to 
make  the  results  far-reaching  in 
their  effects. 

Imperfect  cleaning  is  not  ex- 
clusively a  function  of  methods 
employed  in  the  removal  of 
dirt.  Whatever  the  method, 
the  result  is  often  only  partially 
accomplished.  For  example, 
ashes  hoisted  from  sub-sidewalk 
spaces  are  dumped  in  the  gut- 
ter. A  pile  is  thus  formed. 
The  ashes  are  wet  and  no  dust 
arises  from  them.  In  due  time 
they  are  shoveled  out  of  the 


gutter  into  wagons  and  carted 
away,  but  the  job  is  left 
"shovel-clean"  only,  the  gutter 
is  soon  dry,  the  traffic  of  the 
street  proceeds  and  the  wind 
takes  up  what  the  shovel  of  the 
workman  did  not  remove.  Sim- 
ilarly, a  main  thoroughfare  is 
re-paved.  In  anticipation  of  the 
work,  the  side  streets  are  made 
places  of  deposit  for  stocks  of 
broken  stone  and  sand.  These 
materials  extend  in  long  wind- 
rows on  either  side  of  an  im- 
proved street.  In  time  the  work 
of  re-paving  the  thoroughfare  is 
completed  and  the  remaining 
materials  are  drawn  away,  but 
they  are  not  entirely  removed 
and  the  side  street  is  not 
thoroughly  cleaned.  For  many  days  the  pe- 
destrian at  the  street  crossing  encounters  eviden- 
ces of  the  presence  of  sand  and  dirt  which  have 
not  been  removed. 

The  Committee,  in  its  task  of  studying  the 
sources  of  atmospheric  pollution  in  Chicago, 
has  found  it  necessary  to  give  due  attention  to 
those  sources  for  which  the  city  itself  is  responsible. 


Many  alleys  in 


FIG.  58.  WASTE  MATERIALS,  A  SOURCE  OF  DUST.  Rubbish  on  a  vacant 
lot,  September  2,  1914.  Many  vacant  lots  in  Chicago  are  used  as  dumping  places  for 
materials  from  wrecked  buildings.  The  disintegration  of  such  materials  gives  rise 
to  dust  which  is  distributed  by  the  wind  over  wide  areas.  The  old  plaster  shown  in 
this  view  constitutes  a  particularly  prolific  source  of  dust. 
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It   recognizes  the  fact  that  the 
problem  of  Chicago's  municipal 
housekeeping  is  complicated  by 
the  presence  of  many  miles  of 
unimproved   streets  and  alleys, 
by  the  presence  of  open  joints 
in    the    surface     of     improved 
streets,  by  the  newness  of  the 
city  and  by  the  fact  that  a  com- 
munity,   but    recently   shut  in 
from  a  life  in  the  open,  is  con- 
fronted with  the  difficult  prob- 
lem of  establishing    procedures 
which     will     respond     to     the 
highest  standard    of   municipal 
sanitation.     But    its   investiga- 
tions emphasize    the    fact   that 
the  city,  in  its  efforts  to  reduce 
the  amount  of  pollution  enter- 
ing the  atmosphere  of  Chicago, 
should  not  be  content  with  giv- 
ing attention  to  smoke  abatement  alone.      The 
problem   is   to   suppress    all   important   sources 
of  atmospheric  pollution,  and  while  corporations 
and   individuals  must   recognize   their  responsi- 
bility in  the  reduction  of  smoke,  the  city  itself 
must  seek  to  reduce  to  a  minimum  that  portion 
of  the  total  pollution  which  arises  from  sources 
over  which  it  alone  has  control. 


FIG.  60.  STREET  CLEANING  OPERATIONS.  A  SOURCE  OF  DUST. 
Photograph  taken  September  1,  1914.  Street  cleaning  as  practiced  in  Chicago  con- 
stitutes an  objectionable  source  of  dust. 


FIG.  59.  ACCUMULATIONS  OF  DIRT  AND  DUST  ON  THE  ROOFS  OF 
BUILDINGS.  Such  accumulations  consist  of  ashes,  waste  materials,  sweepings  and 
debris  of  many  sorts.  The  action  of  the  wind  and  air  currents  serves  to  scatter  dust 
from  such  sources  over  wide  area*. 

112.14    A  Quantitative  Measure  of  the  Street 
Dust  in  the  Atmosphere:    For  the  purpose  of 
securing  an  estimate  of  the  amount  of  atmos- 
pheric dust  which  is  of  non-fuel  origin,  samples 
of  Chicago's  dry  sidewalk  sweepings  were  col- 
lected in   the  early   morning,   the   presumption 
being  that  the  materials  thus  collected  had  settled 
from  the  atmosphere  during  the  quiet  of  the  night. 
The  samples  were  analyzed  and, 
while  the  results  thus  obtained 
do    not    constitute    the   Com- 
mittee's  final  definition  of  the 
important     question    involved, 
they  are  of   sufficient    interest 
to    .justify    their    presentation. 
The  results  in  full  are  shown  by 
table  CXI. 

Besides  those  enumerated  in 
the  table,  other  materials  which 
could  be  identified  from  portions 
of  sample  No.  i,  remaining  on 
the  2o-mesh  screen,  comprised 
wood,  coal,  stones,  straw,  cin- 
ders, paper,  fruit,  hair  and 
fibers,  oats,  tobacco  leaves,  mica 
and  corn. 

Other  materials  which  could 
be  identified  from  portions  of 
sample  No.  a,  remaining  on 
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FIG.  61.  STREET  CLEANING  OPERATIONS,  A  SOURCE  OF  DUST.  In 
the  common  method  of  cleaning  streets  in  Chicago,  the  refuse  is  swept  into  piles  in  the 
gutter  to  be  collected  later  by  teams.  During  the  process  of  loading  the  wagons,  the 
wind  has  full  opportunity  to  blow  out  the  finer  particles.  The  gutter  is  left  but 
"shovel  clean"  and  these  leavings  in  time  add  to  the  dust  content  of  the  atmosphere. 


different  mornings  in  December, 
1913.  In  each  case  the  collection 
was  made  after  a  dry,  quiet  night, 
and  was  taken  from  the  outer 
half  of  the  sidewalk.  The  three 
samples  thus  collected  were  com- 
bined, and  a  microscopical  and 
chemical  analysis  was  made  of 
the  combined  sample.  The  re- 
sults were  as  follows: 

PER  CENT 

Volatile  and  combustible  matter  .  39.3 
Non-combustible  matter  .  .  .  60.7 

Total 100. o 

The  analyses  showed  the  pres- 
ence of  the  following: 

PER  CENT 

Iron  oxide,  calculated  to  FezO3      .  4.0 

Alumina  (A1,O3) 8.3 

Lime(CaO) 7.1 

Magnesia  (MgO) 2.9 

Silica  (SiO,) 7.8 

Nitrogen  (N) 3.1 


the  2o-mesh  screen,  comprised  wood,  straw, 
gravel,  feathers,  hair,  thread,  wool  fiber,  paper, 
coal,  tobacco  and  cinders.  Other  materials  which 
could  be  identified  from  portions  of  sample  No.  3, 
remaining  on  the  2o-mesh  screen,  comprised  peb- 
bles and  gravel,  brick,  porcelain,  glass,  straw, 
oats,  hair  and  coal.  Other  materials  which  could 
be  identified  from  portions  of  sample  No.  4, 


Sulphuric  acid  (SO,) 3.8 

These  results,  combined  with  those  of  a  mic- 
roscopical examination  of  the  material,  justify  the 
following  conclusions  concerning  its  composition: 

PER  CENT 

Manure  and  organic  debris 

Ashes  and  cinders  (matter  of  fuel  origin)    .... 

Mineral  debris  not  of  fuel  origin 

Moisture  and  undetermined  volatile  matter     . 


Total 


35-0 
45-0 
15.0 
5-0 

100. 0 


TABLE   CXI.    ANALYSIS  OF  SAMPLES  OF   DRY  SIDEWALK   SWEEPINGS 


Percei 

itage* 

Sample 
No. 

Lvoation 

Material 

Cent 
of 
Total 

A.h 
* 

Organic 

Nitrogen 

Sulphur 

Silicon 

Ull.l 

Ferric 
Oxid  and 

\luuiimum 

IIM.I 

Calcium 
Oxid 

Magne- 
sium 
Ond 

1 

2 

3 

4 

& 

8 

7 

8 

0 

10 

11 

12 

1 

From  Halsted  and 
10th  Ste.,  under 
R.  R.  Elevation 

Coarse  cinders  . 
Fine  cinders.  .  . 
Dust  

7.00 
34.00 
59.00 

11   71' 
57.83 
71.50 

.V,  is 
42.17 
28.50 

1.52 
0.71 

I,    MO 

0.93 

ii  \n 

8.70 

II      Ml, 

47.07 

2     I.'. 

5.95 

s   711 

1   I'.i 
3.25 

.;  12 

0.52 
1.81 

2 

From  Sidewalk 
Monroe  and 

M:irkrt  Sis. 

Coarse  cinders  . 
Fine  cinders  .  .  . 
Dust  

15.62 
54.95 
30.43 

.11  11,1 
60.02 
71.10 

66.00 
9t  MS 
28.90 

1.09 
0.77 
0.45 

II   71 
0.75 

ii  1,1 

18.90 

•HI    I.'. 
44.60 

1,    1,0 

10.60 

:t  (17 
3.50 
5.89 

a.ra 

1.19 

3 

From  Halated  and 
16th  Sts.,  west  of 
R.  R. 

Coarse  cinders  . 
Fine  cinders  .  . 

Dust  

i'j  83 
54.54 

•2'2  tiH 

M>,  :..-, 

M     Ml 

71    .1(1 

34.20 
25.31 

0.25 
0.67 

ii  .-,2 

0.20 

0.52 

ii  i,:i 

SI    1,1  1 
.Mi    '.<> 
54.00 

:t  07 
6.05 

4.23 
3.98 
5.73 

3.76 
1.23 

2  96 

4 

From  26th  St. 
over  Illinois 
Central  R.  R. 

Coarse  cinders  . 
Fine  c  inders  .  .  . 
Dust  .... 

50.90 
46.20 

25.73 
51.77 

74.27 
iv  23 

Tar 
0.29 
0.81 

1.5 
1.6 

20.30 
88  ^1 

2.5 
6.0 

1.33 
4.75 

2.90 

56.15 

4:i   7"i 

i'  i>:i 

1    7 

40.49 

remaining    on    the    2o-mesh    screen,    comprised 
cinders,  sand,  stones  and  wood. 

Supplementing  the  collections  described,  sam- 
ples of  sidewalk  sweepings  were  collected  from 
the  west  side  of  Michigan  Avenue,  between 
Washington  and  Randolph  streets,  on  three 


Placing  a  liberal  interpretation  upon  all  results 
obtained  from  sweepings,  it  may  be  said  that 
approximately  one-third  of  the  material  collect- 
ed was  fuel  ash,  one-third  was  organic  matter, 
with  which  is  included  the  combustible  fuel  dust, 
and  one-third  was  silicious  and  metallic.  It  is, 
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perhaps,  safe  to  say  that  from  one-half  to  two- 
thirds  of  the  material  collected  was  of  fuel  origin. 
A  conclusion  to  the  effect  that  two-thirds  of 
the  atmospheric  dust  is  of  fuel  origin  does  not 
imply  that  this  amount  represents  material 
which  directly  descends  from  the  smoke  clouds 
above  the  city.  It  has  been  shown  that  dust  of 
fuel  origin  arises  from  secondary  sources,  such  as 
imperfectly  cleaned  streets  and  sidewalks,  as  well 
as  from  the  chimneys  of  buildings.  It  is  conceiv- 
able that,  if  all  discharges  of  smoke  from  chimneys 
were  to  cease  for  a  period  of  many  days,  dust  of 
fuel  origin  would  still  be  found  in  the  atmosphere. 
An  analysis  does  not  show  how  much  atmospheric 
dust  is  due  directly  to  smoke  and  how  much  is  due 
to  the  persistence  of  more  remote  sources  of  dust. 

CONCLUSIONS 

112.15  The  Importance  of  Allies  of  Smoke 
in  Atmospheric  Pollution:  The  facts  already 
presented  may  be  summarized  as  follows: 


i.  Streets   and   alleys   represent    approx- 
imately ao  per  cent  of  the  entire  area  of 
the  city;  approximately  one-half  of  the  thor 
oughfares  are  unimproved. 

i.  Atmospheric   dust   is   not   entirely   of 
fuel    origin;    much  of   it  —  probably    one- 
third   or  more  of  the  total  —  arises  from 
t    traffic  and  from  other  activities   of 
the  city. 

3.  The  amount  of  city  dust  which  enters 
as  a  polluting  agency  into  the  atmosphere 
is  a  function  of  efficiency  in  city  sanitation ; 
it  depends  upon  the  standards  of  cleanli- 
ness observed  in  the  maintenance -of  streets 
and  alleys,  and  upon  methods  employed  in 
cleaning. 

4.  Atmospheric  pollution  cannot  be  re- 
duced to  a  minimum  through  attention  to 
smoke  abatement  alone;  in  order  to  accom- 
plish its  reduction  to  a  minimum,  attention 
must  be  given  to  all  of  those  processes  and 
activities  of  the  city  which  give  rise  to  dust, 
or  which  deal  with  the  collection  and  dis- 
posal of  city  dirt. 


113.    ATMOSPHERIC   POLLUTION  AS   DISCLOSED   BY  A   STUDY  OF 

THE   ATMOSPHERE 


SYNOPSIS:  The  effects  produced  by  polluting  agencies  in  the  atmosphere,  whatever  their 
origin,  depend  somewhat  upon  weather  conditions.  The  Committee's  study  of  the  atmosphere 
of  Chicago  has,  therefore,  involved  a  comparison  of  meteorological  phenomena  in  Chicago  with 
those  of  other  cities,  and  a  study  of  such  phenomena  in  their  relation  to  atmospheric  pollution. 
It  has  also  involved  the  sampling  of  air  at  numerous  points  throughout  the  Area  of  Investigation 
and  an  analytical  examination  of  the  samples  to  detect  and  evaluate  the  significance  of  all  constit- 
uents of  the  atmosphere,  both  gaseous  and  solid.  The  results  of  these  studies  and  the  conclusions 
to  be  drawn  from  them  are  presented  in  this  chapter. 


113.01  Purpose  of  this  Study:  It  has  been  the 
Committee's  purpose  in  the  preceding  chapters  of 
this  report  to  present  a  record  of  essential  facts 
bearing  upon  the  progress  which  has  been  made  in 
smoke  abatement  throughout  the  world,  to  define 
the  territory  embraced  by  the  Committee's  in- 
vestigation, to  record  with  accuracy  the  amount 
and  character  of  the  fuel  consumed  within  this 
territory,  to  present  the  results  of  an  investigation 
setting  forth  the  extent  to  which  each  of  the 
several  classes  of  fuel  consuming  services  contri- 
butes to  the  production  of  smoke,  and  to  disclose 
those  peculiarities  of  each  service  which  have  a 
bearing  upon  the  problem  of  smoke  abatement. 
The  studies  previously  reported,  therefore,  have 
dealt  largely  with  the  sources  of  smoke  and  with 
the  means  by  which  it  may  be  abated.  The  pres- 
ent chapter  deals  with  the  more  general  aspects 
of  atmospheric  pollution,  smoke  being  recognized 
as  one  of  many  agencies  contributing  thereto. 
It  seeks  to  answer  the  question  as  to  how  much 
of  all  that  is  objectionable  in  the  atmosphere  is 
of  fuel  origin.  It  deals  with  the  atmosphere 
itself  and  sets  forth  the  results  of  an  elaborate 
investigation  of  its  constituents  as  revealed  by  the 
following  studies : 

1.  A  study  of  the  meteorological  conditions  in 
Chicago  and  other  cities  and  of  the  relation  be- 
tween meteorological  conditions  and  atmospheric 
pollution. 

2.  A  study  of  the  atmosphere  of  cities  as  dis- 
closed by  a  review  of  scientific  literature  bearing 
upon  the  subject. 

3.  An  examination  of  the  atmosphere  of  Chi- 
cago by  means  of  an  extensive  series  of  tests 
involving  filtration  and  chemical  analyses  of  rep- 


resentative samples  of  air  and  also  of  samples  of 
rain  and  snow  collected  at  various  points  through- 
out the  Area  of  Investigation. 

A  STUDY  OF  METEOROLOGICAL  CON- 
DITIONS IN  THEIR  RELATION  TO 
ATMOSPHERIC  POLLUTION 

113.02  The  Influence  of  Meteorological  Con- 
ditions upon  Atmospheric  Pollution :  The  effects 
of  atmospheric  pollution  due  to  smoke  are  inten- 
sified or  diminished  as  a  result  of  meteorological 
conditions.  Scientific  methods  for  measuring  the 
absolute  value  of  these  effects  are  not  available. 
The  results  are,  therefore,  relative. 

The  Committee  has  made  an  elaborate  statis- 
tical study  of  the  weather  conditions  in  various 
cities  in  the  United  States  and  Europe,  the  results 
of  which  are  shown  by  figs.  62  to  66,  inclusive. 

All  information  for  this  study  has  been  obtained 
from  official  or  other  reliable  sources.  The  record 
covers  conditions  prevailing  during  the  seven-year 
period  from  1906  to  1912,  inclusive,  in  39  Ameri- 
can cities  and  13  European  cities.  The  facts  thus 
made  available  have  been  studied,  interpreted 
and  very  materially  supplemented  with  data 
from  other  sources  by  Henry  J.  Cox,  Professor 
of  Meteorology,  United  States  Weather  Bureau, 
Chicago,  from  whose  report  the  greater  parts  of 
the  analyses  presented  have  been  summarized.* 

It  should  be  recognized  that  in  a  detailed  study 
of  meteorological  data  the  facts  presented  are 
significant  only  as  mean  or  average  values.  Due 
consideration  should  also  be  given  to  the  methods 

*  The  detailed  report  of  ProfeMor  Cox  is  prejerved  in  the  Archives  of  the 
Committee,  Vol.  A  I. 
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employed  in  making  observations.  Mean  weather 
conditions  as  established  for  various  cities  do  not 
in  all  cases  serve  to  disclose  climatic  differences. 
For  example,  the  average  weather  conditions  in 
Chicago  are  similar  to  those  in  Seattle,  especially 
with  regard  to  temperature  and  precipitation,  yet 
in  regard  to  climate  these  two  cities  are  known  to 
be  widely  dissimilar.  Chicago's  precipitation  is 
well  distributed  throughout  the  year,  while  that 
of  Seattle  occurs  almost  wholly  during  the  colder 
months.  The  temperature  range  of  Chicago  is 
nearly  twice  as  great  as  that  of  Seattle.  A  com- 
parison of  the  mean  maximum  and  mean  mini- 
mum temperatures  of  London  and  Chicago  pre- 
sents similar  inconsistencies  when  the  extremes 
and  ranges  of  temperature  are  considered. 

Again,  data  as  reported  for  different  cities  are 
not  always  comparable,  because  of  differences  in 
the  methods  employed  in  making  observations 
or  in  the  instruments  used  in  recording  effects. 
In  general,  however,  data  for  various  cities  in 
the  United  States  are  obtained  by  means  of 
methods  and  instruments  which  are  identical 
or  similar,  so  that  the  records  for  cities  in  this 
country  are  generally  directly  comparable  with 
each  other.  But  comparisons  cannot  be  drawn 
with  the  same  certainty  between  European  and 
American  cities.  For  instance,  the  sunshine 
values  for  European  cities  are  uniformly  lower 
than  those  for  cities  of  the  United  States,  a  dis- 
crepancy due  in  part  to  the  fact  that  thermomet- 
ric  recording  instruments  are  employed  by  all 
the  United  States  Weather  Bureau  offices,  while 
most  European  cities  use  the  photographic  sun- 
shine recorder. 

Notwithstanding  limitations  of  the  sort  referred 
to,  the  record  supplies  a  good  basis  from  which  to 
study  meteorological  phenomena  in  their  relation 
to  atmospheric  pollution. 

113-03  Wind  Movement:  Wind  velocities  both 
in  this  country  and  abroad  are  recorded  in 
practically  all  cases  by  means  of  instruments 
which  are  identical,  the  Robinson  anemometer 
being  in  general  use  for  this  purpose.  But  the 
records  are  affected  by  differences  in  the  character 
of  exposure  at  the  points  of  observation.  An 
anemometer  records  the  wind  movement  at  the 
precise  point  of  its  location,  and  such  instruments 
installed  at  several  points  in  the  same  city  may 
record  different  values.  For  example,  during 


the  period  from  1891  to  1905  the  Chicago  weather 
office  was  located  in  the  Auditorium  Tower  and 
its  anemometer  had  a  free  exposure  for  several 
blocks  in  every  direction.  Under  these  conditions 
the  recorded  wind  movement  averaged  17.0  miles 
per  hour.  Since  1906  the  office  has  been  in  the 
Federal  Building  on  the  dome  of  which  the  ane- 
mometer is  located.  The  present  point  of  expo- 
sure is  36  feet  higher  than  the  former  location, 
but  there  are  lofty  buildings  closely  surrounding 
it.  The  average  movement  of  air  over  the  dome 
of  the  Federal  Building  from  1906  to  1912,  inclu- 
sive, was  but  14.0  miles  per  hour,  or  18  per  cent 
less  than  at  the  Auditorium.  A  comparison  of 
simultaneous  records  of  wind  movement  made 
at  the  Auditorium  Tower  and  at  the  Federal 
Dome  for  a  period  of  six  months  from  July  to 
December,  1905,  inclusive,  discloses  the  fact  that 
the  wind  velocity  at  the  Federal  Dome  averaged 
only  90  per  cent  of  that  at  the  Auditorium  Tower, 
the  velocity  being  less  for  movements  from  all 
points  of  the  compass  except  from  the  west  and 
northwest,  in  which  cases  it  was  slightly  higher 
at  the  Federal  Dome.  The  change  in  the  annual 
average  wind  velocities  as  shown  by  the  records 
of  the  Chicago  office  is  not  due,  therefore,  to  an 
actual  change  in  the  wind  movement  at  Chicago, 
but  is  the  result  of  a  change  in  the  location  of 
the  point  of  exposure  of  the  instruments. 

The  record  (fig.  62)  indicates  that  there  has  been 
a  steady  increase  in  the  wind  velocity  at  New 
York  City,  the  average  for  1910  being  n.6  miles 
per  hour  and  that  for  1912,  17.7  miles  per  hour. 
In  1907  the  average  hourly  velocity  at  New  York 
was  11.7  miles  and  at  Chicago  14.5  miles;  in  1912 
the  relation  was  reversed  and  the  average  veloci- 
ties were  17.7  and  i3.p  miles  respectively.  The 
increase  at  New  York  has  been  due  to  the  removal 
of  the  anemometer  to  the  top  of  one  of  the  highest 
buildings  in  the  city,  its  elevation  now  being 
454  feet,  or  104  feet  higher  than  in  1910. 

Experiments  conducted  by  Prof.  Henry  J.  Cox 
for  a  period  of  six  months  in  1907  in  the  moorlands 
of  Wisconsin  showed  that  the  velocity  of  the  wind 
at  a  point  4.7  feet  above  the  ground  averaged 
4.5  miles  per  hour,  while  at  an  elevation  of  50  feet 
above  the  ground  at  the  same  location  the  average 
recorded  was  9.0  miles  per  hour,  the  increase  in 
velocity  due  to  the  difference  in  elevation  being 
100  per  cent.  The  wind  velocity  recorded  on  the 
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Kitlel  Tower  at  a  point  990  feet  above  ground  is 
3.1  times  that  recorded  at  the  same  location  at 
an  altitude  of  only  60  feet.  Thus,  wind  velocity 
varies  directly  with  the  elevation  of  the  point  of 
observation  above  the  ground.  However,  if  the 
point  of  observation  is  surrounded  by  structures 
of  greater  height,  the  wind  velocity  recorded  may 
be  less  than  that  for  a  lower  point  which  is  not 
so  surrounded.  Were  it  possible  to  establish  con- 
ditions  in  every  city  which  would  provide  the 
same  relative  exposure  for  the  recording  instru- 
ments, the  resulting  values  would  fairly  represent 
the  wind  movements  in  the  various  sections.  The 
only  differences  under  such  conditions  would  be 
due  to  the  configuration  of  the  country  and  the 
proximity  of  the  point  of  observation  to  paths 
of  storms. 

The  intensity  of  fogs,  other  things  being  equal, 
may  be  said  to  vary  inversely  with  the  velocity 
of  wind  movements.  In  London,  where  the 
prevailing  light  winds  are  insufficient  to  carry 
away  the  smoke  of  the  city,  fogs  are  of  far  greater 
frequency  than  in  most  other  cities.  Along  the 
Gulf  Coast  and  the  Pacific  Coast  the  prevailing 
winds  are  from  water  surfaces,  a  factor  which  is 
favorable  to  the  formation  of  fogs.  In  the  large 
cities  of  the  Atlantic  Coast  the  prevailing  winds 
are  from  the  land.  As  a  result,  the  atmosphere 
of  the  Atlantic  Coast  cities  is  less  humid  and 
conditions  are  less  favorable  to  the  formation  of 
fogs  than  is  the  case  along  the  Gulf  Coast  and 
the  Pacific  Coast.  At  Chicago,  Buffalo  and 
other  lake  cities,  during  the  colder  season,  the 
moisture  laden  winds  from  the  lakes  are  fre- 
quently too  light  to  dispel  the  smoke.  This 
condition  is  favorable  for  the  formation  of  fogs. 

The  wind  movement  is,  on  the  average,  greater 
in  the  northern  states  than  in  the  southern. 
The  storm  movement  in  the  north  is  more 
active  than  in  the  south,  and  brisk  winds  in  the 
north  usually  accompany  precipitation  and  sharp 
changes  in  temperature. 

From  the  foregoing,  it  is  evident  that  atmos- 
pheric pollution  due  to  the  products  of  combustion 
is  diminished  directly  in  proportion  to  the  velocity 
of  the  wind.  With  no  wind,  those  products  of 
combustion  which  are  lighter  than  air  move  very 
slowly  into  the  upper  strata  of  the  atmosphere, 
while  the  heavier  products,  including  dust,  ash  and 
soot,  are  deposited  upon  every  accessible  surface. 


Chicago  is  fortunate  in  being  situated  dote  to 
certain  wt-ll  <  It-fined  storm  tracks  which  are  re- 
sponsible for  winds  of  higher  velocity  than  the 
average  throughout  the  country.  Moreover, 
Chicago's  advantage  lies  not  only  in  the  fact  that 
maximum  velocities  are  higher,  but  in  the  fact 
that  the  average  hourly  velocities  in  Chicago  are 
greater  than  those  of  most  other  American  cities. 
The  seven-years'  record  for  39  American  cities 
(fig.  6a)  shows  that  the  average  wind  velocities 
for  Chicago  were  exceeded  by  those  of  only  three 
other  cities,  namely,  Toledo,  Cleveland  and  Buf- 
falo. For  Chicago  the  average  was  14  miles  per 
hour,  for  Toledo  14.1  miles  per  hour  and  for 
Cleveland  and  Buffalo  14.6  miles  per  hour. 
For  more  than  half  of  the  cities  reporting  it  was 
less  than  10  miles  per  hour.  Chicago's  breezes 
generally  dispel  the  smoke  produced  within  the 
city  and  its  environs.  In  the  maintenance  of  the 
purity  of  its  atmosphere  Chicago  has  a  distinct 
advantage  over  most  other  cities.  The  cleansing 
effects  of  its  winds  are  nearly  double  those  of 
Baltimore,  New  Orleans  and  the  more  important 
cities  of  the  Pacific  Coast. 

113.04  Temperature:*  As  factors  affecting 
the  extent  to  which  products  of  combustion  pol- 
lute the  atmosphere,  temperature  and  temper- 
ature changes  are  almost  as  important  as  the 
wind  movement. 

It  has  not  been  possible  to  make  a  satisfactory 
comparison  between  the  recorded  temperatures  of 
European  cities  and  those  of  cities  in  the  United 
States,  owing  to  the  fact  that  complete  data  for 
the  former  are  not  available.  It  is  evident,  how- 
ever, that  the  temperature  recorded  in  the  British 
Isles  and  along  the  western  coast  of  the  continent 
of  Europe  corresponds  roughly  with  that  of  cities 
along  the  Pacific  Coast  of  the  United  States. 
The  range  of  temperature  at  points  along  the 
coast  is  not  great,  while  that  for  interior  points 
both  in  Europe  and  in  the  United  States  is  con- 
siderable. This  difference  between  interior  points 
and  points  near  the  sea  coast  is  due  largely  to  the 
influence  of  ocean  currents.  The  average  annual 
range  of  temperature  at  Chicago  is  106  degrees, 
at  New  York  94  degrees,  at  Denver  113  degrees 
and  at  San  Francisco  only  53  degrees.  The 
range  of  temperature  also  decreases  from  north 
to  south,  the  average  annual  range  being 
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degrees  at  Duluth,  87  degrees  at  Memphis  and 
70  degrees  at  New  Orleans. 

Cities  located  on  the  Great  Lakes  and  exposed 
to  the  influence  of  the  lake  breezes  are  compara- 
tively free  from  periods  of  extreme  heat.  Even 
during  the  record  breaking  summer  of  1911,  the 
number  of  days  during  which  the  temperature 
reached  90  degrees  or  above  was,  at  Buffalo  5, 
at  Chicago  22,  at  Milwaukee  15,  at  Detroit  14, 
at  Toledo  18,  and  at  Cleveland  6.  Cities  on 
the  plains,  remote  from  the  lakes,  show  much 
higher  maximum  temperatures,  Kansas  City 
having,  in  1911,  50  days  with  a  maximum  tem- 
perature of  90  degrees  or  above,  Omaha  52  and 
St.  Louis  43.  In  the  East,  Boston  and  New  York 
had  13  and  8  such  days,  respectively.  In  the 
South,  New  Orleans,  Birmingham  and  Atlanta 
had  59,  61  and  37  such  days,  respectively.  In  the 
foothills  of  the  Rocky  Mountains,  Denver  had 
15,  while  Seattle  had  2,  San  Francisco  none  and 
Los  Angeles  9.  In  the  year  1912,  Chicago  had 
1 6  days  during  which  a  temperature  of  zero  or 
lower  was  recorded,  Buffalo  had  9,  Milwaukee  26, 
Detroit  14,  Cleveland  12,  Toledo  10,  Kansas 
City  n,  St.  Louis  n,  Omaha  20,  Boston  5  and 
New  York  3,  while  Denver  had  7  and  the  Pacific 
Coast  cities  and  the  southern  cities  previously 
mentioned  had  none. 

The  mean  temperature  recorded  at  Chicago  is, 
as  a  rule,  somewhat  higher  than  that  recorded  at 
other  cities  in  the  southern  lake  region.  This 
is  probably  due  to  the  fact  that  the  Chicago 
weather  office  is  located  in  the  very  midst  of  the 
business  district  of  a  large  city,  where  the  activi- 
ties are  intense  and  the  heat  given  off  by  the 
buildings  is  appreciable.  If  it  were  possible  to 
make  comparisons  of  the  temperatures  of  the 
suburbs  of  the  various  lake  cities,  the  differences 
would  doubtless  not  be  great.  When  the  Chi- 
cago weather  office  was  located  in  the  Auditorium 
Tower  near  the  lake  shore,  the  average  tem- 
perature was  about  1.7  degrees  lower  than  that 
recorded  at  the  present  office  in  the  Federal 
Building. 

The  relation  which  exists  between  temperature 
and  the  extent  to  which  products  of  combustion 
pollute  the  atmosphere  is  indirect  rather  than 
direct.  Temperature  operates  to  affect  other 
meteorological  phenomena,  including  wind  move- 
ment and  relative  humidity,  and  in  this  manner 


has  an  important  bearing  upon  atmospheric 
pollution.  A  relatively  high  temperature  gen- 
erally produces  a  dry  atmosphere,  a  condition 
unfavorable  to  atmospheric  pollution;  a  low  tem- 
perature induces  a  condition  of  humidity  which 
serves  generally  to  intensify  atmospheric  pollu- 
tion. In  Chicago,  smoke  is  most  effective  as  a 
source  of  atmospheric  pollution  during  periods, 
usually  in  the  winter,  when  a  low  temperature  is 
accompanied  by  a  light  wind  movement  or  by 
the  entire  absence  of  wind. 

113.05  Relative  Humidity :  The  term  "  humid- 
ity" is  employed  in  referring  to  the  quantity  of 
moisture  in  the  form  of  invisible  vapor  present 
in  the  air.  The  air  is  said. to  be  dry  when  little 
moisture  is  present  and  humid  when  the  quantity 
of  moisture  is  relatively  great.  If  the  quantity 
of  moisture  is  expressed  in  units  of  weight  per 
unit  of  volume,  as,  for  example,  grains  per  cubic 
foot,  the  numerical  value  is  designated  as  the 
absolute  humidity.  .If,  as  is  common  in  statis- 
tics relating  to  weather  conditions,  the  value  is 
expressed  in  percentage  of  the  quantity  of  vapor 
which  the  atmosphere  will  retain  at  the  tempera- 
ture recorded,  this  value  is  known  as  the  relative 
humidity. 

The  relative  humidity  of  the  atmosphere  of 
cities  in  western  Europe,  especially  in  the  British 
Isles,  is  considerably  higher  than  that  of  Chicago. 
At  Munich,  on  the  northern  slope  of  the  Bavar- 
ian Alps,  the  humidity  is  considerably  higher  in 
winter  than  in  summer  because  of  persistent 
cloudiness  and  snow  flurries  during  the  winter, 
and  the  average  annual  humidity  is  compara- 
tively high  for  that  reason.  At  Venice  and  at 
Marseilles,  where  the  humidity  is  lower  than  at 
other  European  cities  for  which  data  are  available, 
there  is  a  wide  variation  between  the  summer  and 
the  winter  values;  the  humidity  at  Venice  espe- 
cially is  often  high  for  protracted  periods  during 
the  colder  season  of  the  year. 

London  is  noted  for  its  fogs.  Aitken  says  of 
them:  "When  we  have  fogs  the  atmosphere  is 
nearly  saturated  with  vapor,  and  the  smoke 
particles,  being  good  radiators,  are  soon  cooled 
and  form  nuclei  on  which  the  vapor  condenses. 
The  smoke  particles  thus  become  loaded  with 
moisture  which  prevents  them  from  rising,  and 
by  sinking  into  our  streets  add  their  murky 
thickness  to  the  foggy  air.  That  the  color  or 
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blackness  of  what  is  called  a  'pea-soup'  fog  is 
due  to  smoke  is,  I  think,  evident  from  the  fact 
that  a  town  fog  enters  our  houses  and  carries  its 
murky  thickness  into  our  rooms,  and  will  not  be 
induced  to  make  itself  invisible  however  warmly 
we  treat  it.  It  will  on  no  account  dissolve  into 
thin  air,  however  warm  our  rooms,  for  the  simple 
reason  that  heat  only  dissolves  the  moisture  and 
leaves  the  smoke,  which  constitutes  a  room  fog, 
to  settle  slowly  and  soil  and  destroy  the  furniture. 
If  the  fog  was  pure,  that  is  to  say,  a  true  fog  and 
nothing  but  a  fog,  such  as  one  sees  in  the  country, 
it  would  dissolve  when  heated,  as  every  well- 
conditioned  country  fog  does, — at  least,  I  never 
remember  meeting  a  fog  in  a  country  house." 

Relative  humidity  in  dense  fog  is  usually  100  per 
cent,  but  occasionally,  in  the  midst  of  large  cities, 
oily  vapors  discharged  from  innumerable  chim- 
neys condense  upon  the  fog  particles  and  prevent 
evaporation  even  when  the  humidity  of  the  air 
is  considerably  below  the  saturation  point.  Pos- 
sible instances  of  this  kind  occurred  at  Chicago 
on  September  10,  1888,  and  on  October  18,  1889, 
when  the  records  of  the  weather  office  show  dense 
fog  with  relative  humidities  of  52  and  58  per  cent, 
respectively.  Fogs  in  Chicago  are  sometimes 
blown  in  from  the  lake,  but  in  winter  they  are 
usually  caused  by  warm  air  coming  in  contact 
with  snow  covered  ground,  or,  after  a  severe  cold 
spell,  by  moist  lake  winds  blowing  over  the  colder 
surfaces  of  the  ground  whether  snow  covered  or 
bare.  Fogs  which  are  dense  at  night  may  some- 
times be  wholly  or  partially  dissipated  upon  the 
coming  of  the  day  with  its  higher  temperature, 
but  may  become  dense  again  the  following  night. 
It  is  not  often,  however,  that  fogs  continue  in 
Chicago  through  a  period  of  24  hours.  Fogs 
occur  with  greatest  frequency  in  March  and  with 
least  frequency  in  July. 

The  average  relative  humidity  at  different 
cities  on  the  Great  Lakes  varied  but  little  for  the 
seven-year  period,  1906  to  1912,  inclusive.  The 
lowest  was  72.9  per  cent  at  Cleveland  and  the 
highest  77.7  per  cent  at  Buffalo.  Chicago  occu- 
pied an  intermediate  position  with  an  average 
relative  humidity  of  74.1  per  cent.  Average  rela- 
tive humidity  is  generally  highest  in  winter  and 
lowest  in  summer.  The  humidity  of  the  atmos- 
phere of  cities  located  on  the  plains  is  usually 
lower  than  that  of  lake  cities  or  of  cities  in  the 


neighborhood  of  large  bodies  of  water.  In  the 
foothills  of  the  Rocky  Mountains  it  is  still  lower, 
the  annual  average  relative  humidity  at  Denver, 
for  instance,  being  only  53.6  per  cent.  At  points 
along  the  Gulf  of  Mexico  and  the  Pacific  Coast 
the  humidity  of  the  atmosphere  is  relatively  high, 
owing  to  the  fact  that  the  prevailing  winds  blow 
across  water  surfaces  and  are  moist.  In  the 
cities  of  the  Atlantic  Coast,  relatively  dry  atmos- 
pheric conditions  obtain  because  the  prevailing 
winds  are  from  the  land  instead  of  from  the  ocean. 

At  Chicago  the  extreme  monthly  average  values 
for  relative  humidity  for  a  long  period  of  years 
are  82.3  per  cent  for  January  and  70.4  per  cent 
for  July.  Occasionally,  very  low  humidity  read- 
ings have  been  reported  at  Chicago,  as,  for  instance, 
on  October  at,  1871,  when  the  relative  humidity 
at  3:00  P.M.  with  a  temperature  of  71  degrees  was 
20  per  cent,  and  on  April  25,  1872,  when  the  rela- 
tive humidity  at  the  same  hour  with  a  temperature 
of  8 1  degrees  was  19  per  cent.  So  far  as  is  known, 
the  latter  is  the  lowest  value  for  relative  humidity 
ever  recorded  at  Chicago.  In  the  spring  the  pre- 
vailing winds  which  are  from  the  lake  tend  to 
produce  conditions  under  which  the  air  attains 
its  purest  state.  The  atmosphere  is  not  as  moist 
as  during  the  winter  period  because  the  tempera- 
ture, as  the  air  currents  advance  from  the  lake 
over  the  warmer  surface  of  the  land,  is  rising, 
and  as  a  consequence  the  relative  humidity  is 
decreasing. 

In  the  winter,  when  the  temperature  of  the  land 
is  relatively  low  and  the  wind  movement  from 
the  lake  develops  a  condition  of  relatively  high 
humidity,  the  air  in  Chicago  attains  a  state  par- 
ticularly conducive  to  an  increase  in  the  effects  of 
atmospheric  pollution.  Under  such  conditions  fogs 
often  develop  rapidly.  In  most  cases  fogs  become 
apparent  in  the  business  sections  of  the  city  more 
quickly  than  in  the  outlying  districts,  a  condition 
which  may  be  attributed,  no  doubt,  to  the  fact 
that  the  smoke  is  densest  near  the  centers  of 
greatest  activity.  In  Chicago  it  happens  occa- 
sionally in  cold  weather  that  a  combination  of 
heavy  clouds,  fog  and  smoke  hangs  over  the  city 
for  a  period  of  several  hours,  thereby  producing  a 
condition  of  darkness.  On  such  dark  days  it  is 
sometimes  necessary  to  use  the  street  lighting 
system  as  at  night.  The  intensity  of  such 
conditions,  however,  is  never  as  aggravated  in 
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Chicago  as  in  London,  where  the  fogs  are  often 
so  dense  as  to  interfere  with  traffic.  Dense 
fogs  occur  in  Chicago  only  when  the  wind  is 
too  light  to  dispel  the  smoke  and  the  humidity 
of  the  atmosphere  is  high.  At  such  periods  the 
dust  and  soot  particles  become  coated  with 
moisture  and  settle  to  the  strata  near  the  surface 
of  the  earth,  while  the  heavy  clouds  above  prevent 
immediate  dissipation  by  the  heat  of  the  sun. 
Seldom  does  this  condition  continue  past  midday, 
when  the  wind  usually  attains  a  velocity  sufficient 
to  relieve  the  situation.  The  record  shows  that 
during  the  period  from  1902  to  1912,  inclusive, 
there  were  45  dark  days,  u  of  which  were 
marked  with  pronounced  darkness.  Three  periods 
of  darkness  with  relatively  high  temperature 
have  been  recorded  during  the  summer  months, 
these  having  been  caused  by  the  presence  of 
heavy  clouds  and  smoke  accompanying  a  thunder 
storm.  In  all  cases  the  humidity  on  dark  days 
was  relatively  high,  rarely  below  90  per  cent. 
The  most  favorable  atmospheric  conditions  for 
periods  of  darkness  in  Chicago  have  been  shown 
to  include  a  light  easterly  wind,  a  comparatively 
low  temperature,  a  moist  atmosphere  with  relative 
humidity  above  90  per  cent,  heavy  clouds  over- 
head and  dense  smoke  which  under  such  condi- 
tions is  not  permitted  to  escape  into  the  upper 
strata  of  the  atmosphere.  A  record  of  the  dates 
of  dark  days  in  Chicago  during  the  period  1902 
to  1912  and  of  the  weather  conditions  obtaining 
in  each  case  is  presented  in  the  following: 

1902 

December  10:  Light  variable  winds  throughout 
the  day  diminishing  in  velocity  toward  the  even- 
ing; temperature  32  degrees*  to  35  degrees; 
relative  humidityt  98  per  cent  in  the  morning 
and  86  per  cent  in  the  evening;  heavy  clouds  and 
dense  smoke  during  the  entire  day. 

1903 

November  28:  Light  variable  winds  in  the 
morning  increasing  in  velocity  toward  the  even- 
ing; temperature  24  degrees  to  31  degrees; 
humidity  in  the  morning  94  per  cent  and  in  the 
evening  89  per  cent;  light  snow  flurries  until 
1:00  P.M.,  heavy  clouds  and  smoke;  darkness 
in  the  loop  district  from  12:00  M.  to  12:20  P.M., 
the  area  of  darkness  beginning  at  a  point 
west  of  the  Chicago  River  at  11:30  A.  M.  and 
shifting  its  position  toward  the  lake  with  a 
change  of  wind  direction. 

*  Fahrenheit. 

t  All  readings  of  relative   humidity  reported  in  this   record   were   taken  at 

7  A.  M.  or  at  7  p.  M. 


1904 

January  6:  Light  variable  winds  during  the 
entire  day;  temperature  21  degrees  to  30  degrees 
rising  throughout  the  day;  humidity  in  the 
morning  93  per  cent  and  in  the  evening  88  per 
cent;  snow  flurries,  heavy  clouds  and  dense  smoke; 
darkness  from  7:15  A.M.  to  9:30  A.M. 

January  12 :  Light  winds  during  the  entire  day; 
temperature  25  degrees  to  34  degrees  variable 
throughout  the  day;  humidity  in  the  morning 
93  per  cent  and  in  the  evening  94  per  cent;  snow 
flurries,  heavy  clouds  and  dense  smoke;  darkness 
from  8:00  A.M.  to  9:00  A.M. 

April  9 :  Light  variable  winds ;  northeasterly  in 
the  morning  and  northwesterly  in  the  afternoon 
and  evening;  temperature  33  degrees  to  40  degrees 
rising  throughout  the  day;  humidity  in  the  morn- 
ing 95  per  cent  and  in  the  evening  88  per  cent; 
light  showers  and  snow  flurries;  heavy  clouds 
and  dense  smoke  causing  a  condition  of  darkness 
at  i :  oo  P.M. 

July  27:  Variable  winds;  thunder  storm;  tem- 
perature 62  degrees  to  80  degrees  variable; 
humidity  in  the  morning  89  per  cent,  in  the 
evening  73  per  cent;  heavy  clouds  and  smoke 
in  the  afternoon,  the  presence  of  which  produced 
a  condition  of  darkness. 

December  13 :  Light  variable  winds  from  the 
south  and  southwest;  temperature  27  degrees  to 
19  degrees  falling  throughout  the  day;  humidity 
throughout  the  day  90  per  cent;  snow  flurries, 
heavy  clouds  and  dense  smoke;  period  of  darkness 
from  7:30  A.M.  to  9:00  A.M. 

December  14:  Light  variable  winds;  tempera- 
ture 1 6  degrees  to  24  degrees  rising;  humidity  in 
the  morning  90  per  cent,  in  the  evening  74  per 
cent;  snow  flurries,  heavy  clouds  and  smoke; 
darkness  throughout  the  forenoon. 

1905 

January  6:  Light  northeasterly  winds;  tem- 
perature 22  degrees  to  30  degrees  variable; 
humidity  in  the  morning  86  per  cent,  in  the 
evening  74  per  cent;  low  clouds,  snow  flurries 
and  heavy  smoke;  darkness  from  11:00  A.M.  to 
2:00  P.M. 

January  23 :  Light  easterly  winds;  temperature 
13  degrees  to  22  degrees  rising  throughout  -tin: 
day;  humidity  in  the  morning  96  per  cent,  in  the 
evening  92  per  cent;  light  snow,  low  clouds  and 
smoke;  darkness  from  daybreak  to  9:00  A.M., 
continuing  dark  on  the  West  Side  until  noon. 

February  4:  Light  variable  winds;  temperature 
10  degrees  to  18  degrees  rising;  humidity  in  the 
morning  90  per  cent,  in  the  evening  72  per  cent; 
heavy  clouds  and  smoke;  darkness  during  the 
forenoon. 

October  18:  Moderate  southwest  winds  shift- 
ing to  northerly  at  9:00  A.M.;  temperature  68 
degrees  to  52  degrees  falling  throughout  the 
day;  humidity  in  the  morning  91  per  cent,  in 
the  evening  85  per  cent;  rain  and  heavy  clouds- 
darkness  from  8:40  A.M.  to  9:00  A.M. 
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November  13:  Brisk  to  high  northeast  winds; 
uinixniture  57  degrees  to  31  degrees,  falling; 
humidity  in  the  morning  85  per  cent,  in  tin- 
evening  77  per  cent;  heavy  clouds  in  the  after- 
noon; darkness  after  3:00  P.M. 

December  17,  18  and  19:  Light  southwest 
winds  on  the  lyth,  light  variable  winds  on  the 
i8th  and  light  westerly  winds  on  the  ipth; 
temperature  during  the  three  days,  30  degrees  to 
41  degrees  variable;  humidity  84  per  cent  to  95 
per  cent;  low  clouds  and  smoke;  darkness  during 
entire  three  days  except  during  the  forenoon  of 
the  i  8th. 

December  28:  Moderate  southwest  winds; 
temperature  42  degrees  to  37  degrees  variable; 
humidity  in  the  morning  65  per  cent,  in  the 
evening  94  per  cent;  rain  and  low  clouds;  dark- 
ness during  afternoon. 


January  21  :  Light  variable  winds;  temperature 
62  degrees  to  31  degrees  falling;  humidity  in  the 
morning  96  per  cent,  in  the  evening  94  per  cent; 
rain  and  fog;  darkness  at  i  :oo  P.M. 

February  5  and  6:  Light  variable  winds; 
temperature  1  5  degrees  to  7  degrees  on  the  sth 
and  1  5  degrees  to  9  degrees  on  the  6th  ;  humid- 
ity on  both  days,  82  per  cent  to  83  per  cent; 
snow  on  both  days;  heavy  clouds  and  smoke; 
darkness  on  the  5th,  continuous  from  10:30  A.M. 
to  11:30  A.M.  and  on  the  6th  from  10:30  A.M.  to 
130  P.M. 

February  13:  Light  variable  winds  shifting 
to  northeast  and  increasing  in  velocity  after 
3:00  P.M.;  temperature  43  degrees  to  29  degrees 
falling;  humidity  in  the  morning  81  per  cent, 
in  the  evening  90  per  cent;  light  rain,  heavy 
clouds,  fog  and  smoke;  darkness  from  n  :oo  A.M. 
to  3:00  P.M. 

February  23:  Moderate  northerly  winds  in 
forenoon,  becoming  light  and  variable  in  the 
afternoon;  temperature  48  degrees  to  40  degrees 
falling;  humidity  in  the  morning  86  per  cent, 
in  the  evening  92  per  cent;  clouds  and  smoke 
during  the  late  afternoon  caused  darkness. 

March  2:  Moderate  southeast  winds;  tempera- 
ture 49  degrees  to  37  degrees  variable;  humidity 
in  the  morning  88  per  cent,  in  the  evening  96 
per  cent;  rain,  low  clouds,  light  fog  and  smoke; 
the  period  of  darkness  covered  the  entire  day. 

March  7  :  Light  variable  winds  shifting  to  the 
southwest  and  increasing  in  velocity  in  the 
afternoon;  temperature  34  degrees  to  40  degrees 
variable;  humidity  in  the  morning  91  per  cent, 
in  the  evening  84  per  cent;  low  clouds,  dense  fog 
and  dense  smoke;  darkness  from  daybreak  to 
11:30  A.M. 

December  n:  Light  variable  winds;  tempera- 
ture 31  degrees  to  40  degrees  rising;  humidity 
in  the  morning  78  per  cent,  in  the  evening  64 
per  cent;  low  clouds  and  dense  smoke;  darkness 
throughout  the  forenoon. 

December  13:  Light  variable  winds;  tempera- 
ture 43  degrees  to  49  degrees  variable;  humidity 


in  the  morning  91  per  cent,  increasing  in  the 
evening  to  100  per  cent;  light  rain,  low  clouds, 
li^'lit  fog  and  smoke;  continuous  darkness  in  the 
afternoon . 

December  18:  Light  variable  winds;  tempera- 
ture 11  degrees  to  28  degrees  variable;  humidity 
in  the  morning  85  per  cent,  in  the  evening  69 
per  cent;  snow,  low  clouds  and  smoke;  darkness 
from  daybreak  to  10:00  A.M. 

December  20:  Light  southerly  winds;  tempera- 
turf  25  degrees  to  32  degrees  rising;  humidity 
in  the  morning  92  per  cent,  in  the  evening  86 
per  cent;  low  clouds  and  smoke;  darkness  from 
daybreak  until  9:00  A.M. 

December  24:  Light  variable  winds;  tempera- 
ture 22  degrees  to  30  degrees  variable;  humidity 
in  the  morning  91  per  cent,  in  the  evening  93 
per  cent;  snow  flurries,  low  clouds  and  smoke; 
darkness  from  daybreak  until  9:00  A.M.  and 
after  3:30  P.M. 

1907 

January  29:  Light  variable  winds;  tempera- 
ture 17  degrees  to  28  degrees  rising;  humidity 
in  the  morning  92  per  cent,  in  the  evening  too 
per  cent;  light  snow  flurries,  low  clouds  and 
smoke;  darkness  after  3:00  P.M. 

March  26:  Light  variable  winds;  temperature 
45  degrees  to  70  degrees  variable;  humidity  in 
the  morning  87  per  cent,  in  the  evening  73  per 
cent;  low  dense  clouds;  thunder  storm  in  the 
afternoon;  continuous  darkness  from  3 :3o  P.M.  to 
3:37  P-M. 

September  18:  Light  variable  winds;  tempera- 
ture 67  degrees  to  75  degrees  variable;  humidity 
throughout  the  day  95  per  cent;  rain  and  low 
clouds;  light  fog  and  smoke;  darkness  from  8:30 
A.M.  until  10:00  A.M. 

December  4:  Light  variable  winds;  tempera- 
ture 33  degrees  to  24  degrees  falling;  humidity 
throughout  the  day  76  per  cent;  snow  flurries, 
low  clouds  and  smoke;  darkness  from  1:30  P.M. 
until  2:30  P.M. 

December  17:  Light  variable  winds;  tempera- 
ture 26  degrees  to  36  degrees  variable;  humidity 
in  the  morning  79  per  cent,  increasing  in  the 
evening  to  86  per  cent;  low  clouds  and  smoke; 
darkness  continuous  during  greater  portion  of 
the  day. 

1908 

January  3:  Light  variable  winds  shifting  to 
southerly  and  increasing  in  velocity;  temperature 
20  degrees  to  41  degrees  rising;  humidity  in  the 
morning  91  per  cent,  in  the  evening  78  per  cent; 
low  clouds  and  dense  smoke;  darkness  from 
daybreak  until  9:00  A.M. 

March  27:  Moderate  northeast  winds,  shifting 
to  easterly  and  becoming  light  in  the  afternoon; 
temperature  33  degrees  to  63  degrees  variable; 
humidity  in  the  morning  97  per  cent,  in  the 
evening  93  per  cent ;  rain,  low  clouds,  light  fog  and 
smoke;  darkness  from  9:45  A.M  until  10:00  A.M. 
and  from  3:30  P.M.  until  4:00  P.M. 
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1909 

June  4:  Light  variable  winds;  temperature  55 
degrees  to  69  degrees  rising;  humidity  in  the 
morning  96  per  cent,  in  the  evening  81  per  cent; 
thunder  storm  and  heavy  clouds;  dense  fog  and 
smoke;  darkness  from  8:15  A.M.  until  8 145  A.M. 

August  27:  Light  to  moderate  variable  winds; 
temperature  71  degrees  to  83  degrees  variable; 
humidity  in  the  morning  83  per  cent,  in  the 
evening  95  per  cent;  thunder  storm  in  the  after- 
noon, low  clouds;  darkness  from  12:45  P-M-  vm^ 
1:15  P.M. 

igio 

April  16:  Light  variable  winds  in  the  forenoon 
increasing  to  brisk  winds  in  the  afternoon;  tem- 
perature 65  degrees  to  36  degrees  falling;  hu- 
midity in  the  morning  91  per  cent,  in  the  even- 
ing 88  per  cent;  rain  and  low  clouds;  darkness 
from  1:05  P.M.  until  1:10  P.M. 

April  22:  Light  variable  winds  increasing  in 
velocity  and  shifting  to  northwest  after  4:20 
P.M.;  temperature  65  degrees  to  35  degrees  fall- 
ing; humidity  in  the  morning  75  per  cent,  in 
the  evening  97  per  cent;  low  clouds;  darkness 
from  4:00  P.M.  until  4:20  P.M. 

September  12:  Moderate  northerly  winds; 
temperature  72  degrees  to  58  degrees  falling; 
humidity  in  the  morning  93  per  cent,  in  the 
evening  88  per  cent;  rain,  low  clouds  and  smoke; 
darkness  from  7:00  A.M.  until  7:30  A.M. 

I9II 

January  n:  Moderate  northerly  winds  in- 
creasing in  velocity  as  day  advanced;  tempera- 
ture 50  degrees  to  35  degrees  falling;  humidity  in 
the  morning  94  per  cent,  in  the  evening  93  per 
cent;  light  rain  and  fine  mist;  low  clouds,  light 
fog  and  smoke;  darkness  from  8:30  A.M.  until 
9:15  A.M. 

March  29:  Light  variable  winds  increasing  in 
velocity  and  shifting  to  westerly  at  IIIOOA.M.; 
temperature  30  degrees  to  41  degrees  rising; 
humidity  in  the  morning  97  per  cent,  in  the 
evening  70  per  cent;  low  clouds,  light  fog  and 
smoke;  darkness'  continuous  from  9:45  A.M.  un- 
til 11:00  A.M. 

December  15:  Light  southerly  winds;  temper- 
ature 32  degrees  to  41  degrees  rising;  humidity 
in  the  morning  84  per  cent,  in  the  evening  76 
per  cent;  dense  fog  and  smoke;  darkness  from 
7:00  A.M.  until  10:17  A.M. 

1912 

January  26:  Light  variable  winds;  tempera- 
ture 24  degrees  to  29  degrees  variable;  humidity 
in  the  morning  73  per  cent,  in  the  evening  80 
per  cent;  snow,  low  clouds  and  heavy  smoke; 
darkness  during  the  entire  afternoon. 

From  a  study  of  the  facts,  as  set  forth  in  the 
preceding  discussion,  it  is  evident  that  a  condition 
of  relatively  high  humidity  is  perhaps  the  most 


important  medium  through  which  the  polluting 
effects  of  products  of  combustion  may  be  inten- 
sified. The  record  indicates  that  the  average 
relative  humidity  of  Chicago's  atmosphere  is  not 
higher  than  that  of  most  other  cities  similarly 
located,  and  hence  that  the  effects  of  smoke 
are  not  made  relatively  more  objectionable  as 
a  result  of  this  factor. 

113.06  Precipitation:  Precipitation  is  usually 
a  natural  consequence  of  rising  humidity  and 
favorable  conditions  of  wind  and  temperature.  It 
is  an  effective  agent  in  the  purification  of  the 
atmosphere. 

The  rainfall  of  the  larger  cities  of  Europe  is 
considerably  less  than  that  of  the  great  cities 
of  this  country.  This  difference  is  not  due  to 
the  fact  that  the  rainfall  in  general  throughout 
those  countries  is  less,  but  to  the  fact  that  the 
rain  bearing  winds  are  partly  shut  off  from  the 
great  cities  of  Europe  by  mountains  or  "downs." 
The  average  annual  rainfall  at  London,  for 
instance,  is  less  than  23  inches  and  at  Glasgow 
less  than  40  inches,  while  in  the  highlands  of 
Scotland  it  ranges  from  60  to  80  inches.  The 
cities  of  Hamburg,  Berlin  and  Paris  are  situated 
much  the  same  as  London  with  respect  to  rain 
bearing  winds. 

In  the  United  States,  as  a  rule,  precipitation 
diminishes  from  the  Atlantic  Coast  westward 
across  the  central  valleys  to  the  Rocky  Mountains 
and  the  Plateau  Region  and  from  the  Gulf  Coast 
northward.  In  the  extreme  West  the  precipita- 
tion is  least  in  the  southern  portion  of  the  Pacific 
Coast  region  and  increases  steadily  northward. 
The  heaviest  precipitation  in  any  section  of  the 
country  is  that  on  the  northern  Pacific  Coast. 
A  great  difference  is  also  to  be  noted  in  the 
precipitation  in  different  sections  of  the  mountain 
districts.  Much  of  the  arid  and  semi-arid  region 
between  the  eastern  slope  of  the  Rocky  Mountains 
and  the  western  coast  ranges  receives  an  annual 
average  of  less  than  18  inches  of  rain,  irrigation 
being  necessary  to  bring  crops  to  maturity. 
While  the  greatest  precipitation  at  points  east  of 
the  Rocky  Mountains  occurs  during  the  warm 
months  of  the  year,  the  reverse  is  true  on  the 
Pacific  Coast.  In  fact,  the  precipitation  is  so  light 
in  summer  and  so  pronounced  in  winter  as  to 
divide  the  year  into  two  distinct  seasons,  one 
rainy  and  the  other  dry. 
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On  account  of  the  prevailing  lake  winds,  the 
precipitation  at  Buffalo  is  greater  than  that  at 
other  points  in  the  southern  Lake  Region,  the 
annual  average  being  36.1  inches.  Chicago's 
pivdpitation  is  33.5  inches.  The  precipitation 
at  New  York,  Boston  and  Washington  may  be 
considered  typical  of  that  of  the  eastern  section 
of  the  United  States,  the  amounts  being  40.7 
inches,  35.4  inches  and  41.9  inches,  respectively. 
The  greatest  rainfall  in  the  South  occurs  at  New 
Orleans,  where  61.2  inches  annually  are  recorded. 
At  Chicago,  the  precipitation  is  less  in  winter 
than  in  summer,  although  the  frequency  is  much 
greater  in  the  colder  months.  This  statement 
applies  also  to  nearly  all  cities  in  this  country 
and  in  Europe.  The  average  annual  number  of 
days  attended  by  precipitation  at  Chicago  is  135, 
or  about  one  day  in  three,  but  the  actual  number 
has  varied  greatly  during  the  period  of  record. 
The  largest  number  of  days  on  which  measurable 
precipitation  occurred  in  any  year  was  166  in 
1878,  while  the  smallest  number  was  106  in  1895 
and  again  in  1910. 

The  precipitation  in  Chicago  is  usually  well 
distributed  throughout  the  year.  Rarely  has  a 
protracted  drought  been  recorded.  During  the 
past  40  years,  the  longest  period  without  precip- 
itation of  any  kind  was  of  21  days'  duration, 
covering  the  first  three  weeks  of  February,  1877. 
During  the  remainder  of  that  month  only  0.06 
inches  fell,  making  it  the  driest  month  of  record 
in  Chicago.  Only  8  other  periods  of  15  days 
or  more  without  precipitation  have  occurred 
since  the  establishment  of  the  weather  office  at 
Chicago,  and  there  have  been  24  periods  of  15 
days  or  more  in  which  not  more  than  a  "trace" 
of  precipitation  occurred.  It  is  during  such 
dry  seasons  that  the  burden  of  atmospheric  dust 
increases  to  a  maximum. 

Cities  located  in  regions  of  comparatively  high 
humidity  and  subject  to  the  contaminating  effects 
of  dust,  smoke  and  their  accompaniments,  find 
relief  intermittently  through  the  agencies  of  wind 
or  rain,  or  both.  If  the  city  of  Chicago  possessed 
distinct  wet  and  dry  seasons  and  if  the  latter  were 
of  comparatively  long  duration,  the  contaminating 
effects  of  dust  and  smoke  would  become  more 
objectionable  than  at  present;  but  the  fact  that 
Chicago's  rainfall  is  usually  well  distributed 
throughout  the  year  gives  assurance  of  frequent 


elimination  of  impurities  from  the  atmosphere. 
Heavy  intermittent  showers  followed  by  much 
longer  periods  of  sunshine  materially  contribute 
to  a  wholesome  atmosphere. 

113.07  Sunshine:  The  sunshine  recorder  em- 
ployed by  the  Weather  Bureau  in  the  United 
States  records  the  duration  of  sunshine  only; 
it  does  not  distinguish  in  any  way  between  the 
varying  intensities  of  the  sun's  rays.  It  is 
adjusted  to  record  sunshine  whenever  the  actual 
disc  of  the  sun  is  visible,  even  though  clouds  may 
intercept  a  portion  of  the  sun's  rays.  As  a 
consequence,  sunshine  may  be  continuous  when 
a  thin  stratum  of  cloud  covers  the  entire  sky. 
Sunshine  is  diminished  in  the  daytime  by  clouds, 
fog,  smoke,  haze,  and  sometimes  by  a  combination 
of  two  or  more  of  these.  In  clear  weather  the 
smoke  alone,  it  is  thought,  is  never  sufficient  to 
prevent  a  record  of  sunshine.  It  does  prevent 
such  a  record  occasionally  in  connection  with  fog 
and  doubtless,  in  some  cases,  with  partial  cloudi- 
ness when  the  sun  would  otherwise  be  visible. 

Owing  to  differences  in  the  recording  instru- 
ments employed,  the  record  for  European  cities 
is  not  comparable  with  that  for  cities  in  the 
United  States,  but  with  due  allowance  for  these 
differences  the  record  seems  to  indicate  that  the 
average  percentage  of  sunshine  is  considerably 
less  in  Europe  than  in  the  United  States.  Chicago 
has  an  annual  average  of  sunshine  of  57.4  per  cent. 
The  Atlantic  Coast  cities,  New  York  and  Boston, 
have  relatively  high  averages  of  sunshine,  61.3 
per  cent  and  58.7  per  cent,  respectively.  Cities 
farther  south  have  lower  averages,  that  for 
Philadelphia  being  56.7  per  cent  and  that  for 
Washington  54.6  per  cent.  Pittsburgh  with 
49.0  per  cent  and  Scranton  with  38.4  per  cent 
have  the  lowest  values  among  cities  in  the  Eastern 
States.  These  low  percentages  are  due  partly 
to  the  local  smoke  producing  industries  and 
partly  to  the  fact  that  these  cities  are  located 
within  the  paths,  not  only  of  the  disturbances 
which  cross  the  Great  Lakes  and  the  Ohio  Valley, 
but  also  of  those  whose  centers  move  northward 
along  the  Atlantic  Coast. 

Cities  in  the  Plains  States,  such  as  St.  Paul. 
Kansas  City  and  Omaha,  have  higher  averages 
than  Chicago,  their  percentages  being  60.6,  63.9 
and  59.3,  respectively.  Denver,  located  in  the 
foothills  of  the  Rocky  Mountains,  has  a  still 
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higher  percentage.  In  general,  the  amount  of 
sunshine  increases  from  the  Great  Lakes  westward 
to  the  Rocky  Mountains,  thence  southwestward 
to  the  South  Pacific  Coast,  Los  Angeles  with  a 
percentage  of  71.0  having  the  highest  average. 
Passing  northward  along  the  Pacific  Coast,  the 
percentages  diminish  and  reach  a  minimum  at 
Seattle  with  42.9  per  cent.  This  low  value  is 
not  only  due  to  the  persistent  rainy  weather 
during  the  colder  months  of  the  year,  but  also 
to  considerable  cloudiness  during  the  summer 
months.  Cities  in  the  Gulf  States,  such  as  New 
Orleans  and  Birmingham,  show  about  the  same 
percentage  as  Chicago. 

Chicago,  with  its  annual  average  percentage  of 
57.4,  enjoys  a  greater  amount  of  sunshine  than 
other  cities  in  the  southern  Lake  Region.  The 
values  for  other  lake  cities  are  as  follows:  Cleve- 
land, 50.6  per  cent;  Detroit,  49.3  per  cent;  Toledo, 
52.6  per  cent;  and  Buffalo,  49.5  per  cent.  The 
low  values  for  Detroit  and  Buffalo  are  due  to  the 
persistency  of  cloudy  weather  accompanied  by 
snow  in  the  winter  time.  At  Chicago,  the  highest 
monthly  average  is  71.0  per  cent  for  July.  The 
highest  recorded  average  for  any  one  month  was 
84.0  per  cent  in  March,  1910,  which  was  the 
warmest,  driest,  sunniest  March  covered  by  the 
records  of  the  local  weather  bureau.  The  lowest 
monthly  average  is  41.0  per  cent  for  December, 
and  averages  as  low  as  28  per  cent  were  recorded 
in  December,  1895  and  1896.  At  Buffalo,  the 
percentages  in  the  winter  months  often  fall  below 
20,  and  in  January,  1910,  the  low  figure  of  9  per 
cent  was  recorded. 

At  Chicago,  during  the  summer  season,  a  day 
with  less  than  one  hour  of  sunshine  seldom 
occurs,  and  even  in  the  winter  months,  when  the 
mean  duration  of  sunshine  is  less  than  50  per 
cent  of  the  possible  amount,  the  days  with  one 
hour  or  more  of  sunshine  average  more  than 
three  in  five.  Because  of  the  temperature  con- 
ditions and  the  frequency  of  storms,  cloudiness 
is,  on  the  average,  greater  in  winter  than  in 
summer.  In  the  winter  season,  there  may  be 
several  days  in  succession  with  skies  so  heavily 
clouded  that  no  sunshine  is  recorded.  The 
longest  period  of  this  sort  on  record  for  Chicago 
is  one  of  10  days  from  December  16  to  25,  1895. 
Another  period  of  9  days  occurred  from  February 
4  to  12,  1897.  No  long  periods  of  the  kind  have 


occurred  in  the  summer  months;  one  of  4  days 
recorded  in  September,  1902,  and  another  of  5 
days  in  May,  1908,  are  the  longest  on  record. 
Their  occurrence  has  generally  been  confined  to 
the  months  of  November,  December,  January 
and  February. 

It  occasionally  happens  that  periods  of  settled 
weather,  with  continuous  sunshine  from  sunrise  to 
sunset,  extend  over  several  days.  These  periods 
are  far  more  frequent  in  the  early  autumn  than 
at  any  other  time.  They  seldom  occur  in  the 
summer  because  of  the  active  convectional  cur- 
rents of  warm  afternoons,  which  usually  give  rise 
to  clouds  of  the  cumulus  type,  interrupting  at 
intervals  the  rays  of  the  sun.  They  are  also  very 
infrequent  in  winter  because  of  prevailing  condi- 
tions favorable  to  cloud  formation.  The  two 
longest  periods  of  continuous  sunshine,  8  and  7 
days  in  extent,  respectively,  occurred  in  the 
autumn. 

The  extent  to  which  atmospheric  dust  and 
smoke  diminish  sunshine  is  not  accurately  known. 
It  is  evident,  however,  that  smoke  does  not 
have  any  appreciable  effect  upon  upper  cloud 
formations  unless  the  dust  particles  and  smoke 
ascend  directly  to  the  upper  strata,  the  elevations 
of  which  are  from  5,000  to  10,000  feet.  In  the  up- 
per atmosphere  there  are  always  strong  currents, 
and  by  the  time  the  dust  particles  from  the  smoke 
of  any  city  reach  the  upper  cloud  layer  they  must 
necessarily  have  been  transported  many  miles. 
Dust  particles  permeate  the  upper  atmosphere 
throughout  the  world  and  are  in  constant  motion. 
Within  six  months  after  the  eruption  of  Krakatoa, 
in  the  Straits  of  Sunda,  the  volcanic  dust  had  en- 
circled the  globe,  as  was  apparent  from  the  haze 
which  caused  red  sunsets  for  a  long  period.  A 
similar  haze  was  visible  at  Chicago  after  the 
eruption  of  Mount  Pelee,  May  8,  1902. 

From  the  foregoing  discussion,  it  is  evident 
that  dust  particles  present  in  the  upper  strata 
above  Chicago  may  have  been  conveyed  many 
miles,  possibly  from  St.  Louis,  Kansas  City, 
Denver,  San  Francisco,  Honolulu  or  Tokio. 
Smoke  arising  from  the  furnaces  of  any  city  has 
no  appreciable  effect  upon  local  cloud  formations, 
but  it  is  a  most  important  factor  in  the  formation 
of  fog  and  thus  operates  to  decrease  the  amount 
of  sunshine.  On  the  other  hand,  sunshine  is 
a  powerful  factor  in  dispelling  fogs,  being  at  least 
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iiuil  importance  with  wind  in  this  respect. 
Sunshine,  which  might  be  considered  nominally 
as  the  visible  heat  of  the  sun,  operates  by  increas- 
ing the  temperature  of  the  atmosphere  and  there- 
by preventing  the  maximum  degree  of  humidity 
necessary  for  the  formation  of  fog. 

113.08  Conclusions  Regarding  the  Effects  of 
Meteorological  Phenomena  upon  Atmospheric 
Pollution:  An  analysis  of  the  facts  set  forth  in 
the  preceding  sections  seems  to  justify  certain 
conclusions  with  reference  to  the  extent  to  which 
meteorological  conditions  serve  to  intensify  or 
diminish  the  effects  produced  by  smoke  upon  the 
atmosphere  of  Chicago.  These  may  be  sum- 
marized as  follows: 

1 .  Wind  movement  has  the  effect  of  dissipating 
the    polluting   constituents   of   the   atmosphere 
and  of  rendering  them  less  objectionable.     The 
extent  to  which  products  of  combustion  are  effect- 
ive in  polluting  the  atmosphere  may  be  said  to 
vary  inversely  as  the  velocity  of  the  wind. 

2.  Wind  velocities  in  Chicago  are  relatively 
high  and,  as  a  consequence,  the  observed  effects 
produced  by  a  given  amount  of  smoke  are  less  in 
Chicago  than  those  which  are  produced  by  the 
same  amount  of  smoke  when  discharged  into  the 
atmosphere  of  most  other  cities. 

3.  Temperature   as  a  factor  in  atmospheric 
pollution  is  of  indirect  importance  only;  it  exerts 
an  influence  upon  other  atmospheric  conditions, 
such  as  wind  and  humidity,  which  are  factors 
of  great  importance.     This  relationship  between 
temperature  and  other  conditions  is,  however, 
complex.     Chicago's  recorded  temperature  is  a 
little  higher  than  that  of  neighboring  lake  cities, 
but  it  is  believed   that  the   actual   differences 
are  not  great. 

4.  High    relative    humidity    serves    directly 
to  intensify  the  effects  of  atmospheric  pollu- 
tion in  that  it  promotes  the  formation  of  fogs 
or  mists  which  hold  the  products  of  combustion 
in  the  atmospheric  strata  near  the  earth.     The 
records  show  that  the  humidity  of  Chicago's 
atmosphere  as  compared  with  that  of  other  cities 
is  of  intermediate  value. 

5.  Precipitation  is  an  effective  purifier  of  the 
atmosphere.     It  operates  to  wash  out  a  large 
portion  of  the  polluting  substances  suspended  in 
the  air.     Few  cities  have  a  more  favorable  dis- 
tribution   of    rainfall    than    that   recorded    for 
Chicago. 

6.  Sunshine,  as  a  factor  affecting  atmospheric 
pollution,  tends  to  diminish  the  effects  of  the 
polluting  constituents  of  the  air  in  that  it  produces 
a  condition  of  low  humidity.     Few  cities  east  of 
the  Mississippi  River  surpass  Chicago  in  percen- 
tage of  sunshine. 

7.  Sunshine,  as  affected  by  atmospheric  pollu- 
tion, serves  as  an  indirect  measure  of  the  extent 


"i  tin-  |->lhitii.n  Chicago's  relatively  high  per- 
centage of  sunshine  is  evidence  that  its  degree 
of  atmospheric  pollution  a  not  greater  than  that 
of  most  othiT  c-itirs  similarly  located. 

8.  In  general,  the  combination  of  meteorological 
conditions  which  t.-n.ls  to  intensify  the  effect* 
of  polluting  substances  in  the  air  includes  low 
wind  velocity,  comparatively  low  temperature, 
high  relative  humidity  and  absence  of  sunshine. 

9.  Meteorological  conditions  tending  to  dimin- 
ish the  effects  of  polluting  substances  in  the  air 
include  moderate  or  high  wind  velocities,  high 
temperature,  low  relative  humidity,  intermittent 
showers  and  periods  of  sunshine. 

10.  Chicago's  weather  conditions,  in  their  re- 
lation to  the  maintenance  of  a  pure  and  whole- 
some state  of  the  atmosphere,  are  far  superior  to 
those  of  most  other  cities  of  the  United  States 
and  Europe. 

n.  In  general,  weather  conditions  in  Chicago 
do  not  appear  to  operate  so  as  to  intensify  the 
effects  of  atmospheric  pollution.  Periods  for 
which  the  reverse  is  true  are  of  brief  duration. 


THE    ATMOSPHERE   OF    CITIES   AS    DE- 
SCRIBED IN  SCIENTIFIC  LITERATURE* 

113.09  Atmospheric  Air:  The  atmosphere  of 
large  cities  is  a  complex  mixture  of  numerous  sub- 
stances. The  well  known  gaseous  constituents 
normally  found  in  the  atmosphere  of  cities  include 
oxygen,  nitrogen,  carbon  dioxid  and  water  vapor. 
Hydrocarbons,  solid  particles  and  compounds  of 
nitrogen,  chlorin,  sulphur  and  carbon  are  also 
found  in  varying  amounts.  Rare  gases  such  as 
argon,  helium,  neon,  krypton  and  xenon  are 
always  present  in  the  atmosphere  in  small  quan- 
tities. Ozone  also  is  often  present.  All  of  these 
rare  gases  except  ozone  are  inactive  and  possess 
no  marked  characteristics.  Atmospheric  air  has 
almost  exactly  the  same  composition  throughout 
the  world,  yielding  as  a  mean  ai  per  cent  by 
volume  of  oxygen  and  78  per  cent  by  volume 
of  nitrogen;  the  remaining  i.o  per  cent  consists 
of  the  rare  gases  mentioned.  Divergences  from 
the  normal  amount  of  oxygen  in  the  air  are 
often  to  be  noted  in  closed  rooms,  in  natural 
caves  and  in  mines.  The  percentage  of  nitrogen 
in  atmospheric  air  remains  unchanged  unless 
the  amount  of  oxygen  is  changed  or  other  gases 
are  added.  The  proportion  of  carbon  dioxid  in 
atmospheric  air  varies  somewhat  with  locality. 
Large  amounts  of  this  gas  are  sometimes  emitted 
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by  volcanoes;  deep  springs  are  sometimes  charged 
with  it;  all  animal  organisms  secrete  it;  and  the 
combustion  of  fuel  produces  it.  The  normal 
amount,  according  to  Renk,  is  about  .03  per  cent 
or  3  parts  in  10,000.  Water  vapor  is  always 
present  in  air  and,  as  has  been  shown,  it  may 
have  an  important  influence  upon  the  effects  of 
atmospheric  pollution.  Ammonia,  nitric  acid 
and  nitrous  acid  are  present  in  the  atmosphere, 
usually  only  in  very  small  amounts. 

In  addition  to  gases,  atmospheric  air  contains 
an  important  dust  content.     It  has  been  shown 
by  experiment  that  dust  is  always  present  in  the 
atmosphere  even  when  the  latter  appears  clear 
and  pure.     This  atmospheric  dust  ordinarily  com- 
prises a  variety    of    materials,    including   sand, 
salt,  soot,  cotton  fiber,  vegetable  debris,  bacte- 
ria, diatoms,  monads,  infusoria,  pollen  of  flowers, 
straw  and  epithelial  scales  from  the  skin.     The 
number  of  dust  particles  found  in  the  atmosphere 
of  country  and  mountain  districts,  where  air  is 
regarded  as  being  in  its  purest  state,  varies  from 
200  to  10,000  particles  per  cubic  centimeter.     The 
volitant  or  traveling  capacity  of  dust  is  an  attri- 
bute of  great  importance.     Some  particles  fall 
readily;  some  remain  suspended  in  the  air  and 
may  be  transported   long  distances.     Any   dust 
nuisance  originating  in  a  local  source  may,  there- 
fore, affect  the  atmosphere  of  wide  areas.     The 
fact  that  dust  forms  a  basis  for  mists,  fogs  and 
clouds  is  important,  and  the  presence  of  fogs  in 
various  large  cities  has  often  been  attributed  to 
the  dust  particles  contained  in  the  products  of 
combustion. 

113.10  The  Atmosphere  of  Cities:  The  at- 
mosphere of  cities  differs  from  that  of  country 
districts  in  its  content  of  positive  atmospheric 
impurities,  including  dust  and  the  solid  and 
gaseous  products  of  combustion.  The  presence 
of  the  solid  products  of  combustion  in  any  appre- 
ciable quantity  may  be  said  to  be  characteristic 
of  city  air.  Sulphur  dioxid  and  sulphur  trioxid, 
rarely  found  in  country  air,  are  often  important 
and  very  active  constituents  of  city  air.  Carbon 
monoxid,  which  cannot  be  regarded  as  a  constit- 
uent of  country  air,  has  been  found  in  small 
quantities  in  city  air.  Other  impurities  such  as 
ammonia,  nitrous  acid  and  nitric  acid,  are  some- 
times found  in  greater  quantities  in  city  air  than 
in  country  air. 


Upon  the  basis  of  the  results  of  the  studies  and 
experiments  of  various  investigators,  air  may  be 
said  to  be  polluted  when  the  amount  of  the  several 
impurities  present  exceeds  that  normally  found 
in  country  air.  The  amount  of  such  impurities 
necessary  to  render  the  air  injurious  to  animal  or 
vegetable  life  or  to  material  objects,  is  a  matter 
which  has  not  been  satisfactorily  determined. 

This  statement  of  the  nature  of  atmospheric 
air  as  described  by  the  literature  of  the  subject 
properly  serves  as  an  introduction  to  the  analytical 
processes  involved  by  the  Committee's  study  of 
Chicago's  atmosphere,  an  account  of  which  follows. 

COMPOSITION  OF  THE  ATMOSPHERE 

OF    CHICAGO   AS    DISCLOSED    BY 

ANALYSES  OF  AIR  SAMPLES* 

113.11    Extent  of  the  Investigation:  The  pollut- 
ing constituents  of  the  atmosphere  of  Chicago,  as 
shown  by  preceding  chapters  of  this  report,  have 
many  sources  of  origin,  such  as  the  combustion 
of  fuel,  various  industrial  and  commercial  activ- 
ities, building  construction,  processes  incident  to 
the  repair  of  streets  and  sidewalks,  the  abrasive 
action  of  traffic  and  influences  tending  to  disturb 
and  redistribute  deposits  of  dust.     The  polluting 
substances  arising  from  these  different  activit 
vary  in  character  and  importance.     The  investiga- 
tion of  the  Committee  was  undertaken  for  the 
purpose  of  obtaining  data  from  which  to  define 
and  measure  the  effect  of  each  substance,  and 
particularly   to  determine   the  extent   to  which 
products    of    combustion    tend    to    pollute    the 
atmosphere.     The  researches  included  chemii 
physical  and   microscopical  analyses  of  samples 
of  air  taken  at  numerous  points  throughout  ' 
Area  of  Investigation,   from  Lake  Michigan  on 
the  east  to  La  Grange  on  the  west,  and  from 
Ravenswood  on  the  north  to  South  Chicago  <ui 
the    south.     The   atmosphere    of    the     busin 
districts    particularly  was   made   the   subject  of 
extensive  studies.     The  samples  of  air  of  which 
analyses  have  been  made  were  collected  in   d 
tricts  near  railroad  lines,   in   industrial   centers, 
near  the  buildings  of  manufacturing  plants  a 
in  residential  and  park  districts.     All  samples  of 
air  from  which  determinations  have  been  made 
were  taken  near  the  street  level. 

*  A  more  complete  record  of  the  methods  employed  in  the  investigat  i 
reported  will  be  found  in  the  Archives  of  the  Committee.  Vols.  A  I  and  A  3. 
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During  the  period  from  May  20,  1912,  to  June 
27,   1913,   154  tests  were  conducted  in  different 
of  the  city  of   Chicago  and  6  additional 
were  made  at  La  Grange,  111.     These  tests 
were  classified  according  to  the  character  of  the 
district  in  which  they  were  conducted,  the  fol- 
lowing district  classes  being  recognized: 

1.  Park. 

2.  Playground. 

3.  Residence. 

4.  Mixed  Residence. 

5.  Industrial. 

6.  Boulevard. 

7.  Railroad. 

8.  Loop. 

Tests  included  under  the  "Park"  class  embrace 
made  in  or  near  the  parks,  including  the 
grounds  of  the  University  of  Chicago  and  the  im- 
mediate neighborhood  of  Logan  Square.  A  total 
of  .'4  park  tests  was  made,  20  having  been  con- 
ducted during  the  day  and  4  during  the  night. 

Tests  included  under  the  "Playground"  class 
embrace  those  made  in  the  vicinity  of  play- 
grounds, which  are  frequently  only  small  open 
spots  in  thickly  populated  districts.  A  total  of 
9  playground  tests  was  made,  6  having  been  con- 
ducted during  the  day  and  3  during  the  night. 

Tests  included  under  the  "Residence"  class 
eml  trace  those  made  in  neighborhoods  in  which 
the  combustion  of  fuel  was  largely  confined  to 
domestic  furnaces,  and  in  which  the  more  prolific 
sources  of  pollution,  such  as  railroads,  factories 
and  power  plants,  were  not  numerous.  A  total 
of  33  residence  tests  was  made,  24  having  been 
conducted  during  the  day  and  9  during  the  night. 

Tests  included  under  the  "Mixed  Residence" 
class  embrace  those  made  in  districts  in  which  the 
influence  of  polluting  factors  other  than  domestic 
furnaces  was  noticeable.  A  total  of  25  mixed 
ionce  tests  was  made,  20  having  been  con- 
ducted during  the  day  and  5  during  the  night. 

Tests  included  under  the  "Industrial"  class 
embrace  those  made  in  warehouse  districts,  in 
neighborhoods  in  which  were  located  a  number 
of  factories  or  in  which  some  individual  indus- 
trial plant  was  known  to  constitute  an  important 
source  of  atmospheric  pollution.  Tests  made  in 
vicinity  of  the  stockyards  were  included  in 
this  class.  A  total  of  35  industrial  tests  was 
made,  26  having  been  conducted  during  the  day 
and  9  during  the  night. 


Tests  included  under  the  "Boulevard"  claw 
embrace  those  made  on  boulevards  regardless  of 
the  immediate  surroundings.  Some  of  these  tests 
have  been  included  also  under  other  classifications 
according  to  the  character  of  the  district  in  which 
the  point  of  collection  was  located.  A  total  of 
20  boulevard  tests  was  made,  15  having  been 
conducted  during  the  day  and  5  during  the  night. 

Tests  included  under  the  "Railroad"  class 
embrace  those  made  in  the  immediate  vicinity  of 
railroad  lines.  A  total  of  52  railroad  tests  was 
made,  38  having  been  conducted  during  the  day 
and  14  during  the  night. 

Tests  included  under  the  "Loop"  class  embrace 
those  made  in  the  downtown  business  district.* 
They  also  include  a  few  tests  made  in  localities 
immediately  adjoining  this  district.  A  total  of 
33  loop  tests  was  made,  26  having  been  con- 
ducted during  the  day  and  7  during  the  night. 

In  many  cases,  a  day  and  a  night  test  were 
conducted  near  the  same  point  in  order  to  deter- 
mine the  effect  of  the  difference  in  traffic  and 
other  activities.  Some  night  tests  were  conducted 
at  points  at  which  no  day  test  was  undertaken, 
but  in  such  instances  a  comparison  between  day 
and  night  results  has  been  made  by  considering 
the  night  results  in  connection  with  the  results 
of  a  day  test  made  at  a  point  similarly  located. 

In  order  to  compare  conditions  in  the  city  with 
those  at  points  where  less  atmospheric  pollu- 
tion might  l>e  expected,  6  tests  were  conducted 
at  La  Grange,  111.,  a  town  with  a  population  of 
about  5,000,  located  12  miles  west  of  the  Chicago 
City  Hall,  near  the  western  boundary'  of  Zone  B. 
Few  industries  are  located  in  La  Grange,  al- 
though two  railroads  pass  through  it. 

The  locations  of  the  points  at  which  collections 
of  air  samples  were  made  are  indicated  by  the 
map  which  is  presented  as  fig.  67. 

113.12  Methods  Employed:  In  the  methods 
employed  in  this  investigation  for  determining  the 
chemical  and  physical  properties  of  the  polluting 
constituents  of  the  atmosphere  the  Committee  has 
aimed  at  simplicity,  accuracy  and  reliability.  At 
the  outset  it  was  recognized  as  desirable  that  the 
apparatus,  as  well  as  the  methods  employed, 
should  involve  no  complicated  manipulations 
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\\liii-h  might  introduce  error  or  decrease  the  facil- 
ity with  which  the  work  might  be  carried  on.  This 
necessary  in  order  to  insure  results  directly 
comparable  in  all  instances. 

Descriptions  of  investigations  previously  con- 
ducted present  some  inconsistencies  and  inac- 
curacies in  nomenclature,  and  difficulty  has  been 
experienced  in  readily  understanding  the  values 
presented  in  the  printed  reports.  For  instance, 
the  gaseous  sulphur  compounds,  or  acid  radicals 
containing  sulphur,  such  as  sulphur  trioxid  (SOj) 
and  sulphur  dioxid  (SCh),  are  frequently  referred 
to  as  sulphuric  acid  and  sulphurous  acid,  respect- 
ively, although  neither  possesses  acid  properties. 
These  compounds  remain  in  the  form  of  oxids  only 
under  special  conditions  and  it  is  difficult  to  de- 
termine which  of  them  is  meant  when  the  terms 
sulphuric  acid  and  sulphurous  acid  are  employed, 
or,  for  purposes  of  comparison,  to  convert  the 
values  given  to  more  definite  units  of  measure. 
The  gas,  carbon  dioxid,  which  is  a  product  of 
combustion  and  of  animal  respiration,  is  often 
referred  to  as  carbonic  acid  while,  in  fact,  its 
solution  only  is  an  acid. 

In  recent  years  chemical  nomenclature  has 
been  very  generally  standardized,  so  that  it  is 
now  possible  to  designate  substances  with  scien- 
tific accuracy. 

In  order  to  eliminate  the  possibility  of  any 
misinterpretation  of  the  results  presented  in  this 
report,  the  correct  chemical  name  of  each  sub- 
stance considered  and  its  corresponding  formula 
are  given  in  the  following: 


CHKMICAL  NAME 


FORMULA 


Oxygen O 

Nitrogen    ....  N 

Carbon  dioxid  (carbonic 

acid)       ....        COz 
Ozone  and  other  rare  gases 
Carbon  monoxid  (carbonic 

oxid)      ....          CO 
Ammonia  ....        NH3 

Nitrous  acid,  nitrites       HNOa 


Nitric  acid,  nitrates 
Chlorin,  chlorid   . 


Sulphur     . 
Sulphur  dioxid 
Sulphurous  acid 
Hydrogen  sulphic 
Sulphur  trioxid 
Sulphuric  acid 


S 

SOz 
H2S03 
HaS 
S03 
H2S04 

rial  collected  in  filter;  I 
mineral  matter,  soot,  cinders,  f 
dirt,  street  debris,  etc. 


HN03 
Cl 


UNIT  OF  MEASURE  EMPLOYED 


Not  determined 
Not  determined 
Parts  COa  per  10,000  of 

air 
Not  determined 

Not  determined 
Milligrams  of  NH3  per 

cubic  meter  of  air 
Milligrams  of  HNOa  per 

cubic  meter  of  air 
Not  determined 
Milligrams  of  Cl  per  cubic 

meter  of  air 


Milligrams  of  HzSO-t  per 
cubic  meter  of  air 


Milligrams   of  solids!  per 
cubic  meter  of  air 


Alter  a  study  of  results  of  previous  investiga- 
tions, it  was  decided  to  adopt  as  a  uniform  volume 
for  test  samples  30  cubic  meters,  or  about  1,000 
cubic  feet,  of  air.  It  was  expected  that  a  sample 
of  this  volume  would  ordinarily  contain  sufficient 
quantities  of  the  various  polluting  substance*  to 
indicate  thr  t  accurately.  It  was  esti- 

mated that  a  period  of  six  or  seven  hours  would 
be  required  to  pass  a  sample  of  air  of  this  volume 
through  the  sampling  apparatus.  The  problem 
of  collecting  such  a  sample  and  transporting  it 
to  the  laboratory  for  analysis  presented  many 
difficulties,  and  the  most  satisfactory  solution 
seemed  to  lie  in  the  construction  of  a  portable 
laboratory  which  might  be  operated  at  any  de- 
sired point.  A  special  laboratory  installed  upon 
a  motor  chassis  was  accordingly  built  for  the 
purpose  (figs.  76  and  77,  section  113.14). 

Practically  all  analytical  methods  of  investigat- 
ing the  atmosphere  depend  upon  the  absorption  of 
polluting  constituents  by  suitable  solutions.  It 
is  possible  to  select  separate  solutions  for  many 
substances,  but  this  process  would  be  imprac- 
ticable and  complex  in  its  operation.  Therefore, 
it  was  decided  that  the  use  of  an  acid  and 
an  alkaline  solution  as  absorbents  would  yield 
sufficiently  accurate  data  for  a  comparison  of 
conditions  in  various  locations.  The  absorption 
apparatus  and  the  solutions  used  are  hereinafter 
described. 

Because  of  the  relatively  large  proportion  of 
carbon  dioxid  in  the  air,  the  complete  removal 
of  this  constituent  by  absorption  from  all  the  air 
passing  through  the  apparatus  was  not  attempted. 
The  determinations  of  carbon  dioxid  were  made 
by  the  Pettenkofer  method,  which  is  commonly 
used  in  connection  with  samples  of  4  to  5  liters. 
This  method  requires  the  following  solutions: 

1.  A  standard  solution  of  hydrochloric  acid. 

2.  An  approximately  tenth-normal  solution  of 
hydrochloric  acid. 

3.  An  approximately  tenth-normal  solution  of 

barium  hydroxid. 

4.  A  solution  of  phenol  phthalein. 

The  standard  solution  was  accurately  standard- 
ized according  to  methods  commonly  used.  One 
cubic  centimeter  of  this  acid  was  equivalent  to  0.35 
cubic  centimeters  of  dry  carbon  dioxid  under  stand- 
ard conditions,  that  is,  at  o  degrees  centigrade  and 
760  millimeters  (mercury)  barometric  pressure. 
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The  tenth-normal  solutions  were  so  prepared 
that  50  cubic  centimeters  of  the  barium  hydroxid 
required  50  cubic  centimeters  of  the  acid,  and 
in  addition,  15  to  20  cubic  centimeters  of  the 
standard  hydrochloric  acid,  to  neutralize  it,  using 
phenolphthalein  indicator. 

The  tenth-normal  hydrochloric  acid  solution 
was  made  by  adding  hydrochloric  acid  (specific 
gravity  1.20)  to  distilled  water  in  the  proportion 


the   carbon   dioxid    determinations   is   presented 
as  fig.  68. 

The  bottles  shown  are  common  laboratory 
utensils,  such  as  are  ordinarily  employed  for 
handling  acids.  When  the  apparatus  was  pre- 
pared for  conducting  a  test,  bottle  No.  i,  which 
was  fitted  with  a  burette  and  atomizer  tube  with 
double  valve,  contained  the  standard  hydrochloric 
acid,  and  bottle  No.  3,  which  was  equipped  with 


FIG.  68.    APPARATUS  EMPLOYED  FOR 

of  8  or  9  cubic  centimeters  of  acid  to  one  liter 
of  water. 

The  barium  hydroxid  solution  was  made  by 
dissolving  6.57  grams  of  the  moisture-free  salt 
Ba  (OH)  2  in  water  and  diluting  the  volume  to 
one  liter.  The  indicator  phenolphthalein  was 
made  by  dissolving  one  gram  of  the  solid  in 
one  liter  of  ethyl  alcohol. 

An  illustration  of  the  apparatus  employed  for 


CARBON  DIOXID  DETERMINATIONS 

a  pipette  of  approximately  50  cubic  centimeters 
capacity  and  means  for  transferring  a  quantity 
of  the  solution  into  the  pipette,  contained  the 
tenth-normal  hydrochloric  acid  solution.  The 
guard  tube  on  bottle  No.  3  contained  water  which 
served  as  a  trap  to  prevent  the  pipette  from  drying 
out  when  not  filled  with  solution.  Bottle  No.  4 
contained  a  quantity  of  the  tenth-normal  barium 
hydroxid  solution.  In  the  connection  to  the 
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atomizer  bulb  shown  was  placed  a  soda  lime 
tul>r,  and  attached  to  the  end  of  the  pipette  was 
a  U-tube  containing  caustic  soda.  The  solution 
in  the  U-tube  acted  as  a  trap  to  remove  the  car- 
bon dioxid  from  the  air  entering  the  pipette.  This 
not  only  preserved  the  strength  of  the  solution, 
but  prevented  a  precipitate  of  barium  carbonate 
from  depositing  on  the  sides  of  the  pipette  and 
:ring  the  surface  line  of  the  solution  from 
view.  Bottle  No.  2  contained  the  indicator  phe- 
nolphthalein. 

The  flasks  shown  in  the  upper  portion  of  the 
illustration  were  used  in  the  processes  of  collecting 
and  analyzing  the  samples  of  air.  The  two  at 
the  right  are  shown  as  connected  together  in  the 
manner  employed  during  the  collection  of  a 
sample.  On  the  flask  shown  at  the  left  is  illus- 
trated the  method  employed  to  close  the  flask 
during  agitation ,  that  is,  during  the  time  required 
for  completion  of  the  reaction  between  the  barium 
hydroxid  and  the  carbon  dioxid  in  the  air. 

The  procedure  of  analysis  after  the  flasks 
containing  the  samples  were  removed  from  the 
series  of  flasks  (fig.  68),  was  as  follows:  The 
barium  hydroxid  pipette  on  bottle  No.  4  was 
filled  to  a  point  just  above  the  mark  on  the  upper 
stein  and  the  level  adjusted  to  the  mark  by 
allowing  a  few  drops  to  flow  from  the  tip.  The 
adhering  drop  was  carefully  removed  from  the 
tip.  The  flask  was  then  held  near  the  pipette, 
the  stopper  from  the  top  of  the  connection  was 
removed  and  the  tip  of  the  pipette  was  inserted 
in  the  connection.  The  barium  hydroxid  was 
allowed  to  flow  into  the  flask,  care  being  taken  to 
stop  the  flow  when  the  level  of  the  liquid  had 
reached  the  mark  on  the  lower  stem  and  the  last 
drop  had  fallen  into  the  flask  without  touching 
the  tip  of  the  pipette  to  the  connection.  During 
a  period  of  90  minutes  following,  the  flask  was 
frequently  agitated  so  that  the  barium  hydroxid 
came  into  contact  with  all  of  the  air.  This  was 
accomplished  by  shaking  the  flask  with  a  rotary 
motion,  so  that  the  entire  inside  surface  of  the 
vessel  became  moistened  with  the  alkali.  Care 
was  taken  to  prevent  the  barium  hydroxid  from 
coming  in  contact  with  the  connection  or  with  the 
neck  of  the  flask.  At  the  end  of  the  period  of 
agitation,  the  acid  pipette,  bottle  No.  3,  was 
filled  to  the  mark,  the  same  precaution  being 
observed  as  in  the  case  of  the  filling  of  the  barium 


hyilroxid  piju-ttr.  The  acid  was  then  allow- 
flow  into  the  flask  until  the  proper  quantity  had 
been  admitted,  and  one  drop  of  tin-  indicator  was 
added.  The  excess  alkali  was  titrated  with  the 
standard  acid,  the  tit  ration  being  complete  at 
the  moment  the  solution  lost  its  pink  tint.  The 
amount  of  standard  acid  used  is  called  the  "titra- 
tion."  The  neck  and  connection  of  the  flask  were 
then  rinsed  with  distilled  water,  the  water  used 
for  this  purpose  being  tested  carefully  for  carbon 
dioxid  and  neutralized,  if  necessary,  with  barium 
hydroxid  before  using.  Usually,  distilled  water 
is  practically  free  from  dissolved  carbon  dioxid; 
consequently,  if  only  a  small  quantity  of  water 
is  used,  the  result  of  the  titration  is  not  mate- 
rially changed. 

Once  or  twice  a  day.  a  blank  test  was  performed 
as  follows:  Into  a  2 so-cubic  centimeter  Erlen- 
meyer  flask  was  introduced  a  quantity  of  acid 
corresponding  to  that  used  in  the  determination, 
and  a  quantity  of  barium  hydroxid  corresponding 
to  that  introduced  into  the  flask  was  placed  in 
the  acid.  The  excess  of  alkali,  after  the  addition 
of  a  drop  of  phenolphthalein,  was  titrated  with 
the  standard  acid,  thereby  giving  the  "blank," 
or  the  difference  between  the  barium  hydroxid 
solution  and  the  acid  solution,  in  terms  of  the 
standard  acid.  The  volume  of  this  was  at  least 
12  cubic  centimeters.  The  blank  was  varied 
slightly,  as  desired  in  different  determinations,  by 
varying  the  quantities  of  alkali  or  acid  solutions 
introduced.  The  process  of  making  the  blank 
determination  by  adding  the  alkali  to  the  acid  is 
preferable  to  the  reverse  procedure  because  the 
carbon  dioxid  in  the  air  of  the  flask  might  easily 
change  the  value  of  the  alkali  while  adding 
the  acid  to  it.  The  total  alkalinity  was  desired 
since  it  was  used  in  the  determination.  The 
difference  between  the  blank  and  the  titration 
indicated  the  amount  of  standard  acid  equivalent 
to  the  carbon  dioxid  contained  in  the  sample  of  air. 

In  the  reaction  which  takes  place  between 
barium  hydroxid  and  carbon  dioxid, 

Ba  (OH)a+COa-Ba  COj  +  HaO. 

the  barium  carbonate  is  precipitated  and  exerts 
no  further  influence  upon  the  reaction.  The 
formation  of  water  also  tends  to  carry  the  reac- 
tion to  completion.  It  is  known,  of  course,  that 
barium  carbonate  in  solution  is  not  attacked  by 
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weak  acids,  but  in  the  dry  state  it  may  be  dis- 
solved by  them.  The  inside  surfaces  of  the  flask 
became  coated  with  a  mixture  of  barium  car- 
bonate and  barium  sulphate,  but  this  did  not 
appear  to  affect  the  reaction  if  the  acid  was  not 
permitted  to  come  in  contact  with  the  coating 
before  reaching  the  solution.  In  fact,  this  con- 
dition appeared  to  be  essential  to  correct  re- 
sults. It  was  noted  that,  when  the  flask  was  first 
washed  with  water,  then  with  a  little  barium 
hydroxid  and  again  with  water,  and  allowed  to 
drain,  the  most  reliable  results  were  obtained.  In 
ordinary  use,  the  flasks  are  merely  rinsed  carefully 
with  water  and  allowed  to  drain. 

All  carbon  dioxid  determinations  were  made  in 
duplicate.  As  a  rule,  the  two  results  checked 
within  one-hundredth  of  one  per  cent,  or  one- 
tenth  part  of  carbon  dioxid  per  10,000  of  air. 
Occasionally,  when  a  greater  variation  was  ob- 
served, the  condition  was  no  doubt  attributable 
to  the  fact  that  the  carbon  dioxid  contained  in 
the  air  was  changing  at  the  time  and  the  air 
samples  employed  in  the  two  determinations  were 
accordingly  not  of  the  same  composition. 

In  the  determinations  for  ammonia,  four  chemi- 
cal solutions,  besides  distilled  water  and  litmus 
paper,  were  required.  The  solutions  were: 

1.  Strong  standard  ammonium  chlorid. 

2.  Dilute  standard  ammonium  chlorid. 

3.  Nessler  reagent  indicator. 

4.  Sodium  hydroxid. 

The  strong  solution  of  standard  ammonium 
chlorid  was  so  made  that  each  liter  contained 
one  gram  of  nitrogen  as  ammonia.  The  dilute 
standard  solution  was  prepared  from  this  by 
diluting  10  cubic  centimeters  to  one  liter.  The 
strong  ammonium  chlorid  was  prepared  and 
checked,  using  the  apparatus  shown  in  fig.  69.* 

The  procedure  for  making  the  determination 
was  as  follows:  An  amount  of  the  acid  varying 
from  25  to  50  cubic  centimeters,  depending  upon 
the  amount  of  ammonia  to  be  determined,  was 
poured  from  the  first  acid  flask  into  Nessler  tube 
No.  i.  Into  Nessler  tube  No.  2  was  poured  a 
volume  of  50  cubic  centimeters  of  acid  from  the 
second  acid  flask  and  into  each  of  the  Nessler 
tubes,  Nos.  3  and  4,  was  poured  a  volume  of  50 
cubic  centimeters  of  the  acid  remaining  after 
having^filled  the  flasks  before  starting  the  test. 

*  This  apparatus  is  fully  described  in  the  Archives  of  the  Committee,  Vol.  A  2. 


To  the  contents  of  Nessler  tube  No.  4  was  also 
added  a  volume  of  2 . 5  cubic  centimeters  of  the 
dilute  standard  ammonium  chlorid  solution.  In 
Nessler  tube  No.  5  was  placed  a  volume  of  zoo 
cubic  centimeters  of  water  for  use  in  diluting 
the  solutions,  and  in  Nessler  tube  No.  6  was  placed 
a  volume  of  5  cubic  centimeters  of  the  dilute 
ammonium  chlorid  standard  solution  diluted  with 
water  to  make  a  total  volume  of  100  cubic  centi- 
meters. All  of  the  acid  solutions  were  neutralized 
with  a  caustic  soda  solution,  litmus  paper  being 
used  as  the  indicator.  The  contents  of  each  of 
the  Nessler  tubes  were  then  diluted  to  a  volume 
of  100  cubic  centimeters  and  one  cubic  centimeter 
of  the  Nessler  reagent  was  added  to  each  tube. 
The  colors  developed  almost  instantly. 


FIG.  69.     TINTOMETER  AND  APPARATUS  USED  FOR 
DISTILLING  AMMONIA 


The  contents  of  Nessler  tube  No.  6  were  placed 
in  the  reservoir  of  the  tintometer,  shown  as  one 
of  the  units  of  apparatus  illustrated  as  fig.  69. 

The  contents  of  the  remaining  Nessler  tubes 
were  introduced  in  turn  into  the  comparing 
cylinder  shown  in  fig.  69  at  the  left  of  the  tintom- 
eter. By  blowing  air  into  the  reservoir  tube, 
the  level  of  the  solution  in  the  comparing  cylinder, 
which  was  connected  to  the  reservoir  tube,  was 
changed  until  the  depth  of  the  yellow  color  of  the 
solution  in  the  left  comparing  tube  was  properly 
matched.  The  heights  of  the  liquid  in  the  two 
tubes  varied  inversely  as  the  strength  of  the 
solutions.  The  height  was  measured  by  division 
marks  etched  on  the  tube,  the  distance  between 
consecutive  marks  being  equivalent  to  one- 
hundredth  part  of  the  total  depth. 
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The  object  of  using  two  tubes  containing  am- 
monium chloric!  standard  solution  was  to  insure 
correct  manipulation  of  the  apparatus  and  correct 
!opment  of  the  colors,  and  also  to  check  the 
sensitiveness  of  the  reading  of  the  colors.  The 
aim  nint  of  nitrogen,  as  ammonia,  found  in  the 
blank,  Nessler  tube  No.  3,  usually  4  to  8  divi- 
sions, was  subtracted  from  the  amount  found 
in  Nessler  tube  No.  2.  This  amount  of  nitrogen 
in  the  blank  was  not,  however,  subtracted  from 
that  found  in  tube  No.  i  unless  the  quantity  was 
found  to  be  below  25  divisions,  for  the  reason 
that,  when  the  color  was  about  25  divisions,  the 
denser  color  masked  the  slight  coloration  of  the 
blank.  Thus,  if  the  blank  should  show  a  read- 
ing of  8  divisions,  the  half-standard  tube  No.  4 
should  indicate  58  divisions,  but  in  all  probability 
it  would  read  50  or  52  divisions.  Even  in  ammonia- 
free  water,  to  which  the  reagent  was  added,  a  few 
humlredths  of  the  standard  solution  was  required 
to  match  the  depth  of  color  which  could  not  be 
attributed  to  the  presence  of  ammonia.  The 
absence  of  color  in  tube  No.  2  indicated  that  the 
absorption  was  practically  complete  in  the  first 
acid  flask  through  which  the  air  passed.  Tests 
made  of  the  alkali  in  the  first  flask,  preceding  the 
first  acid  flask,  revealed  no  trace  of  ammonia. 
A  turbidity  which  was  not  due  to  the  precipita- 
tion of  the  reagent  by  an  excess  of  ammonia  of- 
ten developed.  These  comparisons  were  therefore 
made  before  the  turbidity  developed.  This  re- 
quired, at  times,  the  preparation  of  new  solutions. 
The  temperature  of  the  solutions  at  the  time  the 
Nessler  reagent  was  added  was  found  to  be  un- 
important, because  the  colors  developed  quickly 
at  all  times  and  the  half-standard  checked  with 
the  standard  made  in  water  solutions.  The 
process  of  diluting  the  colors  after  the  addition 
of  the  reagent  was  not  found  an  accurate  method 
of  comparison  and  was  therefore  not  used  in 
the  investigation.  If  the  color  was  too  deep,  a 
new  solution  was  made  by  using  a  smaller  quantity 
of  acid. 

For  the  analysis  of  rain  or  snow  water,  the  pro- 
cedure was  practically  the  same,  except  that  the 
water  was  not  neutralized  before  the  addition  of 
the  Nessler  reagent.  The  quantity  of  water  tested 
depended  upon  the  amount  of  ammonia  present, 
and  therefore  more  than  one  sample  was  some- 
times required.  The  color  of  the  sample  was 


compared  with  the  standard  used  for  the  • 
solutions. 

In  the  process  of  determining  nitrous  acid, 
or  nitrogen  in  the  form  of  nitrites,  the  materials 
required  were  as  follows: 

i .  A  strong  standard  sodium  nitrite  solution. 

a.  A  dilute  standard  sodium  nitrite  solution. 

3.  Sulphanilic  acid. 

4.  Alpha-amidonaphthalcne  acetate. 

5.  Acetic  acid. 

6.  Hydrochloric  acid. 

7.  Water  free  from  nitrites. 

8.  Litmus  paper. 

It  is  unnecessary,  for  the  purposes  of  this  re- 
port, to  describe  the  preparation  of  these  solu- 
tions since  such  description  would  be  of  interest 
only  to  a  chemist  desiring  to  repeat  the  work. 
It  is  sufficient  to  state  that  the  dilute  standard 
sodium  nitrite  solution  contained  o.ooi  milli- 
grams of  nitrogen  as  nitrite.* 

While  the  general  procedure  employed  in  this 
determination  was  similar  to  that  employed  in 
the  determination  of  ammonia,  there  were  some 
points  of  difference.  The  solutions  placed  in  the 
Nessler  tubes  were  as  follows : 

In  tube  No.  i,  25  cubic  centimeters  of  solution 

from  alkaline  flask  No.  i,  first  in  the  scries. 
In  tube  No.  2,  50  cubic  centimeters  of  solution 

from  alkaline  flask  No.  2,  fourth  in  the  series. 
In  tube  No.  3,  50  cubic  centimeters  of  solution 

from  alkaline  flask  No.  3,  fifth  in  the  series. 
In  tube  No.  4/50  cubic  centimeters  of  solution 

from  alkaline  flask  No.  4,  sixth  in  the  series. 
In  tube  No.  5,  50  cubic  centimeters  of  the  alkali 

remaining  after  filling  the  flasks  for  the  test. 
In  tube  No.  6,  50  cubic  centimeters  of  the  alkali 

remaining  after  filling  the  flasks  plus  2.5  cubic 

centimeters  of  dilute  standard  sodium  nitrite 

solution. 
In  tube  No.  7,  5   cubic  centimeters  of  dilute 

standard  sodium  nitrite  solution  diluted  with 

water  to  50  cubic  centimeters. 

All  of  the  alkaline  solutions  were  neutralized 
with  acetic  acid,  litmus  paper  being  used  as 
the  indicator.  The  neutralization  was  usually 
completed  before  the  evolution  of  carbon  dioxid 
ceased.  All  of  the  alkaline  solutions,  after  being 
acidified,  were  diluted  with  water  to  about  90 
cubic  centimeters.  The  contents  of  tube  No.  7, 
the  standard  solution,  were  diluted  to  96  cubic 
centimeters. 
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After  adding  two  cubic  centimeters  of  each  of 
the  indicators  to  each  tube  and  thoroughly  mix- 
ing, the  tubes  were  allowed  to  stand  for  a  few 
minutes,  after  which  the  pink  color  usually  be- 
gan to  develop  if  nitrite  was  present.     About  20 
minutes   later,  5    cubic   centimeters   of   concen- 
trated  hydrochloric   acid    were   added    to   each 
solution   except  that   contained  in   tube   No.    7. 
After  the  colors  developed,  the  comparison  was 
made  by  means  of  the  tintometer  as  in  the  am- 
monia determination.     The  use  of  hot  water  for 
diluting  the  solutions  was  found  to  hasten  the 
action  and  to  produce  better  results  than  cold 
water.     Although  too  great  a  quantity  of  acid 
would  probably  cause  the  color  to  fade  after  a 
time,  it  was  often  found  necessary  when  making 
the  color  determination  to  increase  the  amount 
of  hydrochloric  acid  used,  in  order  to  change  the 
tint  from  a  brick  red  color  to  the  brilliant  pink 
of  the  standard.     The  fact  that  the  half -standard 
solution    contained    in    tube    No.    6    invariably 
checked,    showed   that   the   addition   of   hydro- 
chloric acid  did  not  result  in  the  production  of  a 
color  more  pronounced  than  the  nitrite  present 
should  show.     The  development  of  the  proper 
shade    was  •  accelerated    when    the    hydrochloric 
acid   was   added   after  the   color   showed   quite 
strongly.     It    was    found    impossible    to    match 
different  shades  of  color  correctly  for  intensity. 
Agitation  of  the  solutions  was  found  important. 
The  matching  of  colors  was  made  more  accurate 
when  the  color  was  not  too  deep  or  such  that 
the  standard  solution  rilled  the  tube  to  a  point 
between  25  and  60  divisions.    When  the  color  was 
deeper,  that  is,  above  60  divisions,  it  was  consid- 
ered preferable  to  dilute  the  solution  and  make 
a  comparison  of  the  lighter  shades.     The  reagent 
blank,  or  the  reading  obtained  from  tube  No.  5, 
was  subtracted  from  the  others  when  the  colors 
were  low;  otherwise,  the  faint   color   found  was 
obscured  by  the  strongest  color.     The  difference 
between   the   height  of   the   tint  in  tube  No.  6, 
measured  in  divisions  and  50,  was  found  to  be  a 
safe  guide  to  the  correction  made  for  nitrite  in 
the  reagents.    Often  considerable  nitrite  was  found 
in  the  reagents. 

For  the  determinations  of  nitrite  in  rain  and 
snow  the  procedure  was  the  same  as  that  de- 
scribed except  that  the  neutralization  was  omit- 
ted. The  sample  of  25  or  50  cubic  centimeters 


was  diluted  with  hot  water  and  the  reagents  then 
added.  The  addition  of  hydrochloric  acid  was 
not  usually  required. 

In  the  determinations  for  chlorin  the  follow- 
ing solutions  were  required:* 

1.  Silver  nitrate. 

2.  Potassium  chrornate. 

3.  Strong  standard  sodium  chlorid  solution. 

4.  Dilute  standard  sodium  chlorid  solution. 

5.  Sulphuric  acid. 

6.  Phenolphthalein. 

The  apparatus  needed  for  the  chlorin  deter- 
minations included  the  following: 

1 .  Two  4-inch  porcelain  evaporating  dishes. 

2.  Two  short  stirring  rods  of  glass  tubing. 

3.  A  50  c.c.  burette  for  measuring  silver  nitrate. 

4.  A  i  c.c.  pipette  for  measuring  the  indicator. 

5.  A  5  c.c.  volumetric  pipette  for  measuring 
the  standard  chlorid. 

6.  A  25  c.c.  volumetric  pipette  for  measuring 
the  solutions. 

7.  A  25  c.c.  volumetric  pipette  for  use  with 
sulphuric  acid. 

8.  Phenolphthalein  bottle  with  dropper. 

The  procedure  was  as  follows:  A  volume  of 
25  cubic  centimeters  of  the  alkali  remaining  after 
the  flasks  had  been  filled,  was  placed  in  an  evap- 
orating dish  and  25  cubic  centimeters  of  the 
solution  from  flask  No.  i  were  poured  into  a 
second  evaporating  dish;  5  cubic  centimeters 
of  the  dilute  sodium  chlorid  solution  were  then 
added  to  the  contents  of  each  dish.  After  adding 
a  drop  of  phenolphthalein,  the  solutions  wi 
neutralized  with  dilute  sulphuric  acid  from  a 
pipette.  One  cubic  centimeter  of  the  potassium 
chrornate  indicator  was  added  to  each  solution 
and  the  solutions  were  titrated  with  the  silver 
nitrate  until  a  red  color  appeared.  The  comple- 
tion of  the  titration  was  easily  recognizable  after 
several  experiments.  The  difference  between  the 
amount  of  silver  nitrate  required  for  the  25  cubic 
centimeters  of  solution  from  the  first  flask  and 
that  required  for  the  25  cubic  centimeters  of  the 
stock  solution  gave  the  silver  nitrate  equivalent 
to  the  chlorin  in  the  sample  from  the  first  flask. 
Care  was  taken  to  avoid  making  the  solutions 
acid,  since  even  slightly  acid  solutions  were  found 
to  change  the  color  of  the  indicator  to  a  red- 
dish yellow,  and  to  render  the  completion  of  the 
titration  difficult  to  detect.  This  procedure 

*  The   preparation   of  these   solutions   is  described  in  the  Archives  of  the 
Committee,  Vol.  A  2. 
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permitted  a  standardization  of  the  silver  nitrate 
in  every  determination  and  also  gave  an  accurate 
of  comparison  between  the  blank  or  stand- 
ard tit  rat  i<ni  and  the  titration  of  the  solution 
from  the  first  flask. 

The    process    of    determining    the    chlorin    in 

rain  and  snow  differed  slightly  in  detail  only. 

Distilled  water,  instead  of  alkali,  was  used  for 

tandardization  of  the  silver  nitrate  and  for 

color  comparison. 

The  well  known  gravimetric  method  of  deter- 
mining sulphur  was  used,  the  analyses  being  made 
in  the  laboratory  instead  of  in  the  automobile.* 

While  it  has  sometimes  been  stated  that  an 
alkaline  solution  does  not  completely  absorb  the 
sulphur  compounds  of  the  air,  the  results  of  this 
Investigation  show  that  the  absorption  is  prac- 
tically complete.  A  number  of  determinations 
for  sulphur  both  in  the  first  acid  solution  and  in 
the  second  alkaline  solution  were  made.  In  the 
acid,  as  would  be  expected,  no  traces  of  sulphur 
were  found.  In  the  second  alkaline  solution, 
sulphur  was  usually  found  in  amounts  of  from 
one  to  two  milligrams,  regardless  of  the  amount 
in  the  first  alkaline  flask.  For  instance,  when  the 
sample  from  the  first  flask  showed  30.5  milli- 
grams of  barium  sulphate,  that  in  the  second 
flask  showed  only  2.8  milligrams.  Various  tests 
of  the  alkali  itself  always  yielded  a  blank  of  at 
least  one  milligram. 

Allowance  for  this  blank  was  not  made,  nor 
was  the  small  amount  of  sulphur  found  in  the 
second  alkaline  solution  considered,  so  that 
those  two  small  errors  balanced  and  all  results 
are  comparable. 

Determinations  for  solids  in  the  atmosphere 
were  made  by  a  process  of  filtering  in  which 
filters  cut  down  from  extraction  thimbles  to 
-ure  100  millimeters  in  length  and  80  milli- 
meters in  diameter  were  used.  Each  filter  was 
first  filled  with  cotton  and  then  placed  in  an 
oven  regulated  automatically  to  maintain  a  tem- 
ture  of  107  degrees  centigrade.  The  filter 
remained  in  the  oven  for  about  one  week,  after 
which,  on  successive  days,  it  was  weighed  until 
there  was  found  to  be  a  difference  of  not  more 
than  one  milligram  in  its  weight  at  two  suc- 
cessive weighings.  In  this  process  of  weighing 

*  Details  r«UtinK  to  this  method  are  given  in  the  Archive*  of  the  Commit- 
tee. Vol.  A  i. 


considerable  care  was  exercised.  The  filter,  after 
IxHng  removed  from  the  oven,  was  placed  in  a 
glass  stoppered  weighing  bottle  which  was  depos- 
it ed  in  a  desiccator  for  a  period  of  30  seconds. 
Bottle  and  filter  were  then  weighed  as  quick- 
ly as  possible,  the  bottle  having  a  counterpoise. 
The  filter  was  returned  to  the  desiccator  and  the 
bottle  was  replaced  on  the  weighing  pan.  The 
difference  between  the  weight  of  the  coun- 
terpoise and  that  of  the  bottle  was  recorded  as 
being  due  to  the  collection  of  moisture  on  the 
bottle.  The  two  weighings  gave  the  actual 
weight  of  the  filter,  which  usually  approximated 
two  grams.  This  process  was  repeated  after  the 
filter  had  been  used  in  a  test.  Following  the 
final  weighing  the  filters  were  preserved  for 
microscopical  examination,  in  which  the  contents 
were  identified  in  as  much  detail  as  possible. 

Atmospheric  conditions  which  prevailed  when 
the  samples  were  being  collected,  such  as  the 
direction  and  velocity  of  the  wind,  temperature, 
humidity  and  barometric  pressure,  were  taken 
into  consideration  in  order  to  make  accurate 
comparisons  and  calculations. 

During  a  test  the  pressure  measured  at  the 
meter  was  always  less  than  atmospheric  pressure, 
a  circumstance  due  to  the  effect  of  the  mechanical 
exhaustion  of  air  from  the  apparatus  by  the  pump. 
This  difference  was  measured  at  one-hour  intervals 
by  means  of  a  manometer  connected  to  the  meter 
inlet,  the  difference  in  the  height  of  the  two  col- 
umns ef  mercury  in  the  manometer  constituting 
a  measure  of  the  vacuum  produced  by  the  pump 
or,  inversely,  of  the  pressure  required  to  force  air 
through  the  apparatus.  The  temperature  of  the 
air  in  the  meter  inlet  was  recorded  hourly  as 
indicated  by  a  centigrade  thermometer. 

Relative  humidity  and  aqueous  pressure  dur- 
ing the  period  of  collection  of  each  sample  were 
determined  from  the  readings  of  the  dry  and  wet 
bulb  Fahrenheit  thermometers,  the  aqueous  pres- 
sure being  necessary  in  the  calculation  of  the 
carbon  dioxid  ratio.  The  two  thermometers, 
when  used  together  in  the  form  of  a  sling  psychro- 
meter,  were  whirled  in  the  air  until  the  wet  bulb 
thermometer  recorded  a  minimum  or  constant 
value.  From  the  data  obtained  in  this  manner, 
the  values  for  relative  humidity  and  aqueous 
pressure  were  obtained  from  standard  tables. 
These  readings  were  taken  at  one-hour  intervals. 
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Since  the  wind  may  be  deflected  by  buildings 
and  other  structures,  its  direction  as  observed 
at  the  point  of  collection  may  not  have  been,  in 
all  cases,  the  prevailing  direction  over  the  sur- 
rounding territory.  The  direction,  as  recorded 
for  a  test,  was  usually  determined  by  observing 
the  direction  indicated  by  smoke  emissions  or 
flags  apparent  from  the  point  of  collection.  At 
times,  this  method  proved  unsatisfactory,  espe- 
cially in  the  case  of  very  low  wind  velocities.  In 
order  that  the  record  of  wind  direction  might 
be  uniform,  the  prevailing  direction,  as  observed 
by  the  Chicago  weather  bureau,  was  used  in 
all  tabulated  data.  The  wind  velocity  at  the 
street  level  was  observed  at  intervals  of  one  hour, 
by  means  of  an  anenometer,  except  during  peri- 
ods of  precipitation  and  periods  when  the  wind 


been  hereinbefore  described.  While  results  ob- 
tained from  these  tests  are  not  regarded  as  sig- 
nificant or  as  comparable  in  any  way  with  the 
results  of  the  air  analyses,  they  provide  a  basis 
upon  which  comparison  may  be  made  with  results 
of  investigations  elsewhere.  The  results  of  the 
rain  analyses  are  presented  as  table  CXI  I. 

A  study  of  these  results  shows  that  high  values 
for  one  or  more  substances  were  obtained  from 
the  samples  of  rain  collected  in  the  vicinity  of 
different  industrial  activities,  but  there  app< 
to  be  no  regular  rate  of  decrease,  such  as  might 
be  expected,  in  the  amount  of  impurities  detected 
as  the  distance  of  the  point  of  test  from  the  cen- 
ters of  these  activities  increased.  In  test  No.  132, 
conducted  in  a  railroad  yard,  the  amounts  of  all 
impurities  detected  were  considerably  larger  than 


TABLE  CXII.     RESULTS  OP  RAIN  ANALYSES  — MILLIGRAMS  PER  LITER  OR  PARTS  PER  MILLION 


Test 

No. 

Location 

Date 

Wind 

Dir. 

Temp. 
D«.   F 

Nitrous 
Ac-id 

A  ram  on  i& 

Chlorin 

Sulphuric 
Acid 

1 

2 

3 

4 

5 

6 

7 

8 

10 

Ohio  and  Peoria  Sts. 

6-13-12 

NE 

63 

2.187 

11 

Ohio  and  Peoria  Sts. 

6-14-12 

E 

,,-, 

0.0838 

n  jxu 

95.0 

20 

90th  St.  and  Muskegon  Ave. 

7-9-12 

sw-s 

84 

0.0838 

0.000 

17.60 

36.5 

23 

Washington  Blvd.  and  Desplaincs  St. 

7-13-12 

sw 

75 

0.2513 

1  :,s.i 

0.00 

180.0 

27 

Vedder  and  Penn  Sts. 

7-20-12 

8E 

64 

0.1175 

n'.ili! 

18.00 

67.2 

42A 

Washington  Blvd.  and  Talman  Ave. 

8-19-12 

8W 

70 

0.2345 

0.343 

1.92 

67.7 

42B 

29th  St.  west  of  Halsted  St. 

8-20-12 

SW-W 

72 

0.207fl 

ii  7:<" 

000 

64 

Chicago  Ave.  and  Halsted  St. 

10-31-12 

NE 

44 

0.3216 

0.681 

18.18 

845.0 

67 

School  St.  and  Elston  Ave. 

11-6-12 

N 

47 

0.0804 

,,  IM 

0.00 

52.1 

85 

47th  St.  near  Center. 

1-20-13 

NW 

24 

0.2010 

I.'.M,-, 

3.00 

21.0 

99 

Dearborn  St.  north  of  Adam*  St. 

2-21-13 

M.-r. 

34 

0.7370 

0.218 

89.70 

428.1 

116 

Michigan  Ave  and  Congress  St. 

4-9-13 

E 

40 

0.0402 

SAM 

7.77 

108.2 

122 

Canal  St.  south  of  Randolph  St. 

4-25-13 

NW-N 

46 

0.2345 

o.aos 

0.00 

49.4 

126 

Emerald  Ave.  and  39th  St. 

5-5-13 

8 

70 

0.1005 

[.936 

0.00 

205.8 

132 

Federal  and  Taylor  Sts. 

5-13-13 

MM 

55 

0.2680 

1.086 

15.70 

1<IS.4 

136 

5th  Ave.  and  47th  St.,  La  Grange. 

5-20-13 

w-sw 

62 

0.0670 

(i  MM 

0.00 

22.5 

156 

Clark  St.  south  of  Adams  St. 

8-21-13 

N 

62 

0.1005 

0.774 

5.82 

28.8 

1224  South  Michigan  Ave. 

5-36-13 

0.1440 

0.532 

5.88 

4.5 

Averag 

68  

0.1868 

0.906 

S.I.-, 

144.2 

velocity  was  so  low  that  the  anemometer  revealed 
practically  no  movement  during  one  minute. 

The  calculations  for  the  reduction  of  the  volume 
of  air -measured  by  the  meter,  to  standard  con- 
ditions are  familiar  to  all  those  concerned  with 
such  reductions.* 

113.13  Polluting  Constituents  of  the  Atmos- 
phere as  Disclosed  by  Rain  and  Snow  Analyses : 
During  the  period  covered  by  this  report,  18 
samples  of  rain  were  collected  on  different  dates 
and  at  various  points,  and  21  samples  of  snow 
were  taken  simultaneously  at  various  locations. 
The  samples  of  rain  were  collected  by  means  of  a 
galvanized  iron  pan  placed  on  top  of  the  auto- 
mobile laboratory  and  connected  by  a  drain  with 
a  bottle  on  the  inside  of  the  laboratory.  The 
analyses  were  made  by  processes  which  have 

*A11  methods  of  calculation  employed  in  this  investigation  for  computing 
the  amounts  of  the  various  substances  in  the  air  sampled,  are  fully  described 
in  the  Archives  of  the  Committee,  Vol.  A  2. 


the  averages.  In  test  No.  126,  conducted  at  a 
point  north  of  the  stock  yards,  the  values  for 
ammonia  and  sulphuric  acid  were  high.  In  test 
No.  23,  conducted  at  a  point  in  a  manufacturing 
and  warehouse  district,  the  values  for  all  sub- 
stances, except  chlorin,  were  above  the  averages. 
Test  No.Ji36,  conducted  at  a  point  beyond  the 
city  limits,  presented  exceptionally  low  values 
for  all  substances.  In  test  No.  64,  which  was 
conducted  on  a  foggy  day  in  the  neighborhood 
of  a  railroad  roundhouse,  the  effects  of  the  intense 
degree  of  local  pollution  and  of  the  atmospheric 
conditions  were  emphasized  by  the  high  values 
obtained  for  all  substances  except  ammonia. 

The  influence  of  temperature  upon  the  degree 
of  pollution  was  not  made  apparent  by  these 
results,  since  only  4  of  the  samples  were  col- 
lected during  the  winter  months  and  only  6  at  a 
temperature  of  less  than  50  degrees.  The  results 
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tew  tests  seemed  to  indicate  that  the  content 

of  sulphuric  acid  increases  with  temperature,  but, 

on  the  whole,  a  high  sulphuric  acid  content  of 

;i   very   limited  number  of  samples  cannot  be 

'imed  to  point  to  a  uniform  rule. 

The  effect  of  wind  direction  was  particularly 
noticeable  in  one  case  in  which,  under  an  east 
wind,  a  test  conducted  at  a  point  near  the  lake 
front  yielded  a  very  low  nitrite  value.  In  fact, 
throe  tests  conducted  near  the  lake  front,  with  an 
east  wind,  yielded  lower  nitrite  values  than  were 
obtained  in  other  tests.  Samples  collected  at 
points  near  the  city  limits  at  periods  when  the 
wind  was  blowing  toward  the  city  yielded  lower 
nitrite  values  than  samples  collected  at  similar 
points  under  a  wind  blowing  from  the  city. 

A  definite  relation  between  the  different  sub- 
stances does  not  seem  to  be  apparent  from  the 
results  of  the  rain  analyses.  In  general,  the 
results  of  rain  analyses  serve  to  show  that  rain 
constitutes  an  efficient  purifier  of  the  atmosphere, 
since  it  collects  and  deposits  upon  the  ground  an 
appreciable  amount  of  the  polluting  substances  of 
the  atmosphere. 

The  samples  of  snow  analyzed  were  collected 
on  March  i,  1913.  A  snow-storm  of  several  days' 
duration  began  on  February  25.  By  February 
27,  4.5  inches  of  snow  had  fallen.  On  the  27th, 
the  temperature  rose  sufficiently  to  cause  the 
snow  to  thaw  slightly,  but  on  the  28th,  the  tem- 
perature fell  and  the  snow  on  the  ground  was 
increased  by  additional  precipitation.  On  March 
i ,  when  there  was  a  fresh  deposit  of  snow  on  the 
crust  of  the  old  snow,  21  samples  of  the  fresh  snow 
were  collected  at  various  points  throughout  the 
city.  These  samples  were  packed  carefully  in 
bottles,  precaution  being  exercised  to  prevent  the 
introduction  of  any  foreign  substances,  and  were 
taken  to  the  laboratory  for  analysis.  As  a  rule, 
only  fresh  snow  on  top  of  the  crust  was  taken, 
but  the  varying  depth  of  this  layer  of  fresh  snow 
required  that  a  greater  area  be  removed  in  some 
cases  than  in  others.  At  certain  points,  even  the 
fresh  snow  was  found  to  have  a  crust.  In  one 
case  a  sample  of  old  snow  was  collected  after  re- 
moving some  of  the  crust,  the  wind  having  blown 
off  all  the  fresh  snow.  One  sample,  consisting 
also  of  old  snow,  was  collected  on  the  morning  of 
March  3  from  the  roof  of  the  Harris  Trust  Build- 
ing. After  the  samples  had  been  allowed  to  melt 


in  the  laboratory,  it  was  noted  that  certain  par- 
ticles had  settled  to  the  bottom  and  that  a  scum 
had  formed  on  the  top  of  the  water  resulting  from 
the  melted  snow.  The  water  was  dark  in  color, 
except  in  the  case  of  samples  from  the  parks, 
which  were  almost  clear.  A  portion  of  the  liquid 
was  carefully  siphoned  off  and  the  remainder 
was  filtered  to  remove  the  solid  materials.  The 
filtrate  was  used  in  the  determination  of  sul- 
phuric acid  and  the  portion  siphoned  off  was 
analyzed  for  the  other  substances.  .The  solids 
were  weighed  and  then  subjected  to  physical 
classification  and  chemical  analysis. 

The  methods  employed  in  the  analysis  of  snow 
samples  for  the  determination  of  sulphuric  acid, 
nitrous  acid,  ammonia  and  chlorin,  were  the  same 
as  those  used  for  similar  determinations  in  the 
analysis  of  rain  water  samples.  Filtration  was 
regarded  as  necessary,  in  connection  with  the 
sulphuric  acid  determinations,  in  order  to  remove 
any  solid  matter,  especially  sand,  from  the  sample, 
this  precaution  being  taken  to  avoid  the  possi- 
bility of  weighing  such  substances  finally  as 
barium  sulphate.  On  the  other  hand,  the  por- 
tion of  the  sample  siphoned  off  was  used  in  the 
determinations  for  other  substances,  in  order  to 
avoid  the  possible  influence  upon  results  of  the 
presence  of  any  soluble  salts  in  the  filter  paper. 

The  solid  matter  removed  by  the  process  of 
filtering  was,  after  being  dried,  subjected  to  a 
screening  test  by  which  those  particles  remain- 
ing upon  a  2o-mesh  screen  (400  apertures  per 
square  inch)  were  classed  as  coarse  cinders,  those 
passing  through  the  2o-mesh  screen  but  remain- 
ing upon  a  zoo-mesh  screen  (40,000  apertures 
per  square  inch)  were  classed  as  fine  cinders,  and 
those  passing  through  the  2oo-mesh  screen  were 
classed  as  dust.  After  separation  in  this  manner, 
each  class  of  material  was  weighed  and  the 
portions  were  again  mixed  in  preparation  for 
chemical  analysis. 

For  the  determination  of  tar,  a  half -gram  sample 
of  the  solid  materials  was  placed  in  the  extraction 
shell  of  the  Soxhlet  apparatus  and  was  extracted 
for  two  days,  a  reflux-condenser  being  used.  The 
ether  was  then  evaporated  and  the  residuum  of 
tar  weighed. 

For  the  determination  of  sulphur,  a  portion  of 
the  sample  of  solid  materials  was  mixed  with  two 
and  one-half  times  its  weight  of  Eschka  mixture 
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(two  parts  sodium  carbonate  plus  one  part  mag- 
nesium oxid).  This  mixture  was  fused  in  a  plat- 
inum crucible,  and  the  mass  was  then  extracted 
with  water  and  filtered.  The  nitrate  was  treated 
with  bromine  water  and  acidified,  after  which 
the  barium  sulphate  was  precipitated  with  bari- 
um chlorid,  as  previously  described  in  connection 
with  the  method  for  determining  sulphuric  acid 
in  solution  (section  105.30). 

For  the  determination  of  the  ash  content  of 
the  solids,  a  part  of  the  sample  was  placed  in  a 
porcelain  crucible  and  heated  in  a  muffle  to  a 


temperature  of  800  to  900  degrees  centigrade, 
at  which  temperature  the  carbonaceous  material 
was  burned  off,  leaving  the  ash. 

The  results  of  the  analyses  of  snow  samples 
have  been  tabulated  and  are  given  as  tables  CXIII 
and  CXIV.  The  values  expressed  in  the  column 
headed ' '  Volume  of  Water,  Liters  "  indicate  the  vol- 
ume of  water  formed  by  the  melted  snow  sample. 
The  values  appearing  under  "Composition  of  Solid 
Matter"  are  expressed  in  percentage  by  weight 
of  the  total  solids.  The  letters  "ND"  indicate  a 
sample  insufficient  to  warrant  the  determination. 


TABLE  CXIII.      LOCATIONS  OF  POINTS  OF  COLLECTION  AND  RESULTS  OF  MICROSCOPICAL   EXAMINATIONS  OP  SNOW    SAMPLES 

COLLECTED  WITHIN  THE  AREA  OF  INVESTIGATION 


Teat 

Snow  Removed 

Micrincnpirnl  Kxaminalion 

" 

Very   few  cinders;  practically  all  clenn  sand;  few  fibers;  aw  bit  of 
wood 

No. 

Date 

Time 
of 
Collec- 
tion 

Location 

Area 

Vol   of 

l.it.Ts 

Zone 

In 

Bq. 

M.'t.Ts 

1 

2 

3 

4 

•   8 

0 

7 

8 

1 

1 

3-1-13 

A.M. 

8:00 

(A) 

Jackson  Park,  on  lake  front: 
near  road  opposite  pier 
in  yacht  harbor. 

15x50 

0.4839 

1  215 

2 

•• 

8:25 

Mth  and  Kimbark: 
in  yard  in  rear  of  church. 

15x45 

0.4355 

i  :tii 

Fine  cinders  and  rath;  coal;  chalcoal;  animal  hair;  a  few  spheres: 
mineral  and  mhi-r  debris. 

3 

•• 

8:45 

•• 

Washington  Park; 
north  end:  open  space. 

IteM 

0.4355 

1   220 

Minute    fused    sphere*   of   uh:    mineral    debris;  little  un<l.  •  m- 
ders;  a- 

1 
:.-6 

4 

9:00 

•• 

Princeton  and  47th: 
rear  of  school  yard. 

15x53 

0  5128 

1.370 

Cinders:  ub:  »  few  sphere*;  sand:   woody  and  other  fibrn:  ani- 
mal hair 

5-6 

•• 

9:20 

47th  and  Aberdeen; 
south  of  Hammond  Packing 
Plant  and  Belt  Ry.  tracks. 

15x67 

0.6484 

1.365 

Cinders  and  ashen. 

7 

» 

9:45 

» 

45th  and  Marshfield; 
Davis  Square  Playground 

15x60 

0.5807 

1.350 

Cinders;  uh;  «  few  uh  spheres:  fibels 

7 

8 

" 

10:15 

•• 

29th  and  Poplar: 
Mark  White  Playground. 

15x60 

0  5807 

1.350 

Cindeii:  ashes;  some  fined  spherical  ash  bodies 

S 

9 

" 

10:45 

Loomis  off  22d  ; 
Lumber  yards. 

15x70 

0  6775 

1.185 

Cinders,  large  bits  of  charro-il.  (-o:i|;  little  nwn;  \.T\  fr\\ 
animal  hair;  fibers  nnd  debris,  bit  of  metal. 

9 

in 

•• 

11:15 

•• 

Grant  Park: 
100ft.  east  of  I.C.  R.R.; 
opposite  Jackson  Blvd. 

15x45 

0.4356 

1  370 

Mmtly  cinders  and  ash;  very  little  charcoal,  wood  or  sand. 

11 

•• 

11:45 

Michigan  and  Randolph; 
vacant  lot  east  of 
Michigan. 

30x45 

0.8710 

1.275 

Cinders;    uh;  charcoal;  few  ash    spheres;   few  vegetable  fibers; 
wood. 

12 

" 

P.M. 

12:30 

•• 

Adams  and  Canal: 
roof  of  tiain  shed  of  Union 
Depol 

15x60 

0.5807 

1  340 
1.340 

Cinders;  ashes;    numerous  fused  spheres  of  uh;    mineral  <|.lin-. 
fibers. 

12 

13 

" 

1:45 

Halsted,  south  of  Chicago, 
on  curb  space. 

27x50 

0.8710 

Cinders;  ashes;  many  fused  spheres  of  ash;  mineral  debris;  sand; 
hits  of  vegetable  fiber,  ri. 

Cinders'  ash;  few  spheres;  sand;  much  fibrous  material:  mostly 
vegetable;  wood,  etc;  much  fine  mineral  and  other  matter,  appar- 
ently few  metallic  particles. 

Practically  all  cinders  and  ashes;  some  fibers. 

14 

•• 

2:00 

•• 

Veddei  and  Penn; 
Staton  Playground. 

30x56 

1.0840 

1.488 

11 

15 

2:30 

•• 

Clybourn  Place  and  South- 
port,  vacant  lot. 

15x60 

0.5807 

1.555 
1  630 

16 

» 

3:00 

Diversey  and  Paulina; 
vacant  lot. 

15x43 

0  4162 

Cinders;   ash.;    many   spherifal   fused   ash  particles;    litii 
other  mineral  debris;  little  animal  or  vegetable  matter;  coal;  char- 
coil  or  charred  wood. 

16 

17 

" 

3:20 

,, 

Logan  Square 

Humboldt  Park; 
Music  Court. 

45x40 

1.1610 

1.633 

Cinders;  ash;  numerous  fibers;  vegetable  and  animal:  hair,  mm  h 
vegetable  and  mineral  debris;  few  small  spheres 

17 

18 

3:40 

15x77 

0.7451 

1.435 

Cindeis;  ashes;  fibrous  matter;  vegetable  and  animal  debris;  shrll 
of  bug. 

19 

4:00 

•• 

Fulton  and  California; 
vacant  lot. 

15x32 

0.3096 

1.664 

Cinders;  considerable  sand:   ash:  spheres  of  ash;   wood;  animal 
hair:  fibers:  debris. 

20 

•• 

4:20 

•• 

Carroll  and  I'nion  Park 
Court  ;  vard. 

Washington  and  Canal; 
east  of  X.  W.  Station. 

15x80 

0.7742 

1.408 
1.565 

Cinders;  ash;    some    sand;    mineral    deons;    woody   fil.. 
spheres  of  f»sh:  veectibie  fiber. 

21 

" 

5:00 

» 

15x84 

0.8130 

Cinders;  ash:  few  spheres:  sand:  woody  matter;  few  fibers;  coal. 

21 

22 

•• 

A.M. 

9:45 

Monroe,  bet.  Clark  and  l.ii 
Salle;  top  of  Harris  Trust 
Building. 

15x32 

0  3036 

1  .  7Sfi 

Cinders:  uh:  few  large  ash  sphere*. 
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In  order  to  present  an  idea  of  the  character 
and  relative  amounts  of  the  solid  materials  col- 
lected from  each  sample  of  snow,  photographs 
were  made  of  the  filters  and  their  contents. 
These  are  presented  as  figs.  70  and  71.  The 
halftones  are  four  centimeters  in  diameter,  or 
four-ninths  of  the  actual  size  of  the  niters. 

Solid  materials  which  remained  upon  the  fil- 
ter paper  were  divided  into  two  classes,  heavy 


compared  with  the  others  of  the  series.  The 
illustration  of  filter  No.  2  shows  the  residue  from 
a  sample  collected  in  a  residential  district,  at  a 
point  about  one  mile  distant  from  the  location  at 
which  "Park"  sample  No.  i  was  collected.  The 
samples  of  snow  collected  from  the  parks  of  the 
city  show  only  slight  evidence  of  the  presence 
of  soot,  while  those  collected  in  residential, 
business  and  industrial  districts  indicate  the 


10 

FIG.  70.    RESIDUE  FROM  FILTRATION  OF  SNOW  SAMPLES 
Filters   Nos.  1  to  11 


1  I 


material  which  did  not  float  on  water  and  light  presence  of  considerable  quantities  of  the  prod- 
material  which  formed  a  film  on  the  surface  of  ucts  of  combustion. 

the  water.     It  was  noted  that,  upon  drying,  this  As  has  been  previously  stated,  the  surface  of 

light  material  tended  to  stick  together  or  to  cake,  the  ground  was  entirely  covered  with  snow  at 

Examples  of  the  light  materials  are  shown  by  the  the  time  these  samples  were  collected,  and  only  a 


illustrations  of  filters  Nos.  2,  5,  7,  9,  13  and  16. 
The    difference    between    the    amount    of    solid 


few  hours  had  elapsed  between  the  time  of  the 
snowfall  and  the  collection  of  the  samples.     For 


materials  found  in  the  samples  collected  in  parks  this  reason  it  seems  evident  that  solid  materials 

and   that    obtained   from    samples    collected    in  and  other  polluting  substances  detected  in  the 

populous   districts  becomes  apparent  when   the  snow  samples  must  have  been  suspended  in  the 

illustrations   of  filters   Nos.    i,    17    and    18   are  atmosphere  at  time  of  precipitation,   the  snow 
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lifting  as  a  purifier  of  the  atmosphere.     The  only 
othrr  apparent  explanation  of  the  presence  of 
these  substances    is  that  they  had  been  depos- 
upon   the  surface  of  the  snow  during    the 
iod   between   the   snowfall   and   the   tinv 

:tion.  In  either  case,  comparisons  of  the 
iples  yield  excellent  data  regarding  the  rela- 
tive decrees  of  pollution  of  the  atmosphere  at  the 
various  points  of  collection.  The  facts  disclosed 


of  solid  substances  identified  in  the  samples  in- 
dicated a  wide  range  and  an  extensive  distrilm 
t  i<  >n  of  the  sources  of  pollution. 

Reproductions  of  photomicrographs  of  the  solid 
particles  f<>un<l  in  the  snow  samples  are  presented 
as  figs.  73  and  73.  Fig.  72  shows  a  collection 
of  spheres  of  fused  ash.  Fig.  73  shows  various 
solid  substances  as  found  on  the  filters. 

The  values  obtained  from  the  analyses  of  snow 


19 


20  21 

FIG.  71.    RESIDUE  FROM  FILTRATION  OF  SNOW  SAMPLES 
Filters  Nos.  12  to  22 


22 


by  such  comparisons  will  be  discussed  later  in 
connection  with  the  various  substances. 

A  microscopical  examination  of  the  solid  ma- 
terials collected  revealed  the  fact  that  practi- 
cally all  of  the  samples  of  snow  contained  soot, 
ash,  cinders  and  mineral  debris,  in  addition  to  a 
variety  of  other  substances.  In  some  of  the 
samples  were  found  fused  particles  of  ash,  which 
probably  had  passed  from  the  stack  and  had 
fallen  to  the  ground  without  coming  in  contact 
with  other  bodies  until  cold.  The  great  variety 


samples  were  based  upon  the  unit  of  one  liter  of 
melted  snow.  An  attempt  was  made  to  obtain  val- 
ues upon  the  basis  of  the  surface  area  removed 
in  obtaining  the  sample,  but  these  results  pre- 
sented such  wide  variation  that  they  were 
discarded.  The  values  per  liter  of  melted  snow 
present  greater  uniformity  than  the  similar  values 
obtained  from  the  analyses  of  rain  water  samples. 
A  study  of  the  numerical  results  obtained  from 
the  analyses  of  snow  samples  indicates  that  the 
greatest  amounts  of  solid  polluting  substances 
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detected  occurred  in  the  case  of  those  samples 
collected  in  or  near  the  centers  of  greatest  com- 
mercial or  industr'al  activity.  The  values,  in 
practically  all  cases,  diminished  directly  as  the 
distance  of  the  point  of  collection  from  the  loop 
district  increased.  Exceptions  to  this  rule  occur- 
red in  the  case  of  sample  No.  5-6,  which  was  col- 
lected in  the  neighborhood  of  packing  plants,  and 
in  the  .case  of  sample  No.  15,  which  was  collected 
at  a  point  in  the  neighborhood  of  factories.  The 
quantity  of  impurities  found  in  snow  sample  No. 
12,  which  was  collected  from  the  roof  of  a  train 
shed,  was  not  so  great  as  the  amount  found  in 
samples  taken  from  the  ground  at  a  short  distance 


FIG.  72.    PHOTOMICROGRAPH.    Fused  Particles  of  Ash 
Found  in  Snow  Samples.    Magnification,  30  Diameters. 

from  railroad  terminals.  It  was  difficult  to  de- 
termine, however,  whether  the  factor  of  distance 
from  the  loop  district,  or'that  of  local  conditions, 
was  most  effective  in  influencing  the  amount  of 
pollution  found  in  the  sample,  nor  is  it  possible 
to  state  whether  the  relatively  large  amounts  of 
polluting  substances  found  in  the  samples  col- 
lected in  or  near  the  loop  district  were  due  to  the 
presence  of  railroad  terminals  or  to  other  activities. 

The  results  of  the  analyses  arranged  in  relation 
to  the  distance  of  point  of  collection  from  the  loop 
district  are  presented  diagrammatically  as  fig.  74. 

The  study  of  the  numerical  results  of  the  ex- 
aminations of  the  snow  samples  also  revealed  an 


apparent  relationship  between  the  various  con- 
stituents. All  substances,  for  instance,  seemed 
to  increase  in  direct  ratio  with  the  increase  of  the 
ammonia  content.  A  rearrangement  of  the  results 
according  to  the  ascending  values  for  ammonia 
is  presented  as  fig.  75. 

The  higher  values  for  sulphuric  acid  appeared, 
as  a  rule,  in  the  analyses  of  samples  collect- 
ed near  railroad  yards  or  terminals.  The  only 
exceptions  to  this  occurred  in  the  case  of  two 
samples  collected  near  playgrounds  located  in 
thickly  settled  communities. 

The  results  obtained  from  the  physical  cla 
cation  of  the  solid  materials  indicated  that  the 
larger  amounts  of  coarse  cinders  occurred  in  the 
case    of    samples    collected    near    the    railroads. 
Only  one  exception  to  this  rule  was  not 

Determinations  for  tar  in  the  solid  materials 
collected  were  made  only  in  the  case  of  samples 
which  were  of  sufficient  magnitude  to  exceed 
one  gram  in  weight.  Samples  of  such  size  wrre 
obtained  only  in  instances  where  the  point  of 
collection  was  located  near  a  railroad  line  or 
terminal.  The  fact  that  no  tar  determinations 
were  made  in  samples  from  residential,  park  or 
other  districts  does  not  indicate  that  the  deposits 
in  such  districts  were  free  from  tar.  In  reality, 
the  determinations  emphasize  the  fact  that  solid 
materials-  containing  soot  and  cinders  contain  also, 
in  practically  all  cases,  a  considerable  percentage 
of  tarry  matter.  When  mixed  with  water,  these 
tarry  samples  possess  a  tendency  to  "crawl"  or 
to  spread  readily  over  a  smooth  surface.  The 
resulting  stains  are  not  easy  to  remove. 

The  percentages  of  sulphur  found  in  the  solid 
materials  taken  from  the  samples  of  snow  were 
generally  lower  than  those  found  in  samples  of 
coal.  The  presence  of  sulphur  in  these  solid 
materials,  however,  emphasizes  the  fact  that  the 
deposits  from  the  atmosphere  may  exert  a  cor- 
rosive influence  upon  materials  with  which  they 
come  in  contact,  since  the  sulphur  may  be  present 
as  sulphuric  acid,  or  in  some  form  readily  con- 
vertible to  sulphuric  acid  under  normal  atmos- 
pheric conditions.  A  change  from  sulphur  to 
sulphuric  acid  effects  an  increase  in  the  weight  of 
the  constituent  in  the  proportion  of  32  to  98. 

A  comparison  of  the  results  of  the  analyses  of 
snow  with  those  of  rain  water  yields  some  facts 
of  interest.  Conversion  of  the  averages  in  both 
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to  tin-  IKIMS  of  the  numljcr  of  milligrams  per 
lit  IT.  shows  that   values  obtained  from  the  rain 
r  analyses  were  higher  than  those  from  the 
sno\\  analyses.     This  comparison  is  as  follov 

\II.i         Cl         HNOJ        IUSII4 
-c  for  1 8  niin  ualytes  o  'i»s    .  8.15  .  0.1865        144.3 

,;e  for  21  snow  analyses 0.447   .  6.48   .   o.o.v»5   . 


A  comparison  of  the  result*  of  anow  and  rain 
nnalyst-s,  in  cases  where  samples  were  collected 
near  the  same  |>oints,  also  indieates  that  in  a 
majority  of  CIM-S  the  rain  values  were  h 
than  the  snow  values.  Such  a  comparison  is 
presented  in  thr  following  talnilati' 


1 .    Magnification,  34  Diameters 
(Sample  No.  4) 


2.     Magnification.  34  Diameters 
(Sample  No.  8) 


4.     Magnification.  34  Diameter* 

1     Magnification.  34  Diameters  Sample  No.  17) 

(Sample  No.  14) 
FIG.  73.     PHOTOMICROGRAPHS  OF  SOLID  MATKRIALS  FOUND  IN 
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MILLIGRAMS    PER   LITER    OR   PARTS   PER   MILLION 


the  individual  results  deviate  from  the  general 
rule  established  by  the  averages.  In  one  instance 
sulphur  in  rain  water  was  not  determined  and  in 
the  other  two  instances  the  results  were  almost 
identical. 

Thus  it  would   appear   that  rain   is   a   more 
effective  purifier  of  the  atmosphere  than  snow, 
or  that  the  amount  of  impurities  present  in  the 
It  will  be  noted  that  in  only  three  instances  did     atmosphere  in  summer  is  greater  than  in  winter. 


Rain  . 
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FIG.  74.     RESULTS  OF  SNOW  ANALYSES  ARRANGED  ACCORDING  TO  DISTANCE 
OF  POINT  OF  COLLECTION  FROM  THE  LOOP  DISTRICT 
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113.14  Composition  of  the  Atmosphere,  as 
Disclosed  by  Analyses  of  Air  Samples:  In  order 
to  provide  a  portable  laboratory  suited  to  the  re- 
quirements of  this  investigation,  a  simple  but  spac- 
ious automobile  of  the  delivery  type  was  equip 
ped  with  the  various  apparatus  and  materials 
needed.  The  machine  was  driven  by  a  gasoline 
motor,  and  was  equipped  with  a  storage  battery 
for  supplying  power  for  electric  lights  and  for 


the  operation  of  the  electric  motor  used  for  driving 
the  air  pump.  The  body  of  the  automobile  was 
designed  to  be  closed  and  locked  when  desired. 
Adequate  protection  was  provided  against  cold 
in  winter.  Views  of  the  automobile  laboratory 
are  presented  as  figs.  76  and  77. 

The  absorption  apparatus  used  in  analyses  of  air 
samples  consisted  of  a  series  of  flasks  containing 
proper  solutions  and  arranged  as  shown  by  fig.  78. 
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FIG.  75.    RESULTS  OF  SNOW  ANALYSES  ARRANGED  ACCORDING  TO  THE  ASCENDING 
VALUES  FOR  THE  AMMONIA  CONTENT 


FIG.  76.  VIEWS  OF  PORTABLE  LABORATORY 
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FIG.  77.    PORTABLE   LABORATORY 


The  holes  in  the  bottom  of  the  bulbous  tube, 

through  which  the  air  passed  into  the 
were  approximately  two  millimeters  in  cjiameter 
and  of  sutlicicnt  mimlxT  to  prevent  appreciable 
resistance  to  the  Mow  of  air  through  the  apparatus. 
The  separation  may  not  have  been  exact  t*-» 
all  of  the  flasks,  but  the  method  proved  reliable 
for  work  of  this  character  in  which  an  accurate 
comparison  only  was  desired.  Very  little  material 
was  carried  over  from  one  flask  to  another,  and 
the  last  flask,  which  was  used  merely  as  a  trap, 
moistened  only  during  a  test.  There  was  a 
concentration  of  the  solution  in  the  first  flask 
(No.  i)  due  to  lack  of  moisture  in  the  air.  During 
the  daytime  the  evaporation  from  this  flask, 


Filter  holder 
and  weather  vane 


Catch 
flask 


Mercury  sealed 
joint 


250  cc  of  sodium  hydroxide 

250  cc  of  hydrochloric  acid 

150  cc  of  hydrochloric  *cU 

of  sodium  hydroxide 


cc  o 


Sodium  Hydroxide  solution 
contains  So  grams  p«r  liter 


Hydrochloric  aold  contains 
26  CC  - f  1 .  2C 
per  liter 


-?  1.20  sp.gr  acid 


FIG.  78.    ABSORPTION   APPARATfS  I'SEI)   IN   ANALYSES  OF  AIR  SAMPLES 
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which  in  some  cases  amounted  to  100  cubic 
centimeters,  was  compensated  by  the  addition 
of  water  or  alkaline  solution. 

The  filter  holder  was  designed  to  face  the  wind 
at  all  times,  its  position  being  controlled  by  a  vane. 
To  prevent  air  leakage  it  was  set  in  a  mercury- 
sealed  ball-bearing  swivel  joint.  All  parts  which 
came  in  contact  with  the  mercury  were  of  iron; 
the  remaining  parts  were  of  brass.  While  the 
automobile  was  in  transit,  all  apparatus  above 


FIG.  79.    FILTER  HOLDER  AND  SEALED  JOINT 

the  mercury  seal  was  removed.  When  not  in  use, 
the  filter  proper  was  protected  by  means  of  a 
cork  inserted  in  the  end  of  the  holder.  The  filter 
holder  and  mercury  seal  are  illustrated  by  fig.  79. 
The  procedure  of  conducting  a  test  was  as 
follows:  The  automobile  was  driven  to  the  point 
of  collection  selected,  and  placed  as  nearly  as 
possible  in  a  position  in  which  it  would  not 
interfere  with  street  traffic.  For  night  tests  a 
position  was  selected  near  an  electric  street  lamp, 
if  possible,  so  that  readings  could  be  easily  taken 
from  instruments  which  were  used  outside  of  the 
automobile.  When  the  automobile  was  properly 


located,  the  air  filter  was  set  in  place  and  all 
necessary  apparatus  was  assembled.  After  the 
apparatus  was  arranged  for  the  test,  the  meter 
reading  was  recorded  and  the  flow  of  air  through 
the  apparatus  was  started.  Other  reference  data, 
such  as  humidity,  temperature  and  barometric 
pressure,  were  recorded  as  required  in  each  test. 
After  a  volume  of  about  90  cubic  feet  of  air 
had  passed  through  the  apparatus,  a  process 
which  usually  required  about  30  minutes,  the 
first  two  flasks  of  the  series  were  removed  and 
new  flasks  were  substituted.  The  samples  of  air 
contained  in  these  first  flasks  were  tested  for 
carbon  dioxid  according  to  the  method  herein- 
before described  (section  105.37).  The  other  con- 
stituents of  the  atmosphere  for  which  values  were 
desired,  were  determined  from  analyses  of  the 
solutions  contained  in  the  remaining  flasks  of  the 
series  upon  the  completion  of  the  tests. 

113.15  Records  and  Results  of  Air  Analyses: 
The  records  of  any  research  are  almost  as  impor- 
tant as  the  final  results.  In  this  investigation,  a 
complete  record  was  kept  of  all  conditions  affect- 
ing each  test,  and  from  this  was  prepared  a  con- 
densed record  of  conditions  and  results.  Typical 
records  for  a  test,  and  the  condensed  record  of 
results  made  therefrom,  are  illustrated  by  fig.  80. 

While  the  results  are  given  to  four  or  five 
decimal  places,  in  many  cases,  the  accuracy  of 
the  fourth  significant  figure  is  sometimes  ques- 
tionable. A  summary  of  results  is  presented  as 
tables  CXV  to  CXXIV  inclusive. 

A  brief  description  of  the  contents  of  the  filters, 
and  of  conditions  which  might  affect  the  results 
of  the  different  tests,  is  presented  in  the  following: 

SUMMARY  OF  THE  CONTENTS  OF  FILTERS  AND  OF  CON- 


DITIONS  AFFECTING  TESTS 


TEST 
NUMBER 

AND 
LOCATION 


125 

La  Grange, 
Kensington 
and   Oak, 
May  2, 
1913- 


^ 
La  Grange, 

5th  Ave. 
and  Oak, 
May  19, 
1913- 


FILTER  NUMBER,  COLOR 

AND  MATERIAL 

IDENTIFIED 

COUNTRY 

139.  Light  gray. 
Fairly  coarse  mineral 
debris,  ash,  few  pieces  of 
cinder,  no  soot,  insect 
parts,  vegetable  fibrous 
matter,  sphere  or  two. 

145.  Very  light  gray. 
Few  cinders,  mineral 
debris,  ash,  organic 
debris,  numerous  plant 
hairs,  few  small  ash 
spheres. 


CONDITIONS   UNDER 
WHICH    TESTS 
WERE   MADE 


Houses  quite  numer- 
ous, nearest  100  feet 
N.f  Yi  block  S.,vacant 
grass  lots  S.,  gravel 

Cike   not   oiled,    wind 
lowing  through  town. 

Open  meadow  E., 
R.R.  yi  mile  E.,  houses 
two  blocks  N.  and  S. 
and  yt  block  \V., 
gravel  road.  N.  E. 
wind. 
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147-  Slightly  gray. 

Vegetable  hair,  num- 
ber of  pollen,  few  ash 
pieces,  a  sphere  or  two 
and  a  little  mineral 
.!.•'••:  ;. 


148.  Very  light  gray. 
Very    little    animal 
debris,  few  cinders,  or- 
ganic debris. 


Golf  links  E 
meadow  W..  gravel 
toad,  rain  day  before, 
houses  M  mile  N 
One  block  W.  quarries 
and  Argo  S.  E. 


Meadow  N.,  woods 
beyond ;  greenhouse 
N.  K.  one  mile.  Houses 
N.  W.  K  mile  and  S. 
i(x>  feet,  mud  road 
with  no  traffic. 


ii" 

March  u. 
1913- 


in 

IIuintxil.lt 
Park. 
Court, 
April  i. 
«9«3- 


PA  I' 

ii'.    !..Kht. 

dirt,  much  coarse  min- 
eral  debris,   ash.   few 

• 

tank  debris  and  fiber. 

117.  Almost  white. 

Mineral  debris,  ash, 
few  cinders  and  soot, 
coal,  fibers,  organic 
debris,  vegetable  mat- 
ter, wood,  few  ash 
• 


Rain  daring  night, 
asphalt  street  and  ma- 
cadam road. 


Gravel,  open  space 

pavilion,     meadow 
across  boulevard  W. 
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Typical  Record  for  a  Test 


12,    1913         ton. 


Loop 

Cu.  Meten_25Jtt 


I  I'M    \,).         131 

•'.indolph  E.    of  Michigaa 
Rividence,  Factory.  R.R.  Country 
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Condensed  Record  of  Results  of  a  Test 
FIG.  80.    TYPICAL  RECORD  FOR  A  TEST  AND 
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152 

Humboldt 
Park,   Music 
Court, 
June  17, 
1913.  night. 


Garfield 
Park, 

July  26-27, 
1912. 

155 

Garfield 
Park, 
June  20, 


night. 


"5 

Lincoln 
Park, 

Lake   Front, 
Aprils,  1913. 


129 

Lincoln 
Park, 
May8, 
I9I3- 


Lincoln 
Park, 
June  16, 

1913. 

night. 


112 

Grant   Park, 
Lake   Front, 
April  2, 
I9I3- 


Grant  Park, 
opp.  Jackson 
June  14, 
1912,  night. 

87 

Monroe,  east 
of  Michigan, 
Jan.  31, 


116 

Michigan 
and  Congress 
April, 
1913- 


166.  Gray. 

Very    little    mineral 

matter,    little    animal 

and  vegetable  debris, 

insect  parts,  fiber,  soot. 


25.  Brown. 

Fine  mineral  matter, 
organic  debris,  fibers, 
very  small  pollen,  little 
soot,  little  coal. 

169.  Very  light  gray. 
Quantity  of  material 
collected  small.  Insect 
parts,  vegetable  debris, 
soot,  very  little  mineral 
matter. 


121.  Trace  of  gray. 

Vegetable  matter, 
few  pieces  of  cinder,  ash 
spheres,  fiber. 


129.  Very  light  gray. 
Cinders,    coal     ash 
arid  ash  spheres,  very 
little  organic  debris. 


164.  Very  dark  gray. 

Fine  mineral  matter, 

cinders,    soot,    debris, 

vegetable    fibers    and 

debris,  animal  debris. 


1 1 8.  Very  light  gray. 
Some  coarse  cinders, 
animal  debris  and  ash, 
number  of  ash  spheres 
and  few  sharp  edged 
irregular  glass-like 
masses,  suggesting  bits 
of  broken  slag,  like 
144  from  test,  little 
organic  debris. 

163.  Very  black. 
Rather  fine  organic 
debris    with   consider- 
able cinders,  soot. 


91.  Black. 
Pulverized  dirt,  fine 
cinders,  mineral  and 
organic  debris,  largely 
cinders,  spheres  of  ash, 
soot. 


122.  Light  gray. 
Coarse  coal,  cinders, 
soot,  little  mineral 
debris,  little  organic 
debris,  fibers,  few  ash 
spheres  only. 


Open  space  between 
boathouse  and  pavilion 
covered  with  gravel. 
Boulevard  W.  with 
meadow  beyond,  la- 
goon N.  of  boathouse. 


On  boulevard  S.  of 
bandstand,  about  cen- 
ter of  park.  Madison 
St.  N.  a  short  block. 


Oiled  macadam 
drive  S.  of  bandstand, 
one  block  south  of 
Madison  St.,  trees 
near,  no  traffic.  S.  W. 
wind  off  meadow. 


E.  side  of  granitoid 
road,  cement  sidewalk 
and  stone  beach  be- 
tween auto  and  lake. 
S.E.  wind. 


High     ground     by 
Grant  monument,  la- 

fxra  below  on  W.,  on 
.   road,   lagoon   and 
lake,  granitoid  paving 


By  Grant  Monu- 
ment, high  ground 
overlooking  lagoon  on 
W.  and  drive  with  lake 
beyond  on  E.  Trees 
and  vegetation,  oiled 
boulevard  with  no  traf- 
fic passing. 


S.  E.  wind. 


Grass  N.,  grass  and 
gravel  S.,  oUed  mac- 
adam pavement,  no 
traffic,  smoky. 


Wind  blew  much 
fine  material  from 
ground  N.  of  auto. 
Not  much  smoke  from 
I.  C.  R.  R.  W.  wind  N. 
«at  location. 


Ground  wet  from 
rain.  E.  side  of  as- 
phalt street.  I.  C. 
R.  R.  depressed,  with 
vacant  grass  plot  be- 
tween auto  and  R.R. 


118 

Monroe,  east 
of  Michigan, 
April  ii, 


73 

University  of 
Chicago, 
Dec.  3,  1912. 

108 

Washington 
Park, 
March  27, 
I9I3- 

114 

Jackson 
Park,     Lake 
Front, 
April  7, 
1912. 


131 

Randolph, 
east  of  Mich- 
igan, 
May    12, 
I9I3- 


1 20 

Wilson    and 
Ashland, 
April   1 8, 
I9I3- 


Ashland  and 
Montrose, 
June    19, 

1913. 
night. 


67 

School 

and    Elston, 
Nov.  6, 
1912. 


56 

Melrose  and 
California, 
Sept.   27, 
1912. 

57 

School   and 
California, 
Oct.  I, 
1912. 


124.  Dark  gray. 
Coal,  charcoal, 
cinders,  soot,  many 
spheres,  mineral  debris, 
organic  debris  and 
fibers. 


55-  Gray. 
Few    cinders, 
organic     debris, 
little  soot. 


coal, 
ash, 


114. 

Cinders,  ash,  miner- 
al debris. 


1 20.  Almost  white. 

Mineral  matter, 
little  cinders  and 
soot,  vegetable  tissue 
and  fiber,  little  organic 
debris. 


141.  Dark  gray. 
Mineral  and  organic 
debris,  ash,  cinders, 
soot,  vegetable  fibers 
and  wood,  pollen,  ash 
spheres. 


RESIDENCE 

127.  Slightly  gray. 

Much  coarse  mineral 
debris,  some  ash,  coal, 
little  soot,  vegetable 
fibers. 


1 68.  Light  gray. 
Very    fine    mineral 
vegetable 
and       hairs, 
starch,     soot, 


matter, 
debris 
pollen, 
wood. 


67.  Almost  white. 

Much  organic  debris, 
wheat  and  corn  cells 
with  starch,  mineral 
matter,  wood,  paint 
films,  very  little  soot, 
small  amount  of  coal 
ash. 

60.  Very  light. 
Mostly  coarse  miner- 
al     matter,      organic 
debris,  very  few  starch 
granules. 

63.  Very  light. 
Residue  largely  min- 
eral matter,  much  vege- 
table and  animal  tis- 
sue, a  bit  of  feather  fi- 
bers, numerous  pollen 
grains,  starch,  not 
much  soot  or  coal  dust. 


Smoke  from  I.  C. 
R.R.  blew  S.E.,  street 
wet  from  rain  till 
about  2  p.  M.;  many 
autoson  asphalt  street. 
I.  C.  R.  R.  200  t. 
(See  test  87.) 

Campus,  gravel  road- 
way, grass  covered 
parkways  and  lots. 


Ground  covered  with 
ice,  which   melt. 
end  of  test. 


Near  "La  Rabida." 
Location  in  eddy  of 
wind  which  probably 
brought  some  land  dirt 
into  filter.  Spray  kept 
gravel  walk  wet.  Wall 
between  walk  and  lake, 
granitoid  road. 


Boulevard  S.  lot, 
autos  and  teams  on 
blvd.  Blvd.  construc- 
tion one  block  S.  I.  C. 
R.  R.  terminal  N.  E. 


Ravenswood       resi- 
dence    district.       As-  j 
phalt  street,  school  one  t 
block  N.,  little  traffic, 
N.  W.  wind  off  vacant 
lawn. 


Ravenswood       resi- 
dence district.    S.  S.W.  ! 
wind.     Asphalt  street  • 
on  Ashland,  Montrose 
brick  with  car  tracks, 
no  cars  till  after  6  A.M. 
No    trees,    no    traffic 
except     milk     wagons 
till  after  6:30  A.M.  and 
then  light. 


Made  during  a  rain, 
barn  near  N.,  N.  wind, 
few  residences,  un- 
improved street. 


Residence. 


Chickens  in  lot  near 
location.  Unimproved 
street,  few  residences, 
N.E.  wind.  Common- 
wealth 'Edison  Co. 
station  one  block  N.  E. 
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7" 

irnia, 

1 1, 
1912. 


. 

ne, 
Ix-twcen 

Ilu'ner  and 
Fullertoti, 
linn-    12, 
MI  ;. 
ni^ht. 


83 

Churchill 

Robey, 
Jan.  13,  1913. 


160 

•   'Til 

H.irrison 
;ui.I  York, 
Juno    27, 
1913. 

62 
Min, 

between 
LaFayette 
and  Lincoln, 
Oct.29,  1912. 

29 

mgton 
Blvd.   and 
Talman, 
July  25,1912. 


A2-A 

mgton 
Blvd.   and 
Talman, 
Aug.  19, 
I'd-',  night. 


. 

land, 

south  of  3 1st, 
June    26, 
I9'3- 


MeKinley 
Park, 
Aug.  2, 
1912. 


153 

McKinlcv 
Park, 

>5, 

i'.i  ;. 
night. 


70.  Light  gray. 
Little  coarse  tin 
•  lilur-,     littli-     urgaiiif 
ilelm  .,   very   In1' 
and  soot. 


160.  Black. 
Animal     and     vege- 
table       ilelin..        tine 
mineral  matter,  pollen, 
much  soot. 


87.  Gray. 

Few  large  pieces  of 
mineral  or  ash,  little 
organic  debris,  cinders 
and  soot. 

174.  Very  light  gray. 

Much  mineral  debris, 
few  cinders,  fibers, 
little  organic  debris, 
few  pollen. 


61.  Gray. 

Fine  mineral  matter, 
much  coal  and  soot, 
organic  debris,  very 
few  small  pollen  mold, 
starch. 

24.  Light. 

Much  gritty  mineral 
matter,  some  organic 
matter  of  indefinite 
structure,  organic 
debris  and  fibers, 
few  pollen,  coal,  soot. 

39.  Very  light. 
Some  mineral  matter, 
some  large  pieces  of  in- 
definite organic  struc- 
ture, many  small 
pieces,  coal  or  cinders, 
soot. 

173.  Very  light  gray. 
Considerable  coarse 
mineral  matter  and 
ash,  cinders,  coal,  soot, 
animal  and  vegetable 
debris,  starch. 


26-A.  Very  light. 

Fine  mineral  matter, 
organic  debris,  plant 
hairs,  animal  hairs, 
coal  or  cinders,  very 
little  soot,  corn  starch. 

167.  Dark  gray. 
Fine  mineral  debris, 
ash,  cinders,  coal,  soot, 
much  vegetable  debris, 
starch,  animal  matter, 
fibers,  few  pollen. 


Residence     di 
vacant  lot*  N.  and  S. 
Street  cars  J.v>  !• 
Blvd.  three  MM  . 
no    factory    or  R.  R. 
near. 


Shady  street,  many 
trct-s,  Alexiun  Brothers 
<nl  S.  W.  As- 
phalt  street  with  one 
car  track,  no  cars  be- 
tween 1:00  A.M.  and 
6  A.M.  Factory  \.\V. 
Deering  works  W. 
where  it  was  very 
smoky  in  early  morn- 
ing but  cleared  later. 


Lumber  yard  E., 
R.  R.  S.  one  block, 
street  cars  E.,  ground 
wet,  misty  day. 

Cook  County  Hospi- 
tal on  W.  side  of 
brick  paving,  dirty, 
not  sprinkled  all  day, 
heavy  auto  (brewery) 
traffic  making  much 
dust. 


Residence  district 
with  smoke  from 
Chicago  Ave.  Pump- 
ing Station,  rained  be- 
fore test,  asphalt  street. 

Residence  district, 
railroad  passing  W. 
N.  W.  wind,  granitoid 
paving. 


Same  as  test  No.  29, 
raining,  S.  W.  wind. 


Clean  brick  paving, 
hospital  and  breweries 
N.  one  block,  I.  C. 
R.  R.  E.  one  block, 
little  traffic,  S.  W. 
wind. 


Location  of  test  on 
cinder  drive  X.  side 
of  park,  N.E.  wind, 
residences  about  park. 


V'l  and 

Augu 
fit.',  night. 


Lowe   and 
•6th, 

Aug.    ty 

KM.!. 


76 

5 1st      and 
Kimbark, 

Dw.4 

•913- 


73 

<>,Sth  and 
Star 
Dec.  2, 
1912. 


79 

67th  and 
Prairie, 
Dec.  ii. 
1912. 


"49 

42(1    Place 
and    St. 
Lawrence, 
June    13, 

«9'3. 
night. 


33 

29th,     West 
of   Halsted. 
July  30. 
1912. 


42-8 

;<)th.     We«t 
of   Hoisted, 
Aug.  20, 
1912. 


\\  Vrrv  l 
Organic  debris. 
tmnrritl  nuitlrr.  ftpores 
<>(  fungus,  several 
varieties  of  pollen, 
animal  hair*,  cool,  loot 
and  starch. 

3.  Rather  dark. 
Mineral    matter, 
bit*     ot     Home     crys- 
talline •.tnietiire.o 
ic   debris,  few 
coal,  little  soot. 

•ray. 
Vegetable  fibers  and 


e,  woody  fiber, 
some  mineral  debris, 
little  ash.  soot. 


ja.  Gray. 

Tinders,  coal,  soot, 
numerous  ash  spheres, 
ash,  mineral  matter, 

little  organic  debris. 


75.  Light  gray. 
Considerable  miner- 
al debris,  ash,  charcoal, 
little  cinders  and 
soot,  vegetable  matter, 
wood  fiber. 

162.  Very  black. 
Fine  mineral  debris, 
cinders,  soot,  animal 
and  vegetable  debris, 
fibers,  occasional 
pollen. 


R.  R.  W.  - 
wind,  rasidenc*. 


R.   R.   yards 
with  N.B.  wind.  otherJ 

unimproved  street.      ' 


Rather  open  resi- 
dence district,  vacant 
lot  N:  bordered  by 
wood  fence,  si 
no  smoking 
observed. 


Residence  except 
f'.r  I.  C.  R.  R.  one 
Mock  W.,  frequent 
trains,  rained  night 
before,  N.W.  wiruT 


Macadam  street 
from  which  wind  blew 
much  dirt,  autos  pass- 
ing frequently  raised 
dust,  R.  R.  one  Mock  E. 


Residence  district, 
no  factory  or  R.  R. 
near.  Oiled  macadam 
street,  brick  alley, 
dirty,  much  smoke 
early  in  morning  in 

W.,  some  milk  wagon 

.     .. 


MIXED  RESIDENCE 

29.  Light. 
Mineral    matter, 


, 

many  colored  fibers, 
wool,  hair,  much  corn 
starch,  few  minute 
pollen,  considerable 
mold  spores,  sawdust 
and  woody  fiber,  coal 
and  soot. 

36.  Dark. 

Mineral  matter, 
very  much  starch, 
mostly  corn  starch, 
few  pollen,  fibers,  hair. 


Playground    S., 
vacant    lot    N'.,    resi- 
S. 


Playground   S.,   va- 
cant lot  N.,  i 


(All  other  filters  belonging  to  this  class  are  described  in  con- 
nection with  other  classes  of  location.) 


Shniblxrv,  cinder 
drive  with  lagoon 
S.  across  grass  plot, 
houses  N.  beyond 
tall  hedge.  No  fac- 
tories, R.R.  about  one 
mile  S.\V. 


INDUSTRIAL 

113  119.  Rather  gray. 

Carroll    ami         Coarse      mineral 
Wood,  debris,    dodtlt.    coal. 

April;,  charcoal,     ash,     soot, 

1913.  few      Mack     spheres. 

animal  hair,  organsc 
debris,  ugltllbJi  mat- 
ter. 


from 

locomotive*  on  tracks 
one  block  N..  no 
factory  smoke,  pickle 
factory  W.  one  Sock, 
asphalt  paring,  ground 
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60-61 
Common- 
wealth 
Edison    Co., 
N.W.   Plant, 
Oct.     25-26, 
1912. 


63 

Clybourn 
Place   and 
Southport, 
Oct.  30, 
1912. 

68 

Division, 
between 
Hickory  and 
Hooker, 
Nov.  8, 
1912. 

59 

Hawthorne, 
between 
Hayes    and 
Larrabee, 
Oct.  14, 
1912. 


101 

Ohio    and 
Morgan, 
March     17, 
1913- 


121 

Austin, 
between 
Leavitt    and 
Hoyne, 
April  24, 
I9I3- 


71 

California, 
N.  of  Fulton, 
Nov.    13, 
1912. 

37 

Washington 
Blvd.,    off 
Halsted, 
Aug.  6,  1912. 

119 

Harrison  and 
Desplaines, 
Apnl    15, 
1913- 


146 

Desplaines 
and 

Congress, 
June    10, 
1912, 
night. 


56.  Very  light  gray. 
Fine  mineral  matter, 
animal  hair,  little 
starch,  organic  debris, 
coal,  apparently  char- 
coal, soot. 


65.  Gray. 

Fine  mineral  matter, 
charcoal  or  charred 
wood,  coal,  soot,  or- 
ganic debris. 

68.  Dark  gray. 
Org  anic  debris, 
animal  hair,  coal  and 
charcoal  in  appreciable 
quantities,  soot,  little 
starch,  coarse  and  fine 
mineral  matter. 

59.  Quite  dark. 
Coarse  and  fine 
mineral  matter,  or- 
ganic debris,  animal 
hair,  coal,  charcoal, 
soot,  little  starch,  few 
pollen,  wood,  fiber, 
bits  of  leaves. 


105.  Gray. 
Some  vegetable  fiber, 
little  hair,  little  organ- 
ic debris  or  mineral 
debris,  some  cinders 
and  soot. 

132.  Gray. 
Much  coarse  miner- 
al debris,  ash  and 
cinders,  little  soot, 
coal,  charcoal,  organic 
debris,  vegetable 
fibers,  molds,  much 
woody  tissue,  animal 
hairs. 

71.  Griy. 

Rather  coarse  cin- 
ders, coal,  few  spheres, 
little  soot,  little  or- 
ganic debris. 

30.  Brown. 
Mineral     matter, 
organic   debris,    hairs, 
fibers,  soot. 

126.  Very  dirty  black. 
Much  mineral  debris 
and  ash,  organic 
debris,  charcoal,  vege- 
table fiber,  including 
woody  structure. 

157.  Dark  gray. 
Coal,  cinders,  soot, 
mineral  matter,  ash, 
organic  debris  and 
fibers,  plant  hair, 
pollen. 


Inside  of  plant,  loca- 
tion  No.   60   S.W.   of 
building  with  N.  wind 
blowing      across     en- 
trance to  coal  and  ash 
Cits.   No.   61    N.E.  of 
uilding  with  S.W.  and 
W.  wind.    Small  bon- 
fire   west    for    a    few 
minutes. 


Vacant  lot  on  river, 
R.  R.  S.,  factories  and 
foundry  near.  Mould- 
ing factory  E.  with  E. 
wind. 


High  wind  W., 
hay  team  tracks, 
street  sweepers  at 
work,  cars,  cobble- 
stone paving,  consider- 
able teaming. 

Industrial  district 
back  of  Montgomery 
Ward's,  R.  R.  round- 
house across  the  river 
S.  W.  S.  W.  wind,  un- 
improved  street, 
switching  at  times,  no 
trees  near,  much 
teaming  o  n  Chicago 
Ave.  S. 


Asphalt  paving, 
some  snow  on  ground, 
small  air  sample,  bat- 
tery discharged. 


Brick  paving,  dirty, 
several  jumber  yards, 
some  residences,  R.  R. 
one  block  S.,  S.  wind. 


S.  of  C.  &  N.  W. 
Ry.,  W.  of  coal  yards; 
Griffin  Wheel  Co.  W. 
one  block,  school  S. 
one  block. 


Manufacturing    dis- 
trict, S.  wind. 


Foundry  N.E.  one 
block,  blacksmith  shop 
E.  beyond  vacant  lot 
covered  with  brick, 
cobblestone  paving, 
teaming,  no  residences. 

Cobblestone  paving, 
little  traffic  till  6  A.M., 
cars  after  6:30  A.M., 
candy  factory  W.  U. 
S.  Exp.  barns  N.  W., 
street  damp. 


49 

1 6th,         be- 
tween Wash- 
tenaw      and 
Rockwell, 
Aug.    27, 
1912,  night. 

5° 

1 6th,         be- 
tween Wash- 
tenaw      and 
Rockwell, 
Aug.27,1912. 

36 

Poplar,  off 
Archer, 
Aug.  s,  1912. 


34 

Loomis,  off 
22d  St., 
Aug.  i,  1912. 


126 
Emerald  and 
.th, 

ays. 


•M 
M. 


47 

4  ist  and 
Emerald, 
Aug.  24, 
1912. 


86 

43d    and 
Halsted, 
Jan.  at, 
I9«3- 


Emerald  and 
46th, 
Aug.    31, 
1912. 


45 

Union    and 
50th, 
Aug.    23, 
1912. 


85 

4Jth,  near 
Center, 
Jan.  20, 


Marshfield 
and  45th, 
Aug.    22, 
1912, 
night. 


58. 

Numerous  pollen  in 
bunches,  little  mineral 
matter,  debris  and 
soot,  mold  spores. 


5'- 

Organic  debris, 
mineral  matter,  nu- 
merous pollen,  starch, 
hair  fibers,  little  soot. 


31.  Very  light. 
Mineral  matter,  or- 
ganic   debris,    starch, 
no  pollen,  little  soot, 
coal. 

28. 

Much  woody  tissue, 
organic  debris,  sand, 
few  pollen  and  spores, 
hair,  fibers  and  starch. 

130.  Dark  gray. 
Much  cinders,  soot, 
ash,  spheres  of  ashes, 
not  much  organic  de- 
bris. 


48. 

Mostly  mineral  mat- 
ter, much  vegetable 
and  animal  tissue,  saw- 
dust, colored  fibers, 
starch,  numerous  pol- 
len, much  coal,  soot 
and  ash. 

84.  Quite  black. 
Organic  and  mineral 
debris,   vegetable  and 
animal  fibers,  cinders, 
soot  and  coal. 


32.  Very  dark. 
Mineral  matter, 
much  organic  debris, 
indefinite  masses,  mold 
spores,  few  pollen, 
fibers,  much  cinders 
or  coal,  soot. 

40. 

Much  mineral  mat- 
ter, sawdust,  much 
starch,  possibly  wheat, 
numerous  pollen,  much 
soot,  coal  and  ash. 

88.  Very  black. 
Large  coarse  cinders, 
coal,  charcoal,  ash,  few 
spheres,  soot,  organic 
debris,  vegetable  fi- 
bers, pollen  grain  or  two. 


34.  Dark. 

Numerous  pollen  in 
bunches,  several  varie- 
ties, much  corn  starch, 
mineral  matter,  organic 
matter,  soot,  mold 
spores. 


N.E.  wind,  residence 
district,  Douglas  Park 
W.,  Ryerson  ware- 
house  E.,  B.  &  O.  and 
C.  B.  &  Q.  E. 

Residence  district, 
N.E.,  E.  wind. 


Lumber  yards,  S.W. 
wind    blowing    . 
river,  plank  paving. 


Emerald  Ave.,  as- 
phalt paving,  39th  St. 
granite  block  in  trucks, 
vacant  lot  W.,  houses 
E.,  brewery  S.,  Pfaelz- 
er  Sons'  Co.  S.,  ground 
wet,  R.R.  one  block  S. 


Stockyards     S.    W. 
with  S.  W.  wind. 


Snow  on  ground, 
street  cars  W.  one 
block,  residence  E.,  E. 
of  stockyards,  S.  wind, 
saloons  on  corners. 


Wind  off  stockyards. 


W.  of  Pennsylvania 
yards,  with  W.  wind. 


S.  of  stockyards, 
N.W.  wind,  just  S.  of 
Belt  Ry.  tracks,  snow- 
ing at  times,  ground 
covered  with  snow. 


W.  and  S.  \V.  wind, 
W.  of  stockyards  near 
play  grounds. 


A  STUDY  OF  ATMOSPHERIC  POLLUTION 


1 28 

42d,   E.   of 
Ashland, 
May  7. 
1913 

1.14 

ooth  and 
inaw, 

'H°. 
1 6, 

MI  ;. 


157 

Congress, 
east  of 
Center, 
June23,l9l3. 


«47 

Congress, 
east  of  Cen- 
ter, June  n, 
1913,  night. 


Taylor, 
corner 
Federal, 
May  13, 
I9I3- 

141 
158 
>33 
29 
42-A 

32 

La  Salle  and 
26th, 
July  29, 
1912. 

«°5 

Shields    and 
34th, 

March  22, 
'913- 


L  75 
37th  and 

Armour, 
Dec.  5,  1912. 


44th  and 
Shields, 
Dec.  4, 
1912. 


l  ft.  Dirty  gray. 
Animal  debris,  little 
ash,  coal,  cinders,  char- 
coal, organic  debris. 

144.  Gray. 
Many  angular  bits 
of  clear  particles,  like 
bits  of  broken  glass 
or  slag,  containing 
gas  bubbles  not  ob- 
served in  other  speci- 
mens, cinders,  soot, 
many  minute  spheres 
most  of  them  clear, 
pollen,  organic  debris, 
much  small  mineral 
matter,  debris  and  ash, 
fibers,  one  long  fila- 
ment of  glass-like  mate- 
rial with  elongated  air 
or  gas  bubbles. 


171  or  177.  Light  gray. 
Little  cinders  and 
soot,  mineral  and  or- 
ganic debris,  bits  of 
bluish  film. 


159.  Very  black. 
Fine  mineral  debris, 
cinders,   soot,   organic 
debris. 


RAILROADS 

142.  Very  dark  gray. 
Cinders,  charcoal, 
ash,  animal  and  organ- 
ic debris,  fibers,  few 
pollen  and  very  minute 
ash  spheres,  soot. 

See  Loop  Class. 


"  Residence  " 


26.  Rather  light. 

Mineral  matter, 
organic  debris,  hair, 
occasional  pollen  and 
starch. 

no.  Light  gray. 
Organic  debris,  ash, 
cinders,   soot,   mineral 
matter,     ash     spheres 
and  charcoal. 


54.  Rather  dark. 
Cinders,  coal,  soot, 
organic     debris     and 
ash. 


73.  Dark. 

Vegetable  debris, 
ash,  cinders,  coal,  char- 
coal, soot,  not  much 
mineral  debris. 


E.  of  stockyard*, 
fertilizer  plants  m-.ir. 
street  ears  W.  loo  (n-t. 
granite  blocks. 

Residences,  unim- 
proved street,  no  traf- 
fic, no  dust,  blast  and 
Bessemer  con 
furnaces  N.  one  mile, 
rolling  mills  N.  W.,  slip 
and  ore  piles  E.,  smoke 
not  blowing  directly 
toward  auto. 


and 


Brick  paving,  team- 
ing, pie  factory  E., 
garter  factory  S.W., 
blacksmith  shop  N.E. 


Brick  paving,  bakery 
one  block  E.,  no  cars, 
little  traffic  till  after 
6:30  A.M. 


Dearborn  Station 
N.E.,  rough  cobble- 
stone paving,  much 
teaming,  freight  house 
N.,  hard  rain. 


Railroads  E.  with 
E.  wind,  street  un- 
improved, residences. 


Vacant  lot  W.,  one 
block  to  R.  R.,  asphalt 
street;  snow  over  part 
of  ground,  no  build- 
ings, no  cars,  little 
traffic,  ball  park  S.  E. 

Rained  the  previous 
night,  R.R.  one  block 
w!,  "L"  one  block  E.. 
stores,  laundry,  bakery 
on  street. 


R.  R.  one  block  W., 
playground  S.  one 
block. 


Ud  «n 

1913. 


107 

33d    and 
Shields. 
March  26, 
«9I3- 


38 
»5 
47 
45 
46 
63 
116 

131 
144 

87 
118 
ISO 
«59 


88 

i  7th  and 
Oakley, 
Feb.  i, 
I9I3- 


132 

130 

Chicago  and 
Halsted, 
Viaduct, 
May  9, 
I9I3- 


59 

53 

Kinzie   and 
Clinton, 
Aug.    30. 
1912, 
night. 


54 

Kinzie   and 
Clinton, 
August    20, 
1912. 


109 

Kinxie   and 

March     28, 
I9I3- 


*>    Dark  gray. 
ITS,   asn,   soot, 


P.  P.  W.  A  C.  Ry.. 
end  of   rank 

with  roundhouse  8.W.. 


Brick  paving  on  jljd, 
no  paving  on  Sraekb, 
vacant  lot  N..  R.  R., 
W.,  house*  and  stores, 
ground  frozen,  snow. 


coal,  vegetable  matter.      grass     •long     R      K 
fibers,     wood     fibers,      burned    in    afternoon, 
train*  frequerr 


1 1 1    Dark  gray. 
Mineral  .Icbrin.  a»h. 
cinders,  little  w»>t,  or- 
ganic debris  and   few 

•    .  ., 


Sec  Residence  Class. 
"    Industrial     " 


Park 
Loop 

Part 


Residence 


92.  Dark. 

Much  vegetable  de- 
bris and  fiber,  animal 
hairs,  woody  fiber, 
mineral  debris,  ash, 
cinders,  wot  and  corn 
starch. 

See  Loop  Class. 

140.  Very  black. 

Quantities  of  street 
debris,  much  coarse 
mineral  debris  and  ash, 
cinders,  little  soot, 
much  vegetable  debris 
and  fiber  including 
wood,  charcoal,  ash 
spheres,  animal  hair, 
a  pollen  grain  or  two. 

See  Industrial  Class. 

42.  Very  dark. 
Much  gritty  mineral 
matter,  coal  or  cinders, 
soot,  organic  debris, 
woody  fiber,  occasional 
starch  and  pollen, 
fibers,  indefinite  organ- 


53- 

Much  coarse  mineral 
matter,  animal  and 
vegetable  debris, 
wood,  some  starch, 
numerous  pollen,  con- 
siderable soot,  coal  and 
ash. 

115.  Dark  gray. 
Cinders,  ash.  mineral 
debris,    toot,    organic 
dcbns. 


C.B.  &  Q.  yards  N. 
and  W.,  asphalt  at  can 
X  block  S.,  vacant  lots 
covered  with  ice. 


R.  R.  roundhouse 
N.  E.  but  smoke  from 
it  did  not  blow 
directly  toward  the 
auto,  river  one  Mock 
W.  wood  paving  slight- 
ly damp,  sprinkled  in 
car  tracks  once,  much 
teaming. 


R.  R.  yards,  obbie- 
stone  paving,  S.E. 
wind  off  yards,  team- 
ing. 


Cobblestone   street, 

railroad  yards. 


R.  R.  on  elevated 
track  W..  track  &  >« 
block,  freight  bouse 

»«_^»        reKM- 

•croM  •met*  oooote- 
stone  paving  w«t. 


39 


See  Residence  Class. 
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81 

Austin   and 
Ashland, 
Dec.     1 6, 
1912. 


"3 

121 

41 

Austin   and 
Artesian, 
August,  17, 
1912. 


40 

Austin  and 
Artesian, 
Aug.i7.i9i2, 
night. 

71 

69 

Wade  and 
Crittenden, 
Nov.  9, 1912. 


52 

Sacramento 
and  Chicago, 
Aug.    29, 
1912,  night. 


77 

28th, 
between 
Shields    and 
Princeton, 
Dec.  9,  1912. 

127 

55th     Blvd., 
between 
Shields    and 
Normal, 
May  6, 
1913- 


H5 

55th  and 
Normal, 
June  9,  1913, 

night. 


131 

87 

118 

144 

Monroe,  east 
of  Michigan, 
June?,  1913, 
night. 

116 


81.  Gray. 

Vegetable  and 
animal  debris,  ash,  cin- 
ders, coal,  soot,  miner- 
al debris,  animal  hair, 
spheres  of  ash,  char- 
coal. 

See  Industrial  Class. 


38.  Dark. 

Mineral  fragments, 
organic  debris,  soot, 
animal  and  vegetable 
fibers,  pollen,  mold 
spores,  starch,  coal. 

Same  as  No.  41. 


See  Industrial  Class. 

69.  Quite  dark. 
Cinders,    ash,    spot, 
mineral    debris,    little 
organic  debris. 


57- 

Organic  debris, 
much  wood  fiber,  nu- 
merous pollen,  con- 
siderable soot,  coal  and 
ash. 

74.  Gray. 

Considerable  coarse 
mineral  matter  and 
ash,  cinders,  coal,  char- 
coal, organic  debris 
and  fiber,  woody  tissue. 

131.  Very  dark  gray. 
Mineral  debris,  cin- 
ders, ash,  many  ash 
spheres,  soot,  organic 
debris,  coal. 


158.  Very  black. 
Cinders,  soot,  miner- 
al debris,  organic  de- 
bris, vegetable  tissue. 


R.R.  one  block  S., 
S.E.  wind,  factories  and 
residences,  street  cars 
E.  l/^  block,  paved 
street. 


LOOP 
See  Park  Class. 


155.  Light  gray. 
Considerable  coarse 
mineral  debris,  little 
ash,  soot,  cinders,  vege- 
table debris,  woody 
fiber,  charcoal. 

See  Park  Class. 


S.-S.W.  wind  off  C. 
&  N.  W.  Ry.,  cattle 
trains  passing. 


R.R.  one  block  E., 
houses  all  around, 
livery  stable  across 
street.excavating  lot  N . 


N.  E.  wind,  R.   R. 
roundhouse  E. 


R.R.  one  block  W., 
S.-S.  W.  wind,  resi- 
dence district,  shop 
S.  W. 


Rained  night  pre- 
vious, opposite  round- 
house with  grass  and 
oiled  macadam  road 
between  auto  and 
roundhouse,  R.R.  one 
block  E.,  and  another 
one  block  W.,  autos 
passing  on  boulevard. 

Penn.  roundhouse 
and  yards  N.E.,  resi- 
dence district,  asphalt 
blvd.  with  oiled  mac- 
adam on  side  drive, 
grass  strip  between 
blvd.  and  drive,  R.R. 
crosses  street  E.  and 
W.,  no  factories. 


95 

Dearborn , 
south    of 
Lake, 
Feb.  14, 
I9I3- 


103 

Dearborn, 
south    of 
Lake, 
March  19, 
I9I3- 

90 

Randolph, 
between 
State    and 
Dearborn, 
Feb.  6,  1913. 


94 

Washington, 
west    of 
Dearborn, 
Feb.  13, 
1913- 


"7 

Washington, 
west    of 
Dearborn, 
April    10, 


Granitoid  paving 
blvd.  W.,  I.  C.  R.  R 
150  feet  E.,  new  grass 
N.  for  one  block  then 
dirt,  N.  wind. 


140 

Dearborn, 
north    of 
Madison, 
June  3,  1913, 
night. 


99 

Dearborn, 
north    of 
Adams, 
Feb.  21,1913. 

139 

Dearborn, 
north    of 
Adams, 
June  2,  1913, 
night. 

1 02 

Dearborn, 
between 
Adams     and 
Monroe, 
March     1 8, 
1913- 


141 

Dearborn 
and    Polk, 
June  4,  1913, 
night. 


Polk  and 
Plymouth, 
June    24, 
1913- 


99.  Gray. 

Animal  and  vege- 
table debris,  colored 
hairs  and  fibers,  wood 
fiber,  straw,  grain, 
particles  of  charcoal, 
soot. 

107.  Dirty  white. 
Much  vegetable  fi- 
ber,   little    soot,    hair, 
debris,  ash  spheres. 


94.  Dark  and  dirty. 

Much  vegetable  de- 
bris and  fibers,  woody 
tissue,  colored  fibers, 
animal  debris  and 
hairs,  mineral  debris, 
ash,  cinders  and  soot. 

98.  Black  paper, 

gray  cotton. 
Very  much  coarse 
niiiHT.il  debris,  ash, 
cinders,  soot,  much 
coarse  vegetable  de- 
bris, woody  fiber,  hair. 

123.  Dark  gray. 
Mineral  matter  and 
ash,  cinders,  coal,  or- 
ganic debris,  vegetable 
fibers,  animal  hairs, 
ash  spheres. 

152.  Dark  gray. 
Cinders,  some  soot, 
mineral  debris  and  ash, 
organic  debris,  wood, 
few  small  ash  spheres, 
a  pollen  or  two. 


103.  Almost  white, 
few  specks. 

Cinders,  soot,  ash, 
few  spheres  of  ash, 
rather  coarse. 

151.  Dark  gray. 
Cinders   and   coal, 
some  soot,  very  little 
ash  and  animal  matter, 
few  minute  spheres. 

1 06.  Dirty  gray. 
Much  vegetable 
debris,  fibers,  woody 
tissue,  colored  fibers, 
animal  debris  and 
hairs,  coarse  mineral 
debris,  ash,  cinders 
and  soot. 

150.  Light  gray. 
Very      much      fine 
mineral     debris,     ash, 
cinders,  soot,  vegetable 
and  animal  debris. 


172.  Gray. 
Very  much  coarse 
mineral  debris,  ash, 
soot,  vegetable  fiber, 
pollen,  seed,  animal 
and  vegetable  debris. 


Cobblestone  paving 
with  wood  blocks  in 
car  tracks,  "L"  north 
100  feet,  snow  flurry, 
W.  wind. 


Cobblestone  i  aving 
with  wood  block  in  car 
tracks,  "L"  on  Lake 
St. 


Seed  store  adj. 
cobblestone       paving, 
street       cars,       street 
cleaners. 


Cobblestone  paving, 
street  cars,  much  street 
debris  circulating, 
wind  high  and  < 
22  miles  per  hour, 
S.  W. 


Cobblestone  paving 
wet  from  rain  of  night, 
street  cars. 


Wood  blocks  in 
tracks,  cobblestone 
outside,  little  traffic, 
street  swept  by  two 
men  at  2  A.M.,  cars 
about  every  hour. 


Wood  block  pa 
wet,      raining, 
cars. 


Wood  block  paving, 
little  traffic  including 
cars  till  6:30  A.M.,  no 
street  sweepers. 

Front  of  Man, 
Bldg.,  wood  block  pav- 
ing, street  cars, 
sprinkled  at  I  P.M. 


Dirty  rough  cobble- 
stone paving,  one  man 
sweeping  street  at  be- 
ginning of  test  and 
three  hours  later, 
4  A.M.,  express,  mail 
and  baggage  wagons, 
station  opposite  S. 

Cobblestone  paving. 
Dearborn  Station  S., 
pile-driver  placed  in 
excavation  N.  during 
day,  large  printing 
plant  E. 
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|..i  ; 


"'I 
-". 


Clark,  south 


156 

ams, 

Junr     21, 


96 
south 

Ituren. 

97 

Clark,  south 
of  VanHuren, 

17. 

100 

Lake,    near 
10, 

106 

Lake, 

La  Sail,-. 
March  24. 
«9i.V 


between 

La  Salic  and 

5th, 

Jane  6,  1913, 

night. 


9* 

LaSalle, 
between 
Adams  and 

Feb.  8.  1913. 

9* 

La  Sail,-. 
between 
Adams  and 

roe, 

I.  1913. 

Sun^ 

La  Satfc, 
between 
Adams     and 
Monroe, 
Feb.  10,1913. 


H.v   "ark   rather   than 

1,1., 

Cinders,  s.  «,t,  ash, 
miiu-ral  oebrU,  %,>;,• 

table  debu,.  .iiiitiiiil 
hairs,  chaivoat  and 
spheres  of  ash. 

n«).  Dirty  gray. 
Animal  ami  vege- 
table debris,  animal 
liair,  wood  fillers,  vcgc. 
table  debris,  nun-li 
animal  debris,  ash, 
coal,  ,  liar.-,  ..il. 

14,).  dray. 
Cinders,    coal,    very 
little  ash,  organic  de- 
bris, pollen. 

170.  Very  light  gray. 

Ki-w     cinders,     few 

pjirlicles     of     mineral 

and    vegetal  ile    matter 

and  little  SIM  it. 

100.  Gray. 

Vegetable  and  animal 
.     cinders,     soot, 
some    mineral    del  iris, 
little  ash  and  occasion- 
al ash  spheres. 

101.  Gray. 
Mineral  debris,  much 

cinder  and  soot,  vege- 
table matter,  wood, 
hair,  few  pollen, 
and  animal  debris. 

104.  Very  light  gray 

Little  mineral  mat- 
ter, small  vegetable 
debris,  soot,  few  (xillen. 

•    11.  Very  light. 

Debris  of  all  kinds, 
a  few  fibers,  hair,  soot. 


154.  Gray. 
Much  cinder,  ash, 
many  spheres,  organic 
debris,  woody  tissue, 
animal  debits,  vege- 
table and  animal 
fibers. 


95 

Considerable  woody 

tiU-r,    soot,    ash,    cin- 

•>al,  insect  parts, 

animal   and   vegetable 

debris,  mineral  debris. 

96.  Dark  gray. 

much  surface 
dirt,  vegetable  and 
animal  debris,  woody 
tiU-rs,  charcoal,  min- 
eral debris,  soot,  cin- 
ders, pollen. 

97.  Very  dark  gray. 
Much  vegetable  de- 
bris, woody  matter, 
colored  fibers,  animal 
hairs,  mineral  debris, 
toot,  cinders. 


\,    .11    )....!,, |||,  ,-.  \\.-.l 

block     paving. 


WCHM!  block  paving. 
street  cars,  utrcct 
Hushed  at  noon,  crowd 
at  noon. 


WINK!  block  paving, 
with  cobblestone  in 
tracks,  little  traffic. 


Rained  during 
wood       blix-k     paving 
with      cobblestone      in 
street  car  tracks,  little 
t  raff ic.cars  at  intervals. 

Cobblestone  paving, 
street  cars,  no  str,-et 
sweepers,  low  build- 
ings, Sunday  :• 


Cobblestone  paving, 
street  cars,  low  build- 
ings, saloons,  street 
sweepers,  traffic. 


Cobblestone  paving, 
"L"  above,  surface 
cars,  street  wet. 


Cobblestone  paving, 
"L"  and  surface  cars, 
street  wet  with  rain. 


Cobblestone  paving, 
street  sweepers  work- 
ing at  beginning  of 
test,  "L"  above,  sur- 
face  cars  stopped  be- 
tween l  and  6  A.M., 
traffic  began  after 
6  A.M. 

Wood  block  paving, 
no  cars  in  block,  many 
people  passing. 


Wood  block  paving, 
no  cars  in  block,  street 
.  !,  .niers  till  noon,  con- 
siderable traffic. 


Wood  block  paving, 
no  car*  in  block. 


14* 

U  Snlle. 


ami 

Illlli-  V   I'M  I. 
night. 

l  U 

MOIIP  . 
Canal. 

<4> 
1913 


121 

Canal,  south 
of  Randolph. 
April  J6. 

L.I  ; 


9* 

Mark, 
Monroe, 
Feb. 
191* 


MI    \'<rv  dark  gray. 

debris,      ash,      toot. 

.  ,- 
of   inmxU.    filler*   Mid 


"4.V  ' 

Csodtn,   ash,    soot, 
•  i,     organic 


114    C.ray. 
Cinders,    i-nal,    anh, 
organic     debris,     a*h 
harcoal. 


102.    I 

S»me  dirt,  much 
animal  and  vegetable 
debris,  animal  hairs, 
skin,  colored  wool  and 
vegetable  fitx-r,  miner- 
al debris,  ash,  cinders 
and  soot. 


Wora!  block  paving, 
mail    and    n- 

m  Monroe. 


ran  on 


w  wfe  of  Union 
Depot,  high  wall 

'.'. 

blestonr    paving,    wet 

from  rain  of  previous 

night. 

Cobblestone  paving, 
soaked,  by  nun,  no 
street  can.  North- 
western Depot  W.  side 
of  street,  cars  on  Ran- 
dolph. 

No  street  cars, 
cobblestone  paving 
damp,  heavy  teaming. 


Owing  to  the  difficulty  of  readily  interprvtiriK 
large  groups  of  figures,  the  results  of  the  air 
analyses  have  been  arranged  and  plotted  to  form 
curves  which  convey  at  a  glance  the  significance 
of  the  values  determined.  In  calculating  averages 
by  classes  of  location  preparatory  to  plotting  tht- 
curves,  a  few  results  which  varied  widely  from  the 
averages  have  been  omitted.  For  instance,  in 
the  park  class,  tests  Nos.  150,  87,  116,  118  and  131 
have  been  omitted  because  they  were  made  in  a 
location  (Grant  Park)  which,  while  technically 
belonging  to  the  park  class,  is  in  close  proxim- 
ity to  a  railroad  line  and  also  to  the  loop  dis- 
trict, and  the  atmosphere  at  this  point  was  re- 
garded as  being  influenced  by  the  presence  of 
these  polluting  factors.  The  conditions  were, 
therefore,  not  comparable  with  those  obtaining  in 
other  parks.  In  the  railroad  class,  several  tests 
have  been  omitted.  Test  No.  i  was  omitted 
because  tho  rate  of  filtering  as  a  result  of  motor 
trouble  was  much  slower  than  that  for  any  other 
test.  Test  No.  87  was  omitted  because  of  the 
presence  in  the  air  of  a  very  large  amount  of 
surface  dirt  due  to  a  high  wind.  The  chlorin 
determinations  in  test  No.  64  were  omitted  be- 
cause the  results  were  nearly  twice  as  great  as 
those  of  any  other  test,  a  condition  which  was 
probably  due  to  the  fact  that  the  test  was  con- 
ducted on  a  foggy  day.  Sulphuric  acid  results 
from  test  No.  64  were  also  omitted  for  the  same 
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reason.  In  the  mixed  residence  class,  the  chlorin 
determinations  from  night  test  No.  145  were 
omitted  because  of  the  exceptionally  high  values 
obtained.  In  the  industrial  class,  determinations 
for  solids  were  omitted  from  two  tests  because  of 
accidents  to  the  niters. 

The  results  of  the  various  determinations  and 
the  deductions  to  be  made  therefrom  are  presented 
in  the  sections  which  follow. 

113.16  Solid  Constituents  of  the  Atmosphere 
as  Determined  by  Air  Analyses :  The  solid  mate- 
rials present  in  the  samples  of  air  which  were 
collected  in  the  total  of  160  air  analyses  made  in 
different  parts  of  the  city  and  the  surrounding 
territory,  were  intercepted  in  the  manner  de- 
scribed (section  113.14)  by  means  of  specially 
prepared  filters  arranged  in  place  in  the  intake 
of  the  apparatus.  The  solids  thus  entrained  were 
then  weighed  and  examined. 

The  average  values  for  the  solid  materials  for 
both  the  day  and  the  night  tests  made  in  the 
various  districts  are  presented  as  table  CXXV. 

TABLE   CXXV.     AVERAGE  AMOUNTS  OF  SOLID  MATERIALS 

FOUND   IN   AIR   SAMPLES   COLLECTED 

IN   VARIOUS    DISTRICTS 


Milligrams  per  Cubic  Meter 

Districts 

No.  Tests 

Solids 

Districts 

No.  Terti 

MI* 

Country 

6  Day 

0.049 

Mixed 

jn    Ii,,* 

0.976 

Residence 

5  Night 

0.207 

Park 

20  Day 

0.321 

All 

0.818 

4  Night 

0.364 

All 

0.330 

Playground 

6  Day 

0.350 

Boulevard 

9  Day 

0.707 

3  Night 
All 

0.261 
0.327 

5  Night 
All 

ii  IM 

0   i.'iT 

Residence 

24  Day 

0.689 

Railroad 

36  Day 

ii  VLII 

9  Night 
All 

0.445 
0.618 

14  Night 
All 

II     ISS 

0.821 

Industrial 

24  Day 

1.000 

Loop 

26  Day 

1.958 

9  Night 
All 

0.361 

II    S1V, 

7  Ni«ht 

II     l.'..,l 

1   .;vi 

A  study  of  the  values  presented  in  table  CXXV 
indicates  that,  as  a  rule,  the  amount  of  solids  con- 
tained in  samples  collected  during  the  day  is 
greater  than  that  contained  in  samples  collected 
during  the  night.  An  exception  to  this  general 
rule  occurs  in  the  case  of  samples  collected  in 
parks.  The  decrease  noted  during  the  night  in 
industrial  and  residential  districts  is  probably 
due  to  the  fact  that  most  of  the  industries  are 
closed  at  night  and  also  that  there  is  less  traffic  on 
industrial  and  residential  streets  during  the  night 
than  during  the  day.  The  difference  between  the 
amount  of  solids  present  in  the  samples  collected 
during  the  day  and  in  those  collected  during  the 
night  is  not  as  marked  in  the  case  of  boulevards 
as  in  the  case  of  most  of  the  other  districts,  a 


fact  which  may  probably  be  due  to  a  compara- 
tively greater  degree  of  activity  on  the  boule- 
vards during  the  night  than  is  evident  on  most 
other  thoroughfares.  Particular  attention  is  di- 
rected to  the  difference  between  the  amount  of 
solids  present  in  the  air  during  the  day  in  the 
loop  district  and  the  amount  present  during  the 
night,  the  value  for  the  day  being  nearly  three 
times  as  great  as  that  for  the  night.  This  con- 
dition may  be  explained  by  the  comparative 
cessation  of  activity  in  the  loop  district  during 
the  night,  and  also  by  the  fact  that  the  wind 
velocity  during  the  night  is  usually  lower  than 
during  the  day.  In  order  to  disclose  further  the 
relation  between  the  amount  of  solids  present  in 
the  air  during  the  day  and  the  amount  present 
during  the  night,  the  values  have  been  plotted  by 
rearranging  the  tests  in  the  order  of  descending 
values  for  the  solid  materials  found  in  samples 
collected  during  the  night.  A  diagram  showing 
this  relation  is  presented  as  fig.  81. 

It  is  evident  that  most  of  the  day  values  are 
higher  than  the  corresponding  values  for  night 
tests.  Especially  is  this  true  in  the  case  of  sam- 
ples collected  in  the  railroad  and  loop  districts. 
It  may  also  be  noted  that  the  values  for  solid 
materials  contained  in  the  samples  collected  during 
the  night  are  generally  higher  for  the  railroad  and 
loop  districts  than  for  other  districts.  There  are 
nine  instances  in  which  the  "night  values  exceed 
the  corresponding  day  values.  In  two  of  these 
instances  the  values  are  only  slightly  higher  for 
night  than  for  day.  Three  were  park  tests,  one 
was  made  on  the  lake  front,  two  were  in  industrial 
locations  and  one  was  an  exceptional  loop  or 
railroad  location  where  there  was  considerable 
vacant  ground,  namely,  Grant  Park  west  of  the 
Illinois  Central  Railroad. 

The  exceptionally  high  values  for  solids  obtained 
from  tests  in  the  loop  district  were  probably  due 
to  such  local  conditions  as  heavy  traffic  and 
intense  business  activity.  Two  tests  made  at 
the  same  point,  under  wet  and  dry  conditions 
respectively,  yielded  results  which  indicated  the 
presence  of  considerably  less  dust  in  the  atmos- 
phere during  periods  of  rain  than  during  periods 
of  dry  weather.  In  addition  to  the  data  from 
which  the  determinations  of  the  quantity  of  solids 
contained  in  air  samples  were  made,  much  in- 
formation was  secured  from  a  careful  study  and 
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ink  roscopical  examination  of  the  filters  and 
tlu-ir  contents.  Photographs  of  all  filters  were 
These  photographs  serve  as  permanrnt 


of  filters,  in  which  the  blank  filter  is  shown  in  the 
upper  left-hanil  r.>nu-r,  in  n-pnxluccd  as  fig.  Xj .* 
The  color  of  the  filter  has  been  used  by  many 


Night 


TEST    NunacRS    AND    DISTRICT    LOCATION 


FIG.  81.    COMPARISON  BETWEEN  THE  SOLID  MATERIALS  PRESENT  IN  SAMPLES  OF  AIR 
COLLECTED  DURING  THE  DAY  AND  THOSE  COLLECTED  DURING  THE  NIGHT 


records  from  which  comparisons  may  be  made  as 
desired.  In  photographing  a  series  of  filters,  one 
unused  or  blank  filter  was  placed  in  position  with 
a  number  of  filters  through  which  air  samples  had 
been  drawn.  One  of  the  photographs  of  a  series 


investigators  as  a  means  of  estimating  the 
amount  of  carbonaceous  material  in  the  air. 
While  observations  of  color  may  serve  in  a  general 


<Ut»f» 
Archmxrf  UMCoMBftlM.  Voi  A  a. 
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way  to  aid  in  classifying  the  materials  intercepted, 
it  is  evident  that  under  certain  conditions  some 
of  the  solid  constituents  may  be  of  a  light  color 
which  neutralizes  the  dark  color  of  the  carbo- 
naceous material,  thereby  giving  an  incorrect  idea 
of  the  contents  of  the 'filter  in  question.  The 
weight  of  the  material  and  its  chemical  composi- 
tion constitute,  therefore,  the  only  reliable  guides 
to  an  understanding  of  its  character.  However, 
to  illustrate  the  coloring  or  blackening  property 
of  carbonaceous  material  and  of  clay  or  sand,  5 
grams  of  powdered  paving  block  were  placed  in 
a  glass  tube,  and  5  grams  of  finely  divided  soot 


were  placed  in  a  second  tube  of  identical  shape 
and  capacity.  From  fig.  83  it  is  clear  that  the 
coloring  powers  of  a  given  weight  of  soot  are  far 
greater  than  those  of  the  same  weight  of  powdered 
paving  block. 

As  the  work  progressed,  it  was  observed  that 
the  filters  used  in  tests  made  during  the  night 
generally  presented  a  darker  appearance  than 
those  used  in  tests  made  under  the  same  conditions 
at  the  same  point  during  the  day.  As  has  been 
stated,  however,  the  quantity  of  solids  contained 
in  the  samples  collected  during  the  day  was 
generally  greater  than  that  contained  in  the 
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FIG.  83.  COLORING  POWER  OF  SOOT.  Relative  Vol- 
umes of  Equal  Weights  of  Dry  Paving  Block  and  Soot.  Both 
Finely  Powdered. 


samples  collected  under  similar  «.n.|iti-,ns  during 
the  night.  The  dark  color  of  the  night  filters 
can,  therefore,  be  accounted  for  only  upon  the 
•iption  that,  during  the  night,  the  air  con- 
tained less  mineral  debris  and,  consequently,  a 
relatively  higher  amount  of  carbonaceous  or 
sooty  material,  than  during  the  day.  The  pres- 
ence of  a  large  proportion  of  such  substances  as 
sand  and  mineral  debris  in  the  solids  collected  dur- 
ing the  day  undoubtedly  tended  to  neutralize  the 
color  of  the  carbonaceous  material  and  thereby 
to  cause  the  day  filters  to  present  a  lighter 
appearance  than  the  night  filters.  Microscopical 
examinations  confirmed  these  facts. 

Microscopical  examination  of  the  contents  of 
filu-rs  was  not  undertaken,  until  the  investigation 
had  proceeded  for  some  time,  and  the  first  28 
samples  collected  were  not,  therefore,  used  in 
these  determinations.  Most  of  the  samples  exam- 
ined were  shown  to  possess  general  characteristics 
discernible  only  by  means  of  the  microscope. 
For  instance,  mineral,  animal  or  vegetable  debris 
of  unidentified  structure  was  noted  in  many  of 
the  samples,  and  generally  the  presence  of  minute 
spheres  of  fused  ash  was  detected.  The  presence 
of  ash  in  this  form  was  regarded  as  an  indication 
of  the  presence  of  fine  ash  floating  in  the  atmos- 
phere at  the  point  of  collection.  The  microscop- 
ical examinations  also  clearly  indicated  that  the 
condition  and  kind  of  paving  used  on  the  streets 
in  the  vicinity  of  the  point  of  collection  had 
an  important  influence  upon  the  composition  of 
the  solid  materials  detected  in  the  atmosphere. 
In  the  case  of  tests  made  in  the  vicinity  of  streets 
paved  with  wood  block,  considerable  quantities 
of  wood  fiber  were  detected  in  the  residue  from 
the  filters.  In  fact,  each  particular  kind  of 
paving  seemed  to  give  off  particles  of  dust,  the 
composition  of  which,  in  general,  corresponded 
to  the  composition  of  the  paving  material  itself. 

The  materials  noted  by  microscopical  examina- 
tion included  colored  fibers,  hair,  pollen,  cinders. 
s<x>t.  bits  of  coal,  bits  of  wood,  particles  of  slag, 
mineral,  animal  and  vegetable  debris,  and  numer- 
ous other  substances  from  a  multitude  of  sources. 

Photomicrographs  were  made  of  samples  of  the 
material  collected  at  various  points.  These  are 
shown  as  figs.  84  to  90,  inclusive. 

Photomicrographs  Nos.  i  and  3  of  fig.  84  show 
the  appearance  of  material  taken  from  the  filter 
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used  in  test  No.  134,  which  was  conducted  at 
poth  Street  and  Mackinaw  Avenue.  An  easterly 
wind  prevailed  at  the  time.  No.  i  was  made  with 
a  magnification  of  200  diameters  and  No.  2  with 
a  magnification  of  140  diameters.  It  will  be  noted 
that  certain  particles  of  the  material  shown  are 


transparent  and  resemble  broken  glass  in  their 
sharp  outline.  Photomicrograph  No.  3  of  fig.  84 
shows  the  appearance  of  a  fragment  taken  from 
the  filter  used  in  test  No.  112,  which  was  con- 
ducted at  a  point  near  the  lake  front  in  Grant 
Park.  The  magnification  is  400  diameters,  but 


1.    Magnification,:;_2007Diameters 
(Test  No.  134) 


2.    Magnification,  140  Diameters 
(Test  No.  134) 
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4.    Magnification,  325  Diameters 


3.    Magnification,  400  Diameters 
(Test  No.  112) 

FIG.  84.    PHOTOMICROGRAPHS  OF  SOLID  PARTICLES  COLLECTED  BY  MEANS  OF  FILTERS 
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•ubstancf  presents  the  same  general  appear- 
ance as  do  some  of  the  particles  illustrated  in 
photomicrographs  Nos.  i  and  2.  Photomicro- 
graph No.  4  of  fig.  84  shows  the  appearance  of 
material  collected  at  a  point  in  the  neighborhood 
of  ;i  steel  plant.  The  magnification  in  this  in- 


stance is  .us  diameters.  In  all  probability  the 
glassy  materials  evident  in  all  these  samples 
consisted  of  very  finely  divided  slag. 

Photomicrographs  Nos.  i  and  a  of  fig.  85  show 
the  appearance  of  materials  collected  in  test 
No.  130.  conducted  at  Chicago  Avenue  and 


1.    Magnification,  75  Diameters 
(Test  No.  130) 


2.    Magnification.  75  Diameters 
(Test  No.  130) 


. 


3.    Magnification.  110  Diameters  4.    Magnification.  30  Diameter* 

(Test  No.  92)  <T«t  No.  102) 

FIG.  85.    PHOTOMICROGRAPHS  OF  SOLID  PARTICLES  COLLECTED  BY  MEANS  OF  FILTERS 
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Halsted  Street.  The  atmosphere  at  the  time  of 
collection  obviously  contained  considerable  quan- 
tities of  dust.  The  magnification  in  each  case 
is  75  diameters.  The  presence  of  wood  fibers, 
cinders,  soot,  ashes  and  considerable  mineral 
debris  is  to  be  noted.  Photomicrograph  No.  3 
of  fig.  85  shows  the  appearance  of  material  col- 


lected in  test  No.  92,  which  was  conducted  at  a 
point  on  La  Salle  Street  between  Adams  and 
Monroe  Streets.  The  magnification  is  no  diam- 
eters. The  woody  tissue  present  in  this  sample 
probably  had  its  origin  in  the  wood  block  paving 
on  La  Salle  Street.  Photomicrograph  No.  4  of 
fig.  85  shows  the  appearance  of  material  collected 


1.    Magnification.  240  Diameters 
(Test  No.  46) 


2.    Magnification,  240  Diameters 
(Test  No.  64) 


4.    Magnification,  240  Diameters 


3.    Magnification,  240  Diameters 
(Test  No.  46) 

FIG.  86.    PHOTOMICROGRAPHS  OF  SOLID  PARTICLES  COLLECTED  BY   MEANS  OF  FILTERS 
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during  test  No.  102,  which  was  conducted  on 
Dearborn  Street  near  Adams  Street.  The  mag- 
nification 1330  diameters.  This  sample  contained 
animal  and  vegetable  fiber,  woody  tissue,  rindrrs, 
soot  and  mineral  debris. 

Photomicrographs  Nos.  i  and  3  of  fig.  86  show 
tlu  appearance  of  materials  taken  from  the  tilt  ITS 
used  in  test  No.  46,  which  was  conducted  at 


I'm. .11  Avcmic  ami  ;oth  Street.  The  large  parti- 
cle shown  in  No.  3,  with  the  white  spot  in  the 
(enter,  is  soot.  The  particles  showing  :i  tendency 
to  c-onchoidal  outlines  or  fractures  arc  bits  of  coal. 
The  partii -les  which  present  a  translucent  appear- 
ance consist  of  mineral  mattrr  to  which,  in  some 
cases,  particles  of  soot  are  adhering.  The  faintly 
outlined  fibers  are  cotton  fibers  from  the  filter. 


1.    Magnification,  Not  Recorded 


2.     Magnification.  Not  Recorded 


3.    Magnification,  Not  Recorded  4.    Magnification.  Not  Recorded 

FIG.  87.    PHOTOMICROGRAPHS  OF  SOLID  PARTICLES  COLLECTED  BY   MEANS  OF  FILTERS 
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Photomicrograph  No.  2  of  fig.  86  shows  the 
appearance  of  a  part  of  the  filter  used  in  test 
No.  64,  conducted  at  Chicago  Avenue  and  Hal- 
sted  Street.  The  lighter  half  shows  the  appear- 
ance of  the  inside  of  the  filter  shell.  The  pene- 
tration of  the  finely  divided  solids  into  the  close 
grained  texture  of  the  filter  paper  is  shown  by 
the  dark  appearance  of  the  right  hand  portion  of 
the  shell,  which  appears  vertically  across  the 
center  of  the  photomicrograph.  This  illustration 
serves  to  show  the  efficiency  of  this  type  of 
filter  for  removing  all  of  the  solid  materials  from 
the  air  which  passes  through  it.  Photomicro- 


graph No.  4  of  fig.  86  shows  the  appearance  of 
unbroken  particles  of  soot  which  were  collected 
from  various  filters.  It  was  found  very  difficult 
to  mount  these  specimens  for  photographing  with- 
out disintegrating  them  into  the  ultra-microscopic 
particles  of  which  they  are  aggregates. 

Photomicrograph  No.  i  of  fig.  87  shows  an 
animal  hair,  vegetable  fiber,  coarse  mineral  debris 
and  ash.  Photomicrograph  No.  2  of  fig.  87  shows 
a  mass  of  vegetable  and  organic  tissue  highly 
magnified.  Photomicrograph  No.  3  of  fig.  87  shows 
an  animal  hair,  while  No.  4  shows  coarse  miner- 
al debris.  The  thread-like  substance  extending 


1.    Magnification,  Not  Recorded 
(Test  No.  138) 


2.    Magnification,  Not  Recorded 
(Test  No.  152) 


3.    Magnification,  Not  Recorded 
FIG.  88.    PHOTOMICROGRAPHS  OF  SOLID  PARTICLES  COLLECTED  BY  MEANS  OF  FILTERS 
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s  the  photomicrograph  is  hair  and  the  sub-     Photomicrograph    N<>.    i   of   fig.   88   shows   the 
stance  resembling  a  starfish  is  a  bit  of  vegetable     appearance  of  a  sample  of  material  taken  from 


fiber 


the  filter  used  in  night  test  No.  153.  conducted  in 


Photomicrograph   No.    i   of  fig.  88  shows  the  Humtxildt  Park.     Part  of  an  insect  and  a  small 

characteristic  appearance  of  vegetable  fiber.    The  quantity   of  very   finely   divided    mineral   debris 

material  was 'collected  in  test  No.  138.  which  was  are  shown.     Photomicrograph   No.  3  of  fig.   88 
conducted   on  Clark  Street   near  the   postoffice.  |>ollen  collected  in  some  of  the  tests. 


\.    Magnification.  140  Diameters 
(Test  No.  51) 


2.    Magnification.  140  Diameters 
(Test  No.  53) 


3.    Magnification,  140  Diameters 
(Test  No.  33) 


4.     Ma 


km.  140  Diameters 
'at  No.  53) 


FIG.  89.    PHOTOMICROGRAPHS  OF  SOLID  PARTICLES  COLLECTED  BY  MEANS  OF  FILTERS 
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Photomicrograph  No.    i   of  fig.   89  shows  the  lected  in  test  No.  53.     No.  3  shows  pieces  of  coal, 

appearance  of  mold  taken  'from  the  filter  used  cinders,   soot,  ash,   vegetable  tissue  and  cotton 

in  night  test  No.  51,  conducted  at  Oakley  Ave-  fiber,  all  of  which  were  taken  from  the  filter  used 

nue  and  i8th  Street.     Photomicrograph  No.  2  of  in  test  No.  33,  conducted  at  Halsted  and  3gth 

fig.  89  shows  the  appearance  of  bits  of  crushed  streets.     Photomicrograph  No.  4  of  fig.  89  shows 

cinder,  mineral  matter  and  vegetable  tissue  col-  the  appearance  of  material  collected  in  test  No. 


1.    Magnification,  140  Diameters 
(Test  No.  37) 


2.    Magnification,  140  Diameters 
(Test  No.  44) 


*• 


3.    Magnification,  140  Diameters  4.    Magnification,  140  Diameters 

(Test  No.  53)  (Test  NO-  43) 

FIG.  90.    PHOTOMICROGRAPHS  OF  SOLID  PARTICLES  COLLECTED  BY  MEANS  OF  FILTERS 
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It  is  similar  to  that  shown  in  photomicro- 
graph No.  a.  The  magnification  of  all  photo- 
micrographs in  fig.  89  is  140  diameters. 

Photomicrograph  No.  i  of  fig.  90  shows  the 
appearance  of  material  collected  in  test  No.  37. 
o inducted  at  Washington  Boulevard  and  Ha 
Street.  The  illustration  shows  the  presence  of 
miiuTal  debris  and  vegetable  fibers.  Photomicro- 
graph No.  2  of  fig.  90  shows  the  appearance  of 
material  collected  in  night  test  No.  44.  conducted 
at  Marshfield  Avenue  and  4$th  Street.  Cotton 
fiber  from  the  filter,  finely  divided  soot,  min- 
eral debris,  bits  of  wood,  and  vegetable  fiber  are 
shown.  Photomicrograph  No.  3  of  fig.  90  shows 
the  appearance  of  materials  collected  in  test 
No.  53,  conducted  at  Kinzie  and  Clinton  streets. 
Photomicrograph  No.  4  of  fig.  90  shows  the 
appearance  of  a  bit  of  broken  coal  collected  in 
night  test  No.  43,  at  a  point  near  Emerald  Av- 
enue and  46th  Street. 

The  results  of  the  microscopical  examinations 
described  in  the  preceding  paragraphs  and  il- 
lustrated by  the  photomicrographs  presented, 
serve  to  emphasize  the  fact  that  much  of  the  dust 
and  solid  materials  present  in  the  atmosphere  of 
Chicago  is  of  non-fuel  origin.  A  study  of  related 
facts  seems  to  indicate  that  approximately  one- 
third  of  such  pollution  is  of  non-fuel  origin. 

113.17  Solid  Constituents  of  the  Atmosphere 
as    Indicated    by   Reports    of    Investigations    in 
Other  Cities:     Reported  values  with  reference  to 
the  solid  materials  contained  in  the  air  of  other 
cities  are,  in  nearly  all  cases,  expressed  in  units 
which  are  not  comparable  with  the  values  deter- 
mined  by   the   analyses   in   Chicago.     In    most 
other  cities  where  investigations  have  been  made, 
the  purpose  has  been  to  measure  the  quantity 
of  material  deposited  per  unit  of  area  in  a  given 
time.     Only  in  the  case  of  the  investigation  con- 
ducted at  Cleveland  were  the  results  expressed 
in  milligrams  per  cubic  meter.     The  values  re- 
ported for  Cleveland   varied   from    1.5   to  39.9 
milligrams  per  cubic  meter,  the  average  being 
14.3,  or  about  17  times  that  of  the  analyses  in 
Chicago.     It  is  obvious,  also,  that  the  values  for 
other  cities,   although  not  directly  comparable, 
are  relatively  high. 

113.18  Nitrous  Acid  (HNOa)  in  the  Atmos- 
phere as  Disclosed  by  Air  Analyses :  Determina- 
tions for  nitrous  acid  were  made  in  connection 


with  the  if.o  analyses  of  air  samples,  the  process 
employed  U-ing  that  hereinlx-fore  described  (sec- 
tion  113.12).  The  averages  of  the  values  ob- 
tained from  both  day  and  night  tests  for  each 
class  of  district  are  presented  as  table  CXXVI 

TABLE  CXXVI.     AVKRAOB  VALUES  POK   NITROUS   ACID   (UNO,, 
AS   DETERMINED    BY   AIR    ANALYSES 
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A  study  of  the  results  presented  in  table 
CXXVI  indicates  that  the  average  values  for 
nitrous  acid  contained  in  samples  collected  during 
the  day  exceeded  the  average  for  samples  col- 
lected during  the  night  in  all  classes  of  districts 
except  the  park  and  residence  classes.  The  reason 
for  this  difference  probably  lies  in  the  fact  that 
electricity  is  extensively  used  for  arc  lighting  at 
night  in  the  park  and  residence  districts.  On  the 
other  hand,  the  day  values  for  nitrous  acid  in  the 
loop  district  exceed  the  night  values,  a  condition 
probably  due  to  the  fact  that  the  quantity  of 
electricity  used  for  such  purposes  as  arc  lighting, 
and  propelling  electric  surface  and  elevated  cars, 
is  considerably  less  during  the  night  than  during 
the  day.  All  uses  of  electricity  in  which  an  arc 
is  produced  intermittently  or  continuously  serve 
to  produce  nitrous  acid. 

The  values  for  nitrous  acid  at  a  number  of 
locations  were  lower  for  the  day  tests  than  for  the 
night  tests.  Most  of  these  belonged  to  the  park 
and  residence  classes.  In  one  location  only,  in 
the  park  and  residence  classes,  did  the  day  values 
exceed  the  night  values,  this  exception  being  in 
the  case  of  a  point  of  collection  which  was  included 
in  both  of  these  classes  of  location.  For  all  the 
other  classes  of  location,  there  were  only  four 
instances  in  which  the  night  values  for  nitrous 
acid  exceeded  the  day  values,  one  of  these  being 
in  the  case  of  a  location  near  the  lake  front. 

113.19  Nitrous  Acid  HNOa  Content  of  the 
Atmosphere  as  Indicated  by  Reports  of  Inves- 
tigations in  Other  Cities:  The  values  reported 
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for  other  cities,  with  reference  to  the  nitrous  acid 
content  of  the  atmosphere,  are  not  comparable  with 
the  results  of  the  analyses  conducted  in  Chicago. 

1 13.20    Ammonia  (NHs)  Present  in  the  Atmos- 
phere of  Chicago  as  Disclosed  by  Air  Analyses: 

Determinations  for  ammonia  were  made  in  con- 
nection with  the  analyses  of  air  samples  accord- 
ing to  the  process  hereinbefore  described  (section 
113.12).  The  averages  of  the  values  obtained 
from  both  the  day  and  the  night  tests  for  each 
class  of  district  are  presented  as  table  CXXVII. 
From  the  values  presented  in  table  CXXVII, 
it  may  be  noted  that  the  average  results  for  am- 
monia in  samples  collected  during  the  day  did  not 
cover  as  wide  a  range  of  values  as  did  the  results 
of  the  night  tests.  The  ammonia  content  of  the 
atmosphere  was  generally  higher  in  playground, 
residence  and  industrial  districts  than  in  other 
localities.  In  general,  the  ammonia  content  in- 
creased directly  as  the  distance  of  the  point  of 
collection  from  the  loop  district.  Two  explana- 
tions are  offered  for  the  relatively  low  values  for 
ammonia  in  the  loop  district;  first,  the  presence 
of  large  quantities  of  sulphur  and  other  acids  in 
the  loop  district  may  be  responsible  for  the 
formation  of  certain  salts  which  could  easily  be 
intercepted  by  the  filter  and  not  admitted  into 
the  solutions,  the  presence  of  such  salts  being 
noted  in  qualitative  tests;  second,  there  is  less 
organic  matter,  the  decaying  of  which  produces 
ammonia,  present  in  the  centers  of  intense  busi- 
ness activity,  such  as  the  loop  district,  than  is 
generally  found  in  residential  or  park  districts. 
In  the  case  of  industrial  districts,  ammonia  may 
arise  both  from  the  decay  of  organic  matter  and 
from  certain  industrial  activities  in  which  it  is 
used  or  produced. 


TABLE  CXXVII.     AVERAGE  VALUES    FOR    AMMONIA    (NH8)    AS 
DETERMINED  BY  AIR  ANALYSES 


Milligrams  per  Cubic  Meter 

Districts 

No.  Tests 

Ammonia 

(NH») 

Districts 

No.  Tests 

Ammonia 
(NH3) 

Country 

6  Day 
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Mixi-d 
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20  Day 

0.00835 

Park 

20  Day 

0.00802 

5  Night 
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4  Night 
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0.01049 

All 

0.00881 

Playground 

6  Day 

0.01035 

Boulevard 

10  Day 

0.00791 

3  Night 

0.01615 

5  Night 

0.01325 

All 

0.01117 

All 

0.00969 

Residence 

24  Day 

0.00916 

Railroad 

39  Day 

0.00728 

9  Night 

0.02243 

14   Night 

0.01029 

All 

0.01278 

All 

0.00807 

Industrial 

26  Day 

0.01160 

Loop 

26  Day 

0.00556 

9  Night 

0.02237 

7  Night 

II    (KlliWI 

All 

0.01437 

All 

0.00585 

It  should  be  noted  that  the  ammonia  values 
varied  directly  with  the  temperature,  the  lower 
values  being  recorded  at  the  lower  temperatures. 
All  of  the  night  tests,  for  which  records  are  given, 
were  made  at  temperatures  above  53  degrees 
Fahrenheit,  so  that  the  effect  of  the  temperature 
in  the  case  of  night  values  is  not  so  apparent  as 
in  the  case  of  day  values;  the  temperature  at  the 
time  of  day  tests  varied  from  9  degrees  Fahren- 
heit to  the  high  summer  values. 

113.21  Ammonia  (NHs)  Content  of  the  Atmos- 
phere as  Disclosed  by  Reports  of  Investigations 
in   Other   Cities:    The   reported   values   of  the 
ammonia   content   of   the   atmosphere   of  other 
cities  appear  to  be  many  times  higher  than  the 
values  determined  by  the  air  analyses  in  Chii 
although  results  are  generally  expressed  in  units 
which  are  not    directly    comparable    with    those 
employed  in  Chicago. 

113.22  Chlorin    (Cl)    in    the    Atmosphere   as 
Determined   by   Air   Analyses:     Determinations 
for  chlorin  were  made  in  connection  with  the 
analyses  of  air  samples,  the  process  employed  be- 
ing that  hereinbefore  described  (section  113.12). 
The  average  values  obtained  from  both  the  day 
and  the  night  tests  in  each  class  of  location  are 
presented  as  table  CXXVIII. 

TABLE   CXXVIII.     AVERAGE   VALUES   FOR   CHLORIN    (Cl)    AS 
DETERMINED    BY   AIR   ANALYSES 


Milligrams  per  Cubic  Meter 

Districts 

No.  Testa 

Chlorin 
CO) 

Districts 

No.  Testa 

1  'hi.  inn 

(Cl) 

Country 
Park 

6  Day 

_'<i  Du 
4  Nil-lit 
All 

0.0253 

0.0715 
0.0375 
0.0658 

Mixed 

•li-nce 

20  Day 

4    Night 
All 

0.1438 
0.1012 
0.1291 

Playground 

6  Day 

3  Night 
All 

0.0908 

II     MSll 

0.0887 

Boulevard 

10  Day 
5  Night 

All 

n  i  r.i* 

Residence 

24  Day 

M     NJAl 

All 

0.0715 
0.1148 
n  0631 

Railroad 

36  Day 
14  Night 
All 

0.1490 
0.1146 
0.1394 

Industrial 

26  Day 
9  Night 
All 

0.1291 
0.1147 

n    IJ.M 

Loop 

26  Day 
7  Night 
All 

0.2434 

II  Itt):-, 

n  JIH; 

A  study  of  the  results  presented  by  table 
CXXVIII  indicates  that,  in  all  classes  of  districts 
except  the  residence  class,  the  values  for  chlorin 
varied  inversely  as  the  distance  of  the  point 
of  collection  from  the  loop  district;  or,  in  other 
words,  that  the  content  of  chlorin  detected  in 
the  atmosphere  was  higher  near  the  centers  of 
activity  than  in  the  outlying  districts.  The 
amount  of  chlorin  present  in  the  samples  which 
were  collected  during  the  day  was  larger  than 
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that  present  in  the  samples  collected  during  the 
it,  in  all  classes  of  districts  except  the  reri- 

class. 

There  were  14  locations  at  which  the  day  results 
chlorin  were  lower  than  the  night  results. 
of  this  number  were  residence  locations;  one 
was  a  point  on  the  lake  front  at  which  an  east 
wind  prevailed  at  the  time  of  collection;  one  was 
park  location;  two  were  industrial  locations; 
two  were  railroad  locations;  and  two  were  loop 
locations.  There  were  only  eight  night  tests  con- 
ducted in  residence  districts,  and  of  the  three 
which  did  not  yield  lower  results  for  the  day  than 
for  the  night,  one  test  showed  no  chlorin  either 
for  night  or  for  day  and  the  other  two  showed 
only  slightly  higher  values  for  the  day  than  for 
the  night. 

113.23  Chlorin  (CD  Content  of  the  Atmosphere 
as  Disclosed  by  Reports  of  Investigations  in  Other 
Cities:    Data  from  which  a  comparison  may  be 
drawn  between  the  chlorin  content  of  Chicago's 
atmosphere  and  that  of  the  atmosphere  of  other 
cities  are  not  available. 

113.24  Amount  of   Sulphuric  Acid   (H2SO4) 
Present  in  the  Atmosphere  as  Determined  by 
Air  Analyses:    Determinations  for  sulphuric  acid 
were  made  in  connection  with  the  analyses  of  air 
samples   according   to   the   process   hereinbefore 
described    (section    113.12).      The  values  which 
were  thus  obtained  for  both  the  night  and  the 
day  tests  for  each  class  of  location  are  presented 
as  table  CXXIX. 

TABLE  CXXIX.    AVERAGE  VALUES  FOR  SULPHURIC  ACID 
(HjSO,i    AS   DETERMINED    BY   AIR   ANALYSES 


Milligrams  per  Cubic  Meter 

Sulphuric 

-Sulphuric 

Dutriou 

No.  Teats 

Acid 

District* 

No.Te.tt 

• 

(H(dO4) 

(H,ao«) 

8  Day 

0.069  1!       Mixed 
B*Ma»M 

20  Day 

0  642 

Park 

20  Day 

4  Night 

0.218 
0.219  - 

S  Night 

:- 

All 

0.217 

Playground 

6  Day 

0.477 

Boulevard 

10  Day 

0  639 

3  Night 
AU 

0.354 
0.439 

4  Ni«ht 

0.9<M 

Randencc 

24  Day 

0.364 

Railroad 

37  Day 

- 

••  v  - 

O.StH)  1                                 14   Night 
0.417  ,|                                       All 

•• 
0  681 

Induatrial 

26  Day 

0.6o6  !       Loop 

1.104 

9  Night 

i' 

7  Night 

O.423 

Ml 

0.5171                                    All             O.tm 

The  content  of  sulphuric  acid  in  the  atmos- 
phere, as  shown  by  the  results  of  day  tests,  was 
generally  higher  in  the  vicinity  of  the  loop  dis- 
trict than  in  the  outlying  districts.  The  day 
values  in  most  districts  were  higher  than  the  corre- 


sponding night  values,  an  exception  to  this  rule 
occurring  in  the  case  of  the  residence  districts. 
The  fact  that  the  night  values  in  the  residence 
districts  were  generally  higher  than  the  day  values 
may  be  accounted  for  by  the  fact  that  the  relative 
humidity  is  gnu-rally  higher  and  the  wind  velocity 
lower  at  night  than  during  the  day.  This  con- 
dition of  the  atmosphere  causes  a  dampness  and 
stagnation,  so  that  the  sulphuric  acid  is  retained 
instead  of  being  dissipated  as  is  the  case  with  a 
more  pronounced  wind  movement  or  a  lower 
humidity.  In  the  case  of  railroad  locations  it 
may  be  noted  that  the  values  for  night  tests 
were  generally  lower  than  those  for  day  tests,  a 
condition  which  may  be  attributed  to  the  relative 
traffic  activities  of  the  day  and  the  night,  the 
night  test  usually  covering  the  period  from  mid- 
night to  7:00  A.M.,  during  which  comparatively 
few  trains  are  in  motion.  In  the  case  of  the  loop 
district  the  night  values  for  sulphuric  acid  were 
considerably  lower  than  the  day  values,  a  con- 
dition probably  due  to  the  fact  that  there  is,  on 
the  whole,  a  lower  rate  of  fuel  consumption  dur- 
ing the  night  than  during  the  day.  Of  the  nine 
tests  made  for  sulphuric  acid  in  the  residence 
districts  at  night,  seven  showed  higher  values 
than  the  corresponding  day  tests.  Of  these 
seven,  four  were  conducted  at  a  time  when  the 
humidity  and  wind  velocity  were  lower  than  for 
the  corresponding  day  tests,  and  three  were  taken 
under  weather  conditions  essentially  the  same  as 
those  obtaining  for  the  corresponding  day  tests. 

113.25  Sulphuric    Acid     H2SO4     Content  of 
the    Atmosphere    as    Disclosed    by    Reports    of 
Investigations    in    Other    Cities:     The    reported 
values  for  the  sulphuric  acid  content  of  the  atmos- 
phere of  other  cities  are  materially  higher  than 
those  for  Chicago's  atmosphere,  except  in  the  case 
of   Hamburg,    Germany,    where    the   values  are 
about  one-tenth  as  high  as  those  for  Chicago. 

113.26  Carbon  Dioxid  (COa)  in  the  Atmos- 
phere  as   Determined   by   Air   Analyses:     The 
apparatus  by  means  of  which  determinations  for 
carbon  dioxid  were  made  was  not  available  until 
August  20,   1912.     The  results  obtained  by  the 
apparatus  employed  previous  to  that  date  were 
incorrect,   the  values  being   considerably   lower 
than  those  subsequently  obtained  with  the  more 
improved  apparatus.     Determinations  for  carbon 
dioxid  were  made  in  a  total  of  120  tests.  93  of 
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which  were  conducted  during  the  day  and  27 
during  the  night.  The  average  values  obtained 
from  these  determinations  for  both  the  day  and 
night  tests  in  each  class  of  location  are  presented 
as  table  CXXX. 

A  study  of  values  presented  by  table  CXXX 
indicates  a  tendency  for  the  content  of  carbon 
dioxid  in  the  atmosphere,  as  determined  by  the 
day  tests,  to  vary  directly  as  the  distance  of 


the  point  of  collection  from  the  loop  district.  In 
general,  this  variation  corresponds  to  that  noted 
in  the  case  of  other  substances.  The  night  val- 
ues for  carbon  dioxid  do  not  seem  to  follow  any 
definite  rule  with  reference  to  the  location  of  the 
point  of  collection,  the  highest  average  night  val- 
ues having  been  noted  in  the  residence  districts. 
As  compared  with  the  day  values,  the  night  val- 
ues decrease  in  the  centers  of  business  activity 
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FIG.  91.    AVERAGE  RESULTS  OF  ANALYSES  OF  SAMPLES  OF  AIR 
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TABLK   CXXX.     AVERAGE   VALUES    FOR    C  ARIIDN    WuXID 
(CO,)   AS    DETERMINED    BY   AIR    ANALYSES 


I'arl« 

,..  ,    IO.IWU 

•H-U 

No.  TeaU 

Cltrlnill 

Di.ln.-l, 

Nn.   1  .  .1. 

<  '«rlK>ii 

.try 

II  Day 

3    17 

Mind 

1.-.   Day 

Is 

1 

4    V,l.l 
All 

t\ 

Park 

1  pu 

Boulevard 

7   l'.\ 

,  i 

4    N,|thl 
All 

•I   l's 

.1    Ninl.l 

Air 

!    .; 

Playcromi.l 

.;  u 

Hailruad 

31  Day 

2  Ni*-i,i 

1»   Niiht 

All 

:i  is 

XII 

.; 

fteaklenre 

.1  in 

Loop 

•t!  Day 

1   s| 

4   NiKl.t 
All 

:i  117 

.   u. 

1,    S,«l,t 

1  1" 

Industrial 

19  Day 

3.30 

7  Nit-ht 

All 

3.51 

;    HI 

TARLK  <  XXXI      SUMMARY  DP  RESULTS  OP  DETERMINATION! 
KOR  S.II.IDS.   NirRuU.H  ACID.  AMMONIA.  '  Id. 
SULPHUR  I'     A(  ID  AND  CARBON   DlDXID 


id  increase  in  the  residence  districts,  thereby 
indicating  a  tendency  to  follow  the  movement  of 
UK-  i>eople.  It  is  probably  true  that  the  rate  of 
combustion  of  fuel  in  the  centers  of  business  activ- 
ity is  lower  during  the  night  than  during  the 
day.  while  in  the  residence  districts  the  reverse 
is  true. 

The  highest  value  for  carbon  dioxid  noted,  in 
the  total  of  120  tests,  was  4.72  parts  per  10,000, 
this  being  the  average  of  the  several  determina- 
tions made  in  the  test  in  question.  It  is  apparent, 
therefore,  that  the  range  of  values  is  compara- 
tively slight,  the  lowest  result  being  2.44  parts 
per  10,000.  In  no  case  was  carbon  dioxid  found 
present  in  a  sufficient  amount  to  cause  the  slight- 
est injury  or  inconvenience  to  persons. 

113.27  Carbon  Diozid  (COz)  Content  of  the 
Atmosphere  as  Disclosed  by  Reports  of  Investiga- 
tions in  Other  Cities :     The  carbon  dioxid  content 
of  the  atmosphere  as  reported  by  many  cities  does 
not  appear  to  vary  materially,  the  values  reported 
for  other  cities  corresponding  very  closely  to  those 
resulting  from  the  analyses  in  Chicago. 

113.28  Summary  of  Results :     Determinations 
were   made   in   a  total  of    160   tests    for    solids, 
nitrous  acid,  ammonia,  chlorin  and  sulphuric  acid. 
Determinations  were  made  in  a  total  of  1 20  tests 
for  carbon  dioxid.     The  results  for  each  of  these 
substances  have  been  presented  in  the  preceding 
sections.     With  the  exception  of  ammonia,   the 
general  tendency  of  all  substances  is  to  increase 
in    value    as    the    loop    district    is    approached. 
A   Mimmary  of   the   averages   of   the   results   of 
all    the   tests,   from  which  comparisons  may  be 
drawn  between  the  values  for  the  different  sub- 
stances  and  for   different    classes  of   district,   is 

as  table  CXXX  I. 
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The  average  values  of  solids,  nitrous  acid, 
ammonia,  chlorin  and  sulphuric  acid,  for  each 
class  of  location,  are  shown  in  relation  to  each 
other  in  fig.  91. 

A  study  of  these  results  does  not  yield  any 
very  significant  facts  regarding  the  relationship 
between  the  different  substances.  For  instance, 
nitrous  acid  and  ammonia  do  not  seem  to  bear 
any  special  relation  to  each  other.  In  some  in- 
stances the  values  for  these  two  substances  may- 
be parallel  in  a  considerable  number  of  tests,  while 
in  other  instances  an  increasing  value  for  nitrous 
acid  may  accompany  a  decreasing  value  for  am- 
monia. The  ammonia  results,  when  presented 
diagrammatic-ally  in  connection  with  recorded 
temperatures,  indicate  a  tendency"  to  vary  directly 
with  the  temperature.  In  general,  therefore,  it 
may  be  said  that  the  amount  of  ammonia  pres- 
ent in  the  atmosphere  depends  largely  upon  the 
temperature.  Certain  exceptions  were  noted  to 
this  general  rule,  as  for  instance,  in  test  No.  139, 
in  which  a  comparatively  low  ammonia  value  was 
recorded  at  a  relatively  high  temperature.  The 
values  for  nitrous  acid,  particularly  in  the  case  of 
the  loop  tests,  show  a  similar  variation  with  tem- 
perature. This  relation  does  not  seem  to  exist, 
however,  in  tests  made  at  night  or  during  a  rain. 

113.29  Conclusions  to  be  Drawn  from  the  Re- 
sults of  Air  Analyses:  The  results  obtained  from 
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the  numerous  chemical  and  physical  analyses 
of  air  samples  hereinbefore  described  justify  the 
following  conclusions: 

1.  In  general,  those  polluting  constituents 
of  the  atmosphere  which  are  regarded  as  being 
most  objectionable  consist  largely  of  solid 
particles  which  serve  to  soil  or  injure  build- 
ings  and   materials   of   every   sort.     These 
constituents  have  their  origin  largely  in  the 
combustion  of  fuel,  and  appear  in  the  form 
of   distillates   of    coal,   unconsumed    carbo- 
naceous material  or  ash.     Ash  in  the  atmos- 
phere is  practically  devoid  of  color  and  its 
presence  is  not  readily  identified.     It  is  not 
as  detrimental  or  apparent  in  its  effects  upon 
material  objects  as  are  the  sooty  or  carbo- 
naceous materials.  • 

2.  The  quantity  of  solid  materials  in  the 
atmosphere   of   Chicago   varies   from   0.321 
to  1.958  milligrams  per  cubic  meter.     Values 
of  record  for  other  cities  are  not  numerous 
and,  except  in  a  few  cases,   are  expressed 
in  units   which  will  not  permit  them  to  be 
compared  with  those  determined  by  tests  in 
Chicago.     In  Cleveland,  values  have  been  de- 
termined which  vary  from  1.5  to  39.9  milli- 
grams per  cubic  meter,  the   average  being 
14.3  milligrams. 

3.  The  solid  materials  or  particles  present 
in  the  atmosphere  of  Chicago  include  not  only 
solid  products  of  combustion,  but  also  mineral, 
vegetable  and  animal  debris.     The  evidence 
based  upon  atmospheric  analyses  is  to  the 
effect  that  all  sources  of  dust  contribute  to 
the  pollution  of  the  atmosphere. 

4.  The   content   of   carbon   dioxid   in   the 
atmosphere    of    cities,    as   disclosed   by   the 
reports    of    many    investigations,    does    not 
appear  to  vary  materially.     The  values  de- 
termined  for   this   substance,  from   samples 
taken  of   Chicago's   atmosphere,   correspond 
very  closely  to  those  reported  for  other  large 
cities. 

5.  Carbon  monoxid,  while  in  itself  a  poison- 
pus   gas,    does   not   ordinarily  constitute  an 
important  element  in  atmospheric  pollution. 
No  determinations  of  this  gas  were  made  in 
connection  with  the  air  analyses  in  Chicago. 
Values  resulting  from  tests  conducted  in  Paris 
and  in  Berlin  indicate  the  presence  of  only 
minute  quantities  of  it. 


6.  The  ammonia  content  of  the  atmosphere 
of  Chicago  is  small.     The  values  reported  for 
other  cities  are  many  times  greater  than  those 
for  Chicago. 

7.  Chlorin  is  not  present  in  the  atmosphere 
of  Chicago  in  sufficient  quantities  to  have 
any  significance  except  as  an  indication  of 
local  conditions.     Data  from  which  compar- 
isons may   be   drawn   between   the   chlorin 
content  of  Chicago's  atmosphere  and  that 
of  other  cities  are  not  available. 

8.  The  gaseous  compounds  of  sulphur  are 
products  of  combustion,  and  in  the  atmos- 
phere of  Chicago  they  vary  from  a  minimum 
average  of  0.217  to  a  maximum  average  of 
1.104    milligrams    per    cubic    meter.       The 
values  reported   for  other  cities,    so   far   as 
obtainable,  are  materially  higher,  except  in 
the  case  of  Hamburg,  Germany. 

9.  Sulphur  compounds,  which  eventually 
are  converted  into  sulphuric  acid,  are,  from 
the    standpoint    of    atmospheric    pollution, 
the  most  objectionable  gaseous  products  of 
combustion.     Sulphuric  acid  tends  to  exert 
an  important  influence  in  the  disintegration 
of  building  materials  of  all  kinds,  and  pro- 
duces  deleterious   effects    upon   furnishings, 
clothing  and  merchandise. 

10.  With    reference    to    the    geographical 
distribution  of  polluting  substances  in  Chi- 
cago's atmosphere,   it   may  be  stated  con- 
clusively  that  the  pollution   is  greatest   in 
those  localities  where  the  greatest  industrial 
activities   prevail.     The   atmosphere  in   the 
loop    district    and    in    the   neighborhood   of 
railroad  terminals  is  more  seriously  polluted 
than  that  of  outlying  districts. 

11.  A   comparison   of   the   results   of  the 
Committee's    investigation    with    those    ob- 
tained in  other  cities  indicates  that  the  de- 
gree of  pollution  present  in  Chicago's  atmos- 
phere is  not  greater  than  that  of  most  other 
metropolitan  centers;   on   the  contrary,   the 
atmosphere    of    Chicago    is,   on   the   whole, 
freer  from  polluting  constituents  than  is  the 
atmosphere  of  many  other  of  the  world's 
large  cities. 

12.  The  polluting  constituents  of  the  at- 
mosphere  have   their  origin  in  many  kinds 
of  industrial  activity.     The  combustion  of 
fuel  is  responsible  for  only  a  portion  of  the 
polluting  substances  present  in  the  air. 
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CONCLUSIONS  AS  TO  THE  NECESSITY  FOR  THE  ELECTRIFICATION 
OF  CHICAGO'S  RAILROAD  TERMINALS  AS  A  MI   \\-  IN 

SMOKE  ABATi  Ml  NT 


SYNOPSIS:  The  Committee's  investigations  reported  in  the  preceding  chapters  have  had  for 
their  purpose  the  determination  of  the  extent  to  which  products  of  combustion  are  responsible 
for  atmospheric  pollution  in  Chicago.  In  these  studies  particular  attention  has  been  directed 
to  the  contribution  of  the  steam  locomotive  to  such  pollution.  It  has  been  recognized  that,  if  the 
elimination  of  the  steam  locomotive  from  Chicago  would  bring  about  an  appreciable  reduction 
in  atmospheric,  pollution,  electrification  could  be  urged  as  a  means  in  smoke  abatement.  Thin 
chapter  summarizes  the  results  of  the  Committee's  studies  relating  to  smoke  and  atmospheric 
pollution  and  considers  the  significance  of  the  facts  in  their  relation  to  the  proposal  to  electrify 
Chicago's  railroad  terminals. 


114.01  The  Proposal:   The  elimination  of  the 
stt-am  locomotive  from  Chicago,  as  a  means  in 
smoke  abatement,  has  been  many  times  proposed. 
Sources  from  which  the  proposal  has  originated 
have  changed  from  time  to  time.     It  has  been 
discussed  by  various  clubs,  it  has  been  the  sub- 
ject of  many  addresses,  and  it  has  been  studied 
and  reported  upon  by  expert  committees.     The 
underlying    purpose    has    always   been   that   of 
smoke    abatement.     Its    consideration    at    once 
raises  the  question  as  to  what  would  be  accom- 
plished in  smoke  abatement  by  the  means  pro- 
posed.    Upon  this  point,  the  investigations  of  the 
Committee  permit  a  quantitative  response. 

1 14.02  Substitutes  for  the  Steam  Locomotive : 

Any  proposal  to  eliminate  the  steam  locomotive 
from  the  railroad  terminals  of  Chicago  pre- 
supposes the  substitution  of  some  other  form  of 
power.  It  is  important,  first,  to  consider  what 
substitutes  are  available  at  the  present  time. 

The  various  forms  of  self-contained  motive- 
power  units,  such  as  the  internal  combustion  lo- 
comotive, the  compressed  air  locomotive,  the  hot 
water  locomotive  and  the  electric  storage  battery 
locomotive,  have  been  studied,  and  the  extent 
to  which  each  form  is  likely  to  prove  serviceable 
under  conditions  prevailing  in  Chicago  has  been 
made  the  subject  of  a  careful  analysis  (chapter 
204).  A  general  conclusion,  based  upon  an  ex- 
tensive study  of  this  aspect  of  the  subject,  is  to 
the  effect  that  there  is  available  at  this  time 
no  form  of  locomotive,  carrying  its  own  power. 


capable  of  handling  all  the  traffic  of  the  Chicago 
railroad  terminals,  which  could  be  substituted  for 
the  steam  locomotive,  and  there  is  no  prospect  of 
the  immediate  development  of  any  such  locomo- 
tive. The  elimination  of  the  steam  locomotive 
from  the  railroad  terminals  of  Chicago  would 
therefore,  under  present  conditions,  necessitate 
the  introduction  of  electric  locomotives  ener- 
gized from  a  fixed  power  station  through  some 
form  of  continuous  contact  system;  that  is,  it 
would  necessitate  the  complete  electrification  of 
the  terminals. 

The  significance  of  the  proposal  to  electrify 
the  railroad  terminals  of  Chicago,  as  it  appears 
in  the  extent  and  variety  of  service  to  be  per- 
formed, in  the  character  of  the  technical  problems 
to  be  solved,  in  the  costs  involved  and  in  the 
operating  results  to  be  secured  thereby,  is  such  as 
to  justify  most  careful  inquiry  before  any  plan 
for  complete  electrification,  as  a  means  in  smoke 
abatement,  is  accepted. 

114.03  The  Factors  in  the  Problem:  Before 
attempting  an  analysis  of  numerical  values,  it 
will  be  of  interest  to  consider  briefly  the  nature 
of  the  more  important  factors  entering  into  the 
problem.  These  are  three  in  number,  and  may 
be  defined  briefly,  as  follows: 

i.  The  smoke  discharges  from  the  steam 
locomotive  constitute  a  definite  source  of  at- 
mospheric pollution.  The  fundamental  factor 
is  that  of  determining  the  percentage  of  the 
total  smoke  of  Chicago  which  is  contributed 
by  the  steam  locomotive. 
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2.  The  electric  operation  of  Chicago's  railroad 
terminals  must  depend  upon  the  existence  and 
operation   of  steam   driven   electric  generating 
stations.     Such  stations  must  burn   coal,   and 
this  will  give  rise  to  smoke.     The  complete  elim- 
ination of  the  steam  locomotive,  therefore,  while 
serving  to  free  the  atmosphere  of  Chicago  from 
all  locomotive  smoke,  must  lead  to  the  intro- 
duction of  new  sources  of  smoke  in  the  form  of 
power  stations.     The  benefits  in  smoke  abate- 
ment lie  in  the  difference  between  the  amount 
of  smoke  made  by  steam  locomotives  and  that 
which  will  be  made  by  the  electric  power  stations. 

3.  Smoke  is  not  the  only  polluting  constituent 
of    Chicago's    atmosphere.     Since    atmospheric 
dirt  arises  from  other  sources,  a  given  reduction 
in  the  amount  of  smoke  will  not  produce  an  equal 
reduction  in  the  amount  of  atmospheric  dirt. 
If  all  the  smoke  of  Chicago  were  eliminated,  there 
would  still  be  dirt  in  Chicago's  atmosphere. 

With  this  understanding  of  the  general  problem, 
it  will  be  of  interest  to  note  the  quantitative  meas- 
ures of  the  several  effects  considered  as  set  forth 
by  the  investigations  of  the  Committee. 

114.04  Steam  Locomotives  and  Atmospheric 
Pollution:  The  contributions  of  the  steam  loco- 
motive to  the  pollution  of  Chicago's  atmosphere 
have  already  been  set  forth  (chapter  106). 
Pollution  appears  in  the  form  of  visible  smoke, 
in  the  form  of  the  solid  constituents  of  smoke 
which  include  soot,  dust  and  particles  of  fuel  and 
ash,  and  in  the  form  of  gaseous  products  of 
combustion.  The  contributions  to  atmospheric 
pollution  of  all  steam  locomotives  in  Chicago, 
in  their  relation  to  the  contributions  of  all  other 
fuel  consuming  services,  are  briefly  set  forth  by 
table  CXXXII. 


TABLE  CXXXII.     PERCENTAGE  OF  THE  TOTAL  SMOKE  OF   CHI- 
CAGO WHICH   IS  PRODUCED  BY  STEAM   LOCOMOTIVES 
AND  BY  ALL  OTHER  SERVICES  COMBINED 


Service 

Form 

Steam 
Locomotives 

22.06 

All  Excepting 
Steam 
Locomotives 

7794 

All 
100.00 

7.47 

92.53 

10II.IKI 

Gjtsi'oiis  products  of  combustion  .  .  . 

in  ,;i 

si.  H!l 

100.00 

114.05    Electric    Operation    of    the    Railroad 
Terminals  of  Chicago  and  Atmospheric  Pollution: 

The  operation  of  steam  locomotives  within  the 
city  of  Chicago  during  the  year  1912  involved  the 
use  of  2,099,044  tons  of  coal.  From  data  else- 
where presented  (chapter  211)  it  can  be  shown 
that  the  introduction  of  electric  operation,  to 
the  extent  necessary  to  permit  the  removal  of  all 
steam  locomotives  from  the  territory  within  the 


city  limits,  would  involve  the  consumption,  in 
electric  power  generating  stations,  of  807,762 
tons  of  .coal.* 

The  high  pressure  steam  boiler  service  now  con- 
sumes 7,316,257  tons  of  coal  a  year  (chapter  104). 
The  increase  in  the  consumption  of  this  service 
due  to  complete  electrification  would  therefore  be : 
807,762 

—  x  100  =  1 1.04  per  cent 
7.3'6,257 

The  contributions  of  the  high  pressure  steam 
boiler  service  to  the  pollution  of  the  atmosphere, 
on  the  basis  of  present  fuel  consumption,  have 
already  been  set  forth  (chapter  108),  as  follows: 

Visible  smoke   .      .  44.49  per  cent  of  the  total  from  all  soun 

Solid  constituents 

of  smoke  .  .  19.34  Per  <xn^  °f  the  total  from  all  sources. 

Gaseous  constitu- 
ents of  smoke  .  44.96  per  cent  of  the  total  from  all  s< " 

If  it  could  be  assumed  that  the  new  power 
station  required  for  the  electric  operation  of 
Chicago's  railroad  terminals  would  discharge 
smoke  possessing  all  the  characteristics  of  the 
smoke  discharged  by  the  average  high  pressure 
steam  boiler  plant,  the  effect  of  electrification 
would  be  to  increase  the  amount  of  smoke  dis- 
charged by  the  high  pressure  steam  boiler  service 
by  ii  .04  per  cent. 

Such  an  assumption,  however,  is  not  entirely 
justified.  It  is  reasonable  to  assume  that  a  large 
electric  power  station  erected  for  the  operation 
of  the  Chicago  railroad  terminals  would  conform 
to  high  standards  of  construction  and  would 
give  a  better  performance  in  operation  than 
that  of  the  average  of  all  existing  high  pressure 
steam  power  plants.  This  assumption  justifies 
the  following  procedure. 

The  visible  smoke  discharged  by  the  high 
pressure  steam  boiler  service  of  Chicago  has 
an  average  density  of  10.42  per  cent.  But  the 
records  of  the  Committee  show,  also,  that  the 
average  density  of  visible  smoke  emitted  from 
the  stacks  of  an  existing  electric  power  station  in 
Chicago  is  only  4 . 26  per  cent,  and  it  is  believed 
that  the  operation  of  a  new  plant,  erected  for  the 

*  Coal  consumption  for  electric  power  is  obtained  as  follows: 
Estimated  energy  required  at  the  power  station  switchboard  each  24  hours, 
ii.ooq-volt  a.  c.  system.  1,765.200  kilowatt-hours. 

Estimated  coal  consumption,  2.5  pounds  per  kilowatt-hour  at  switchboard. 
Therefore. 


2.5  X  I,76S.2OO 


-  2,207  tons  per  day 


2,000 

Coal  consumption  for  electric  power  for   1912,  2,207  x  366  -807,762  t< 
that  is,  this  quantity  of  fuel  must  be  added  to  the  total  now   burned   in    al 
services  except  the  locomotive  service  to  sustain  the  electric  operation  of  tl 
railroads. 
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•  4.34  per  cent 


of  electrification,  would  l>e  attended  l.\ 
the  emission  of  visible  smoke  of  not  more  than 
4  PIT  cent  density.  Upon  this  basis  the  increase 
in  visible  smoke,  due  to  an  increase  of  11  .o.|  per 
cent  in  the  amount  of  coal  burned  under  high 
pressure  steam  boilers,  would  be: 

.  1 104 x.  04 
.104.? 

It  is  not  possible  to  segregate,  from  the  records 
of  the  Committee,  the  performance  of  any  large 
eleetrie  power  station  with  reference  to  the  solid 
and  gaseous  constituents  of  smoke,  and  an  ex- 
amination of  the  results  of  tests  made  on  many 
types  of  high  pressure  steam  boilers  does  not 
indicate  any  law  by  which  these  elements  of  the 
smoke  of  the  new  plant  can  be  derived.  Progress 
in  power  plant  design  has,  on  the  whole,  led  to 
the  use  of  higher  rates  of  combustion  and  proba- 
bly to  some  increase  in  the  solid  constituents  of 
smoke.  In  the  absence  of  a  more  exact  basis,  it 
has  l>een  assumed  that  a  new  plant  will  give  the 
results  of  the  average  of  all  the  plants  of  this  class 

1  by  the  Committee.  On  this  basis,  the 
increase  in  the  solid  constituents  of  smoke  and 
in  the  gaseous  products  of  combustion  from  high 

ure  steam  boilers  will  be  the  same  as  the  in- 

-e  in  the  coal  burned,  or  11.04  per  cent. 
From  the  foregoing  it  will  be  seen  that  the 
increase  in  the  output  of  smoke  from  the  high 

ure  steam  boiler  service,  which  will  result 
from  the  establishment  of  a  new  plant  for  the 
purposes  of  electrification,  will  be  as  follows: 


•kc 

•onstitucnls  of  smoke 

us  products  of  combustion 


PER  CENT 

44.49  x  0.0424  =  1.89 
19.34  *  0.1104=2.14 
44.96  x  o.i  104  =  4.96 


The  contribution  of  the   high   pressure   steam 

boiler   service,   under   conditions   which    will   be 

introduced    by    the    complete    electrification    of 

Chicago's   railroad    terminals,    in    terms    of    the 

smoke  of  Chicago,  will  be: 

,ke          

•itucnts  of  smoke         .... 
n  ducts  of  combustion 


PER  CENT 

44.49  +  1.89=46.38 
19.34+2.14=21.48 
44.96  +  4.96=49.92 


114.06  Net  Reduction,  as  a  Result  of  Com- 
plete Electrification,  in  the  Smoke  Discharged 
into  the  Atmosphere  of  Chicago :  The  net  reduc- 
tion in  the  amount  of  smoke  discharged  into  the 
atmosphere  of  Chicago  which  will  result  from  the 


complete  electrification  of  the  railroad    terminals 
is  as  follows : 


Visible  Smoke: 

Rediiition  through  the  elimination  of  thr  (team 

locomotive,  (XT  rent  of  t<.t.il 
liicrea'-c  arising    from    tirw   rlr,  trie    powrr    |il»nt 

load ..  |ier  i  nil  of  total 
Net    reduction    in    tin-    total    visible    urnok. 

Chicago 

Soliil  Constituents  of  Smoke: 

Reduction  through  the  elimination  of  the  steam 
locomotive,  per  ivnt  of  total 

Increase  arising  from  new  elei  tru-    power    plant 

loads,  per  cent  of  tola! 
Net   reduction   in    the    total    solid   COT. 

of  smoke  ,,f  Chicago 

Gaseous  Products  of  Combustion: 

Reduction  through  the  elimination  of  the  steam 
locomotive,  per  cent  of  total 

Increase  arising  from  new  electric  power  plant 
loads,  per  cent  of  total  ... 

Net  reduction  in  the  total  volume  of  the  Rau- 
cous products  of  combustion  of  Chicago 


jo  17 


747 


i  14 


lo 


4-96 


114.07  The  Possibility  of  Reducing  Smoke 
through  Improvements  in  Locomotive  Service: 
The  preceding  section  shows  what  would  be 
accomplished  in  the  purification  of  Chicago's 
atmosphere  by  modifying  the  fuel  consuming 
industries  of  the  city,  as  they  existed  in  IQIZ. 
through  the  electrification  of  the  railroads. 

An  exhibit  of  the  results  which  may  be  expected 
to  accrue  from  electrification,  as  set  forth  in  the 
preceding  section,  naturally  suggests  an  inquiry 
as  to  what  might  be  accomplished,  in  the  absence 
of  electrification,  through  improvements  in  loco- 
motive practice.  While  a  quantitative  answer  to 
this  question  cannot  be  given,  it  is  evident  that 
substantial  progress  in  recent  years  has  been 
made  in  reducing  the  smoke  emitted  from  steam 
locomotives  in  Chicago.  There  is  every  reason 
to  believe  also  that  the  process  has  not  yet 
reached  its  maximum  development.  The  im- 
provement to  be  noted  has  resulted  both  from  em- 
bellishments in  locomotive  design  and  from  the 
exercise  of  greater  skill  in  locomotive  operation. 

Among  the  more  important  changes  in  loco- 
motive design  which  have  aided  in  smoke  abate- 
ment are  to  be  included  the  enlargement  of  grates, 
which  has  resulted  in  lower  rates  of  combustion 
per  unit  area  of  grate  and  consequently  in  a 
reduction  in  the  amount  of  solids  in  locomotive 
smoke;  the  adoption  of  the  brick  arch  in  loco- 
motive fire-boxes,  by  means  of  which  a  reduction 
in  the  amount  both  of  visible  smoke  and  of  the 
solid  constituents  of  smoke  has  been  effected ; 
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the  more  efficient  design  of  draft  appliances,  by 
which  the  air  currents  stimulating  the  fire  have 
been  modified  and  smoke  production  diminished; 
the  introduction  of  superheaters,  whereby  the 
efficiency  of  the  locomotive  as  a  whole  has  been 
increased,  the  amount  of  fuel  required  for  the 
performance  of  a  given  service  decreased  and  the 
volume  of  smoke  diminished;  and  the  introduc- 
tion of  steam  jets  and  other  appliances  especial- 
ly designed  to  abate  visible  smoke. 

Meanwhile,  the  amount  of  smoke  emitted 
within  the  city  has  been  greatly  reduced  through 
the  exercise  of  diligence  and  skill  in  the  operation 
of  locomotives.  The  importance  accorded  this 
aspect  of  the  matter  by  the  railroads  of  Chicago  is 
to  be  seen  in  the  number  of  smoke  inspectors  they 
have  employed.  The  records  of  the  Committee 
show  that  there  is  a  substantial  difference  in  the 
quantity  of  smoke  discharged  by  locomotives 
outside  of  the  city  limits,  where  there  is  no 
inspection,  as  compared  with  the  amount  dis- 
charged by  locomotives  within  the  city,  where 
the  operation  is  subject  to  inspection. 

When,  therefore,  the  fact  is  set  forth  that 
electrification  will  serve  to  reduce  the  amount 
of  visible  smoke  entering  the  atmosphere  of 
Chicago  by  20  per  cent,  it  should  not  be  forgot- 
ten that  progress  in  locomotive  design  and  prac- 
tice, without  electrification,  has  operated  and  will 
continue  to  operate  to  bring  about  a  reduction 
which,  if  smaller  than  that  to  be  effected  through 
electrification,  is  nevertheless  material;  and  when 
emphasis  is  given  the  fact  that  electrification  will 
serve  to  reduce  the  amount  of  the  solid  constit- 
uents of  smoke  and  the  gaseous  products  of 
combustion  entering  the  atmosphere  of  Chicago 
by  about  5  per  cent,  it  should  not  be  forgotten 
that  progress  in  locomotive  design  and  operation 
can  very  likely  be  depended  upon  to  bring  about 
an  equal  reduction. 

114.08  Effect  of  Complete  Electrification  on 
the  Dust  Content  of  Chicago's  Atmosphere: 

The  preceding  comparisons  show  the  effects  which 
will  be  produced,  by  the  substitution  of  a  system 


of  complete  electrification  for  the  present  steam 
locomotive,  upon  such  portions  of  the  atmospheric 
pollution  as  arise  from  smoke.  It  has  already 
been  shown  (chapter  112)  that,  of  all  the  dust 
and  dirt  in  the  atmosphere  of  Chicago,  not  more 
than  two-thirds  is  of  fuel  origin.  Since,  therefore, 
there  is  more  dirt  in  the  atmosphere  than  is 
supplied  by  smoke  discharges,  a  given  percentage 
of  reduction  in  the  dust  of  smoke  will  afford  a 
smaller  reduction  in  the  total  dust  of  the  atmos- 
phere. That  is,  while  electrification  will  effect 
a  reduction  of  5.33  per  cent  in  the  amount  of  the 
solid  constituents  of  smoke  discharged  into  the 
atmosphere,  the  reduction  in  the  amount  of 
atmospheric  dust  and  dirt  will  be  only  about 
two-thirds  of  this,  or  less  than  4  per  cent. 

114.09  Conclusions  Relating  to  the  Results 
which  may  be  Expected  from  Complete  Electrifi- 
cation as  a  Means  in  Smoke  Abatement:  By 
combining  facts  already  set  forth  and  omitting 
decimals  in  expressing  numerical  values,  it  will 
be  seen  that  the  net  effects  of  the  elimination  of 
the  steam  locomotive  from  the  railroad  terminals 
of  Chicago,  and  of  the  substitution  of  a  system  of 
electrification  to  an  extent  shown  to  be  necessary 
under  these  conditions,  may  be  summarized  as 
follows : 

1.  The    amount    of    visible    smoke    dis- 
charged into  the  atmosphere  of  Chicago  will 
be  reduced  by  not  more  than  20  per  cent. 

2.  The   amount   of   solid  constituents  of 
smoke   (soot,   ash   and   fuel   particles)    dis- 
charged into  the  atmosphere  of  Chicago  will 
be  reduced  by  not  more  than  5  per  cent. 

3.  The  amount  of  dust  and  dirt  arising 
from  all  sources,  in  the  atmosphere  of  Chi- 
cago,   will  be  reduced   by  not  more  than 
4  per  cent. 

4.  The    volume    of  gaseous  products  of 
combustion  discharged  into  the  atmosphere 
of  Chicago  will  be  reduced  by  not  more 
than  5  per  cent. 

It  is  upon  the  basis  of  these  facts  that  the  merit 
of  any  proposal  involving  complete  electrification 
as  a  means  in  smoke  abatement  must  be  considered. 


CHICAGO'S  PROBLEM  IN  SMOKE  .\BATI-.\I  I  VI     \>   DI>C  !<)>!  I)  BY 
THE  RESEARCHES  OF  THE  COMMITTI 


SYNOPSIS:  Whatever  final  disposition  may  he  made  of  the  proposal  to  electrify  the  rail- 
road  terminals  of  Chicago,  the  city  will  continue  to  have  its  problem  of  smoke  abatement.  The 
problem  is  one  of  constantly  increasing  importance;  it  is  a  function  of  the  industrial  growth  of 
the  city.  While  the  Committee's  investigation*  hare  not  been  conducted  primarily  for  the  purpose 
of  establishing  or  recommending  a  municipal  procedure  in  smoke  abatement,  certain  facts  have 
been  developed  which  are  of  interest  in  this  connection.  These  facts  are  reviewed  and-  their  sig- 
nificance discussed  in  this  chapter.  


115.01  The  Problem:    The  history  and  the 
nt  day  aspect   of    smoke   abatement   as   a 

municipal  problem  have  been  duly  set  forth;* 
the  literature  of  the  subject  has  been  abstracted; 
the  effects  of  smoke  have  been  discussed ;  and  the 
various  steps,  legal  and  administrative,  which 
have  been  taken  by  the  city  of  Chicago  in  its 
efforts  to  reduce  the  amount  of  smoke  discharged 
into  its  atmosphere,  have  been  reviewed,  t  To  facts 
thus  disclosed  there  may  now  be  added  those 
which  have  been  developed  by  the  researches  of 
the  Committee.*  While  these  researches  have 
not  been  conducted  for  the  purpose  of  developing 
methods  in  smoke  abatement,  they  have  yielded 
results  which  supply  a  good  definition  of  Chicago's 
problem.  With  these  in  hand,  what  is  to  be  the 
character  of  Chicago's  next  step?  The  answer  to 
this  question  is  by  no  means  simple,  but  there 
are  certain  fundamental  facts  to  be  recognized, 
the  more  important  of  which  may  be  briefly 
considered. 

115.02  Significant   Factors   in   the   Problem: 
Among  the  factors  in  the  problem,  the  significance 
of  which  has  not  commonly  been  recognized,  are 
four  which  are  worthy  of  especial  emphasis  in 
this  connection.     The  first  concerns  the  number 
and  diverse  character  of  the  sources  of  smoke. 
It  can  no  longer  be  urged  that  this  or  that  particu- 
lar interest  produces  the  smoke  of  Chicago;    all 
interests  contribute  to  it.     The  business  man  can 
no  longer  attach  especial  blame  to  the  apartment 
house  owner,  nor  the  apartment  house  owner  to 
the  railroad,  nor  the  railroad  to  the  manufacturer, 
for  all  are  joint  contributors  to  the  sum  total  of 

•Chapter  101. 
[  Chapter  101. 
I  Chapter*  loj  to  nj  mclunve. 


Chicago's  smoke.  As  joint  contributors,  they  are 
jointly  responsible  for  the  resulting  atmospheric 
pollution.  The  problem  of  smoke  abatement,  as 
disclosed  by  the  investigations  of  the  Committee, 
cannot  be  effectually  dealt  with  by  giving  atten- 
tion to  a  single  segregated  interest ;  it  is  one  in 
which  every  interest  must  be  given  attention.  It 
is  the  problem  of  the  whole  city. 

A  second  significant  fact  disclosed  by  the  re- 
searches of  the  Committee  is  that  which  em- 
phasizes the  relatively  great  importance  of  the 
solid  constituents  of  smoke.  Hitherto  most  dis- 
cussions concerning  smoke,  and  practically  all 
measures  designed  to  show  the  extent  of  atmos- 
pheric pollution  resulting  from  it,  have  dealt  only 
with  its  cloud  effects.  It  now  appears  that  the 
cloud  effects  produced  by  smoke  are  of  secondary 
importance  as  compared  with  effects  produced 
by  the  soot  and  dust  of  smoke.  The  problem  of 
smoke  abatement,  therefore,  as  viewed  in  the 
light  of  the  Committee's  disclosure,  is  not  entirely 
or  largely  a  problem  of  suppressing  visible  smoke 
but  is  one  of  suppressing  the  shower  of  dust  and 
cinders  constantly  falling  from  a  smoke  polluted 
atmosphere. 

The  significance  of  the  solids  in  smoke,  as 
agencies  in  atmospheric  pollution,  suggests  the 
third  important  fact  disclosed  by  the  Committee's 
researches,  namely,  that  atmospheric  pollution  is 
not  entirely  the  result  of  soot  and  dust  in  their 
initial  descent  to  the  exposed  surfaces  of  the  city, 
but  that  such  material  is  subject  to  secondary- 
flights  which  persist  until  some  exceptional 
cleansing  process  eventually  eliminates  them. 
Moreover,  the  sum  total  of  atmospheric  dirt  in- 
cludes, with  the  solids  of  combustion,  considerable 
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amounts  of  dust  arising  from  many  activities 
incident  to  the  life  of  the  city.  The  problem, 
therefore,  of  reducing  to  a  minimum  the  sum 
total  of  atmospheric  dirt  is  not  enitrely  a  problem 
in  smoke  abatement  but,  to  a  considerable  extent, 
a  problem  concerning  municipal  cleanliness.  The 
process,  therefore,  of  reducing  to  a  minimum  the 
atmospheric  pollution  of  the  city  must  deal  with 
visible  smoke,  with  the  solid  constituents  of  smoke 
and  with  every  source  from  which  these  arise; 
it  must  also  deal  with  all  accumulations  of  dirt 
in  a  manner  which  will  promote  the  cleanliness  of 
the  city. 

The  fourth  significant  fact  is  to  be  found  in  the 
obvious  tendency  of  all  sources  of  atmospheric 
pollution  to  increase.  The  fuel  consuming  indus- 
tries of  the  city  are  expanding;  the  traffic  of  the 
city  streets  is  increasing  and  the  amount  of 
merchandise  handled  in  and  out  of  the  city  is 
growing  year  by  year.  Improvements  in  the 
methods  of  burning  fuel,  or  of  city  cleaning, 
imply  an  improvement  in  atmospheric  conditions 
only  in  a  relative  sense.  The  elimination  of  an 
entire  fuel  consuming  service  would  reduce  the 
amount  of  pollution  entering  the  atmosphere  at 
the  time  of  its  accomplishment,  but  would  con- 
stitute no  guarantee  that  the  sum  total  of  atmos- 
pheric pollution  might  not  increase  subsequently 
to  even  greater  amounts.  Improvement  in  serv- 
ice may,  therefore,  only  result  in  checking  an 
undesirable  growth.  This  fact  emphasizes  the 
importance  of  giving  attention  to  every  means 
which  can  be  relied  upon  to  reduce  the  production 
of  polluting  agencies  at  their  source. 

The  relative  standing  of  the  several  fuel 
consuming  services  as  herein  set  forth  is  based 
upon  conditions  as  they  existed  in  1912.  It  is 
probable  that  the  ratios  as  determined  for  that 
year  will  hold  for  many  years  to  come,  unless 
individual  services  are  to  be  affected  by  new 
controlling  influences  which  may  be  hereafter 
introduced. 

115.03  Progress  in  Smoke  Abatement  — 
A  Matter  of  Development :  A  revolution  in  prac- 
tice which  will  result  in  the  elimination  of  exist- 
ing sources  of  atmospheric  pollution  is  not  to  be 
expected;  first,  because  present  day  knowledge  is 
insufficient  to  supply  the  necessary  means;  and 
second,  because  the  immediate  application  to  all 
sources  of  pollution,  even  of  such  means  as  are 


now  available,  is  mechanically  and  financially 
impracticable.  However  urgent  the  need,  prog- 
ress in  satisfying  it  must  be  gradual;  it  must  be 
evolutionary.  Chicago  is  not  peculiar  among  the 
cities  of  the  world  in  the  possession  of  this  prob- 
lem. Every  great  center  of  population  is  confront- 
ed with  it.  Its  intrusion  is  part  of  the  price 
which  is  paid  for  the  privilege  of  maintaining  the 
activities  and  the  concentration  of  population 
which  characterize  the  modern  city. 

The  problem  of  smoke  abatement  in  Chicago 
is  difficult,  because  among  the  conditions  which 
have  been  effective  in  stimulating  the  growth  of 
the  city  there  must  be  included  the  proximity 
of  the  city  to  an  abundant  supply  of  fuel.  Few 
of  the  world's  great  cities  are  within  such  easy 
reach  of  so  extensive  a  deposit  of  coal.  The 
Illinois-Indiana  coal  fields,  covering  an  area  of 
many  thousands  of  square  miles,  extend  almost 
to  Chicago's  threshold.  This  coal  is  Chicago's 
coal  and  she  must  use  it.  While,  for  the  present, 
Chicago  draws  heavily  on  more  distant  fields, 
she  must  ultimately  satisfy  her  needs  from  her 
local  supply. 

All  coal  is  complex  in  chemical  composition  and 
in  structure.  Differences  in  these  characteristics 
affect  its  behavior  on  the  grate.  Illinois  coals 
as  compared  with  eastern  coals  are  high  in  vola- 
tile matter.  Furnaces  which  are  satisfactory  for 
coals  low  in  volatile  matter  give  off  excessive 
amounts  of  smoke  when  Illinois  coals  are  burned. 
Chicago's  problem  in  smoke  abatement,  therefore, 
is  complicated  by  the  fact  that  the  coals  she  must 
use  are  those  commonly  referred  to  as  smoky 
coals.  People  are  coming  to  understand,  however, 
that  it  is  not  sufficient  to  commend  one  coal  as 
smokeless  and  to  condemn  another  as  smoky; 
that  whether  a  coal  is  smoky  or  otherwise,  is 
dependent  upon  the  extent  to  which  the  conditions 
governing  its  consumption  are  suited  to  its  needs ; 
that  furnace  design  and  construction  must  respond 
to  the  peculiar  requirements  of  the  fuel  to  be 
burned;  and  that  when  this  is  done  no  coal  need 
be  discarded  because  it  is  smoky.  Chicago's 
great  resource  is  a  conveniently  located  com- 
mercial fuel,  and  the  difficulties  to  be  met  in 
utilizing  this  resource  constitute  merely  an  inci- 
dental scientific  problem. 

The  problem  of  smoke  abatement  in  Chicago  is 
difficult  also  because  the  amount  of  coal  consumed 
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is  large.  Each  step  in  the  process  by  whii-h  tin- 
city  li:i --  attained  its  present  state  has  enlarged  its 
fuel  burning  capacity.  For  example,  its  buildings 
have  been  extended  to  an  unusual  height,  and  the 
span'  in  them  and  the  activities  for  which  this 
span-  provides  have  created  unprecedented  de- 
mands for  heat  and  power.  The  number  of 
such  buildings  has  introduced  a  great  fuel  con- 
suming industry  in  an  area  where  the  jxjpulation 
is  most  congested.  The  height  of  building 
quires  the  use  of  lofty  chimneys  or  stacks,  which 
jK-rniit  coal  to  be  burned  at  rates  not  before 
common  under  stationary  boilers.  High  rates  of 
combustion  imply  high  percentages  of  fuel  dust 
in  smoke.  The  smoke  discharged  into  the  atmos- 
phere from  such  stacks  far  above  the  city  streets 
is  distributed  over  wide  areas.  The  concentration 
of  activities  made  possible  by  the  presence  of 

buildings  has  stimulated  traffic  in  the  st 
and  on  railroads  tributary  thereto.  The  constant 
coming  and  going  of  the  multitudes  has  created 
heavy  demands  for  power  and  transportation, 
which  are  met  through  the  consumption  of  fuel. 
In  all  of  its  various  classes  of  service  Chicago 
burns  each  year  approximately  8  tons  of  coal  per 
capita,  while  Cleveland  burns  but  5,  Glasgow, 
Manchester  and  Leeds  but  4  each,  Hamburg  but 
3,  and  Berlin  and  Paris  less  than  2  tons  each. 
Wherever  fuel  is  burned  certain  effects  appear. 
These  may  take  the  form  of  visible  smoke  or  of 
tar  or  dust  emissions,  and  they  must  always 
appear  in  the  form  of  gaseous  products  of  com- 
bustion. As  a  consequence,  objections  to  smoke 
are  valid  only  in  so  far  as  they  may  be  based  upon 
conditions  which  are  avoidable,  and  ill-advised 
restrictions  against  the  use  of  fuel  are  not  only 
unreasonable,  but  harmful  to  the  larger  and  better 
interests  of  the  community.  It  is  for  this  reason 
that  the  problem  of  smoke  abatement  cannot  be 
solved  by  any  simple  campaign  for  the  enforcement 
of  restrictions.  It  is  a  question  which,  in  all  its 
aspects,  is  of  the  highest  importance  to  the  wel- 
fare of  the  city.  It  is  a  scientific  question.  It 
cannot  safely  be  answered  until  many  local  con- 
ditions have  been  studied  and  defined.  It  is  a 
living  question,  since  it  assumes  new  aspects  as 
the  state  of  the  art  develops. 

115.04  The  Importance  of  a  Broad  View: 
In  any  effort  to  improve  a  given  practice,  it  is 
important  to  secure  a  clear  understanding  of  the 


relative    values  of    the    factors   involved.     Thin 

nplished.    the    first    step*   in    the    work    of 

mient  may  well  IK-  directed  toward  those 

factors  which   |x>ssess  the  highest  values.     The 

several    classes    of    aervi  !     their    relative 

importance  as  producers  of    smoke    have    been 

set   forth  in  a  previous  chapter  (chapter   105)  a* 

foil- 
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This  statement  emphasizes  the  importance  of 
the  high  pressure  steam  stationary  power  and 
heating  plants  as  producers  of  smoke  Not  only 
is  this  the  largest  service  but  its  output  of  smoke 
and  dust  is  more  than  double  that  of  the  steam 
locomotives  of  Chicago.  Any  measure  which  is 
effective  in  its  application  to  this  service  will 
produce  greater  results  in  clarifying  the  atmos- 
phere than  will  equally  effective  measures  applied 
to  less  important  services.  With  this  under- 
standing of  the  general  problem,  it  will  be  of 
interest  to  consider,  in  connection  with  each 
service,  the  possibilities  of  progress  in  smoke 
abatement  as  judged  by  established  practice 
and  as  may  be  suggested  by  recent  scientific 
developments. 

1 1 5.05  High  Pressure  Steam  Stationary  Power 
and  Heating  Plants:  It  has  been  estimated  by 
the  Committee  that  within  the  city  of  Chicago 
there  arc  approximately  17,000  high  pressure 
steam  boilers,  served  by  not  less  than  11,000 
smoke  stacks.  In  a  census  of  steam  boilers 
made  by  the  Committee,  a  map  was  prepared 
upon  which  the  location  of  each  boiler  plant 
was  indicated  _\  small  section  of  this  map  is 
presented  as  fig.  92. 

Many  of  Chicago's  large  business  buildings 
have  steam  power  plants  of  large  capacity  which 
supply  energy  for  elevator  service,  for  lighting,  for 
power  and  water  service,  and  for  various  minor 
purposes.  In  the  loop  district  there  are  from 
four  to  eight  power  plant  stacks  in  each  block. 
Some  of  the  downtown  buildings  are,  in  fact. 


E  CHICAGO 


FIG.  92.    SECTION  OF  MAP  SHOWING  LOCATIONS  OF  STEAM  BOILER  PLANTS  IN  CHICAGO 
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FIG   93      A  TYPICAL  BLOCK   IN  THE  BUSINESS    DISTRICT  OF  CHICAGO    IN    WHICH   THE   ACTUAL 
BUILDINGS  ARE  ASSUMED  TO  GIVE  WAY  TO  BUILDINGS  OF  FACTORY  HEIGHT  AND  IN  WHICH  THE 
EXISTING  SMOKE-STACKS  AND  CHIMNEYS   ARE   ASSUMED  TO  REMAIN  AT  THEIR  PRESENT  HEIGH 
THE    DRAWING    IS   AN    ISOMETRIC    PROJECTION.    THE    NUMBERS    INDICATE   POWER    PLANT   STACKS 
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power  plants  extended  upward  to  give  floors 
which  may  be  occupied  for  business  purposes. 
It  follows  that  those  who  occupy  these  buildings 
conduct  their  activities  in.  a  power  plant  district 
and  are  subject  to  the  inconveniences  incident  to 
such  an  environment. 

A  drawing,  showing  a  typical  block  in  the 
business  district  of  Chicago,  in  which  the  build- 
ings have  been  cut  down  to  factory  height  and 
existing  smoke-stacks  and  chimneys  are  shown 
at  their  present  heights,  is  presented  as  fig.  93. 

If  all  the  smoke  from  furnaces  serving  high 
pressure  boilers  could  be  eliminated,  the  pollu- 
tion of  Chicago  s  atmosphere  would  not  only  be 
reduced  by  approximately  one-half  as  measured 
by  its  cloud  effect  and  by  one-fifth  as  measured 
by  the  presence  of  polluting  dust  and  soot,  but 
relief  would  be  given  at  points  where  the  pollution 
affects  the  greatest  possible  number  of  people. 
What  promise  is  offered  by  the  present  state  of 
the  art  that  such  a  result  may  be  secured? 

Visible  Smoke 

Great  progress  has  been  made  during  the  last 
few  years  in  the  development  of  furnaces  designed 
to  give  so-called  smokeless  combustion.  The 
characteristics  of  these  furnaces  are  set  forth 
with  some  detail  in  chapter  101.  For  the  present 
purpose,  it  is  necessary  only  to  note  that  all  such 
furnaces,  as  applied  to  steam  boilers,  are  smoke- 
less only  in  the  sense  that  they  effect  a  reduction 
in  the  amount  of  visible  smoke  emitted.  With- 
out th6  automatic  stoker  and  the  various  other 
devices  for  reducing  smoke  now  in  service  in  the 
large  boiler  plants  of  Chicago,  the  cloud  effects 
from  boiler  fires  would  be  far  heavier  than  at 
present. 

A  first  step,  therefore,  in  further  reducing  the 
smoke  of  furnaces  serving  high  pressure  steam 
boilers  involves  the  more  extended  use  of  those 
types  of  furnaces  which  have  already  proved 
their  value  in  service.  Through  their  automatic 
action,  such  furnaces  contribute  to  economy  in 
operation  when  applied  to  large  plants.  Their  use 
in  connection  with  small  plants,  however,  generally 
involves  increased  costs,  the  one  return  for  which 
is  to  be  found  in  a  reduction  in  the  amount  of 
smoke  produced.  For  this  reason,  progress  in 
extending  the  use  of  such  apparatus  to  small 
plants  has  been  slow. 


Solid  Constituents  of  Smoke 
The  various  types  of  smokeless  furnaces  do 
not  in  themselves  bring  about  a  reduction  in 
the  discharge  of  solid  matter  from  the  stack. 
Methods  in  common  use  today  do  not  normally 
provide  for  its  suppression.  There  are,  however, 
four  possible  lines  of  procedure  by  which  this 
may  be  accomplished.  Each  of  these  possesses  ele- 
ments of  promise;  each  presents  distinct  though 
different  limitations,  although  some  are  at  present 
in  the  experimental  stage  of  development.  These 
lines  of  procedure  are: 

1.  Smoke  washing. 

2.  Smoke  entrainment  through  electric  grills. 

3.  The  substitution  of  electric  energy,  derived 
from  a  remote  source,  for  local  steam  developed 
energy. 

4.  The  elimination  of  solid  fuel  and  the  sub- 
stitution therefor  of  manufactured  gas. 

It  will  be  of  interest  to  consider  the  possibilities 
of  progress  in  the  general  adoption  of  each  of  these 
possible  procedures. 

Smoke  Washing 

In  this  process  the  smoke,  in  its  passage  from 
the  furnace  to  the  base  of  the  stack,  is  made  to 
pass  under  an  inclined  apron,  the  lower  edge  of 
which  approaches  a  water  surface.  A  film  of 
water  runs  down  over  the  apron  and  passes  in  a 
shower  from  its  lower  edge  to  a  receptacle  below. 
The  whole  arrangement  is  such  that  the  products 
of  combustion  striking  the  inclined  apron  are 
projected  downward  toward  the  surface  of  the 
water  and,  in  passing  under  the  edge  of  the 
apron,  they  meet  the  descending  shower  of  water. 
Many  of  the  coarser  particles  are  projected  into 
the  water  before  the  shower  is  reached,  and  those 
that  remain  are  carried  downward  by  the  shower. 
Once  in  contact  with  water,  the  course  of  these 
particles  is  stayed.  The  resistance  offered  the 
products  of  combustion  in  passing  under  the  apron 
and  through  the  shower,  and  the  Cooling  effect 
upon  the  gaseous  products,  tend  to  suppress  the 
draft  action  which  would  otherwise  be  stimulated 
by  the  chimney,  and  losses  thus  sustained  are 
made  good  by  mechanical  means.  An  induction 
or  exhaust  fan  is  therefore  a  necessary  part  of 
any  smoke  washing  device.  Considerable  space 
is  required  for  the  installation  of  smoke  washing 
machinery.  It  is  generally  assumed  that  this 
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space  should  be  supplied  at  the  base  of  the  stack. 
In  many  cases  the  physical  difficulties  to  be 
encountered  in  finding  room  for  the  introduction 
of  the  new  devices  in  existing  plants  would  be 
great.  The  possibility  of  installing  smoke  wash- 
ing machinery-  upon  the  roofs  of  buildings  is 
admitted,  but  such  a  location  introduces  diffi- 
culties in  matters  of  detail  which  are  regarded  as 
serious. 

Smoke  washing  as  a  process  for  general  appli- 
cation is  still  in  an  experimental  stage.  Enough 
has  been  accomplished  to  prove  that  by  means 
of  it  practically  all  the  objectionable  elements  in 
smoke  can  be  suppressed.  The  discharge  from 
a  \\ashery  is  not  without  cloud  effects,  but  the 
clouds  are  due  chiefly  to  the  presence  of  water 
vapor  and  quickly  become  dissipated. 

Among  the  difficulties  to  be  overcome  in  ap- 
plying the  process  are  those  arising  from  acid 
effects.  The  mingling  of  the  products  of  combus- 
tion with  water  converts  the  sulphur  compounds 
present  in  smoke  into  sulphuric  acid,  and  the 
problem  of  maintaining  metallic  parts  employed 
in  the  construction  of  smoke  washing  machinery 
is  one  which,  in  early  experiments,  gave  serious 
trouble.  The  corrosive  effects  are  not  only  mani- 
fested in  the  machinery  itself,  but  in  all  the 
conduits  through  which  the  "washed  smoke"  is 
discharged.  Obviously,  any  resort  to  smoke  wash- 
ing will  require  the  greatest  care  in  the  selection  of 
materials  to  be  used,  as  well  as  the  exercise  of  great 
skill  in  the  design  of  flue  connections  and  stacks. 

The  amount  of  solid  material  precipitated  into 
the  water  is  sufficient  to  make  the  matter  of  its 
separation  and  removal  one  of  considerable  con- 
sequence. If  the  operation  of  a  plant  can  be 
intermittent,  the  solids  will  settle  and  may,  from 
time  to  time,  be  removed  from  the  bottom  of  the 
tank  in  which  they  are  collected.  If  the  operation 
of  the  plant  must  be  continuous,  some  process 
by  which  the  water  is  continuously  circulated 
through  suitable  filters  will  probably  prove 
advantageous.  These  are  all  matters  now  re- 
garded as  being  in  process  of  development. 

A  modified  smoke  washing  device,  which  has 
been  referred  to  as  a  "cinder  catcher,"  has  been 
placed  in  operation  by  the  New  York  Edison 
Company.  It  has  been  applied  to  existing  plants 
between  the  boiler  and  the  stack.  The  device 
is  such  that  the  inclined  apron,  which  serves  to 
10 


deflect  the  gases  downward  into  water,  is  hinged 
in  such  manner  that  the  distance  between  its 
lower  edge  and  the  surface  of  the  water  may  be 
varied  to  suit  the  requirements  of  changes  in 
rates  of  power  at  which  the  boiler  is  operated. 
The  proportions  of  the  device  are  such  that  the 
gases  are  neither  throttled  nor  cooled  to  an  extent 
requiring  the  use  of  mechanical  means  for  stimu- 
lating draft,  though  the  effect  of  the  device  upon 
the  draft  action  reduces  somewhat  the  capacity 
of  the  boilers.  ' '  Comparative  tests  have  shown 
that,  whereas  an  unequipped  stack"  discharges 
cinders  amounting  to  from  one  to  two  per  cent 
of  the  f weight  of  coal  fired,  in  case  of  another 
similar  stack,  equipped  with  a  cinder  catcher, 
about  95  per  cent  of  the  cinders  and  ash  were 
removed."*  Experiments  leading  up  to  the  pres- 
ent practice  have  been  in  progress  since  1906. 
Trouble  has  been  experienced  from  the  corrosion 
of  the  apron  and  pan.  The  vaporization  of  water 
in  the  pan  under  the  apron  also  has  been  such  as 
to  introduce  a  new  item  of  expense.  More  than 
a  hundred  boilers  are  equipped  with  this  device. 

In  view  of  the  preceding  statements,  it  is  of 
interest  to  note  that  one  of  the  first  smoke  wash- 
ing plants  to  be  installed  in  this  country  was 
that  of  the  Chicago  &  North  Western  Railway, 
which  was  placed  in  operation  in  Chicago  in  1909 
at  Chicago  Avenue  to  handle  the  smoke  from  a 
locomotive  roundhouse.  Another  installation  of 
significance  is  that  of  the  New  York  Central  lines 
at  the  company's  Englewood  Yard  in  Chicago. 
It  was  placed  in  operation  in  1913  in  connection 
with  a  large  roundhouse. 

The  financial  aspect  of  smoke  washing,  as  applied 
to  the  high  pressure  steam  statidnary  power  and 
heating  plants  of  Chicago,  must  cover  the  value 
of  the  space  occupied  by  the  necessary  machinery, 
the  first  cost  of  the  apparatus,  interest,  main- 
tenance and  depreciation  costs  and  operating 
expenses.  Included  in  the  operating  expenses 
is  the  cost  of  the  power  necessary  to  operate  the 
fan,  the  cost  of  water  and  the  cost  of  separating 
the  precipitate  from  the  water  and  disposing  of  it. 

Mr.  Willis  H.  Carrier,  t  who  has  given  careful 
attention  to  the  problem  of  smoke  washing,  has 

•  "The  Central  Station  in  lu  Relation  to  the  Problem  of  City  t>u«."  • 
paper  by  Mnara.  Ballon.  Gradv  and  Dechae*.  Coanntion  of  the  AaKcialton 
..f  K.!i*>n  lilurninaiiiui  Companiea.  September.  1014.  See  al*o  Electrical 
World,  p  6oj.  September  16,  1914. 

t  Chief  Engineer.  Buffalo  Tang  Co..  Vice-Prmdant  and  C.n»u!'.m» 
Engineer.  Carrier  Air  Conditioning  Co..  Buffalo.  N.  Y. 
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submitted  the  following  notes  for  the  benefit  of 
the  Committee: 

"i.  I  do  not  believe  that  it  is  practicable  to 
build  the  washing  chamber  of  anything  except 
concrete  or  brick. 

"2.  This  chamber  would  preferably  be  arranged 
vertically  in  the  form  of  a  tower  with  the  double 
pass  for  the  gases.  Considerable  water  will  have 
to  be  used,  as  it  is  necessary  to  cool  the  gases 
thoroughly  before  effective  washing  can  be 
accomplished. 

"3.  The  induced  draft  fan  will  have  to  be 
placed  between  the  boilers  and  the  washer, 
discharging  into  the  washer  as  into  the  stack. 

"4.  The  height  of  the  washer  tower  will  vary 
somewhat  with  the  capacity,  but  will  be  about 
40  feet  high  to  the  stack  proper." 

Mr.  Carrier  estimates  the  cost  of  a  smoke 
washing  installation  for  a  i  ,ooo-horse-power  boiler 
plant,  which  would  be  capable  of  handling  the 
smoke  from  5,000  to  6,000  tons  of  coal  per  year, 
at  $3,500  to  $4,000,  if  made  in  connection  with 
the  erection  of  new  plants.  The  installation 
costs,  if  made  in  connection  with  existing  plants, 
"will  be  considerably  more  than  for  new." 

The  cost  of  operating  and  maintaining  such  a 
plant,  including  the  cost  of  water  at  $0.025  Per 
1,000  gallons  and  of  power  at  $20.00  per  horse- 
power per  annum,  and  including  also  interest  on 
the  investment,  is  estimated  by  Mr.  Carrier  to 
be  $0.30  per  ton  of  coal  burned.  This  estimate 
probably  does  not  include  any  allowance  for  the 
value  of  the  space  occupied  by  the  equipment  nor 
for  additional  attendants. 

Assuming  that  it  is  possible  to  apply  smoke 
washing  equipment  to  all  classes  of  service,  Mr. 
Carrier  estimates  the  cost  of  operation  and  of 
maintenance  as  follows: 


1.  Power  plants  (5,000  horse-power)  having  a 
coal  burning  capacity  of  40,000  tons  a  year 

2.  Power  plants  (1,000  horse-power)  having  a 
coal  burning  capacity  of  8,000  tons  a  year 

3.  Power  plants   (100   horse-power)    having   a 
coal  burning  capacity  of  1,000  tons  a  year 

4.  Domestic   and   heating   fires  having  a  coal 
burning  capacity  of  500  tons  a  year     .... 

5.  Domestic   and   heating   fires  having  a  coal 
burning  capacity  of  100  tons  a  year     .... 


PER  TON  OF 
COAL  BURNED 

$0.29 
$0.30 
$0.40 
$0.70 
$I.OO 


While  the  uncertain  character  of  such  estimates 
must  be  recognized,  the  development  of  the  prac- 
tice being  as  yet  insufficient  to  provide  a  substan- 
tial basis  for  them,  they  suggest  the  possibility  of 
completely  eliminating  all  smoke  which  now  arises 
from  Chicago's  greatest  smoke  producing  service. 


Smoke  Entrainment  through  Electrical  Means 

The  precipitation  of  suspended  matter  in  gases 
may  be  accelerated  by  electrical  means.  If  the 
products  of  combustion  are  made  to  traverse 
an  electrostatic  field,  the  solid  particles  may  be 
intercepted.  This  principle  has  been  employed 
in  the  removal  of  solids  from  the  gases  of  metal- 
lurgical and  other  industrial  furnaces.  A  few 
applications  have  been  made  in  connection  with 
the  furnaces  of  boiler  plants. 

The  principle  involved  has  been  in  the  process 
of  development  for  many  years  and  various 
scientists  have  been  interested  in  it.  Sir  Oliver 
Lodge,  of  the  University  of  Birmingham,  Eng- 
land, has  employed  the  principle  in  eliminating 
the  solids  in  smoke.  In  this  country  Dr.  F.  G. 
Cottrell,  while  occupying  the  position  of  instruc- 
tor in  chemistry  at  the  University  of  California, 
repeated  the  experiments  of  Sir  Oliver  Lodge 
and  sought  to  supplement  the  pioneer  work  by  a 
choice  of  equipment  which  would  respond  to  the 
needs  of  modern  engineering  practice. 

From  activities  originating  in  this  experimental 
work,  a  group  of  patents  has  recently  been  pre- 
sented as  an  endowment  to  the  Smithsonian  Insti- 
tution at  Washington.*  Out  of  this  action  has 
grown  a  "Research  Corporation,"  an  organiza- 
tion which  has  been  brought  into  existence  to 
administer  the  technical  and  business  development 
of  these  patents  and  others  which  may  in  the 
future  be  presented  in  a  similar  way  to  the 
various  institutions  of  learning,  and  to  return 
to  these  institutions  for  use  in  scientific  research 
the  entire  profits  arising  from  such  business,  t 

In  the  practical  development  of  the  principle  of 
electrical  separation,  laboratory  experiments  we 
followed  by  an  installation  at  the  Hercules  Works 
of  the  E.  I.  DuPont-DeNemours  Powder  Company 
at  Pinole,  on  San  Francisco  Bay,  where  particles 
of  acid,  which  would  otherwise  have  passed  off  in 
the  fumes  from  a  contact  sulphuric  acid  unit,  were 
successfully  precipitated  and  intercepted. 

These  experiments  at  Pinole  have  been  fol- 
lowed by  a  series  of  installations  in  connection 
with  smelters  and  cement  mills,  the  purpose  of 
which  has  been  to  entrain  and  recover  the  mineral 


*  Report  of  the  Secretary  of  the  Smithsonian  Institution  for  the  year  ending 
June  30.  1912,  pages  3  to  6. 

t" The  Research  Corporation,  an  Experiment  in  Public  Administration  of 
Patent  Rights,"  by  P.  G.  Cottrell.  Report  of  the  Eighth  Internationa 
Congress  of  Applied  Chemistry,  September,  1912.  Reprinted  in  the  Journal 
of  Industrial  and  Engineering  Chemistry,  December.  1912. 
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\hirll     UtMlM     •  •lllciAMe     have     created     il 

nuisance  "''  invu  \cd  ;'  l"ss  in  materials  treated. 

\V;ilt.T   A    Schmidt   refer-  to  the  principles  of 

the  .11-1  ii >n.  ami  gives  ;i  description  of  an  installation 

by  tin-  Riverside  Portland  (Vim-nt   Company,*  as 

folio 

"It  misfit   U-  well  here  to  say  a  few  words 
regarding  tin-   underlying   principle  of  thr  Cot- 
,11     Electrical     Precipitation     Processes,     for 
lin  arc  not  acquainted  with  the  processes 
who  have  not  the  time  to  read  the  reference 
ted      Stated  in  a  few  words,  the  principle  con- 
's nt  bringing  the  dust  laden  gases  under  the 
inilui -lu-i-  "f  a  series  of  electrodes,  some  of  which 
lintain    a    'silent'    or    'glow'    discharge.     By 
virtue  of  the  discharge,  the  space  between  the 
clcctnxlcs  becomes  filled  with  gaseous  ions  and 
the   dust   particles    passing    through   this   space 
In-come  charged  by  having  these  ions  impinge 
upon   them,    imparting    their   ionic   charges   to 
the  particles.     The  charged  particles  are  then 
•d  through  an  intense  electric  field  which 
causes  them  to  migrate  in  the  direction  of  the 
Held,  which,  in  the  commercial  apparatus,  is  ar- 
ranged transverse  to  the  direction  of  the  flow  of 
the  gases.     The  dust  particles  are  by  this  action 
drawn  out  of  the  gases  and  deposited  upon  the 
el,-.  i he  gases  being  permitted  to  go  their 

way  unaffected  and  emerge  from  the  treating 
•  :>aratus  freed   from   the  solid   particles  which 
had  been  held  in  suspension. 

"The  distinct  advantage  which   this  process 
has  over  the  mechanical  processes  arises  from 
the  fact  that  the  gases  themselves  play  no  part 
in  the  action  in  the  treater,  except  as  carriers 
iridty.     In  all  mechanical  processes,  the 
entire  volume  of  gases  must  be  acted  u|x)n  in 
such  a  way  as  to  take  advantage  of  the  differ- 
ences in  specific  gravity  between  the  suspended 
i.-lcs  and  the  gases  themselves,  or  some  sim- 
ilar action.     In  the  electrical  processes,  the  gases 
>ennitted    to   pass   through    the   apparatus 
unaffected,    while   the   particles   themselves   are 
n  hold  of  individually  by  the  electrical  field 
ami  acted  upon  in  such  a  manner  as  to  draw 
i  out  of  the  current  of  advancing  gases  and 
.   as   to   precipitate   them  upon   the  collecting 
In    order    to    maintain    a    definite 
tion  of  migration  of  the  dust  particles,  the 
trades    must     be    given    an   unidirectional 
electrostatic  charge,   which   in   the  commercial 
apparatus    is    generated    by    rectifying    a   high 
tension  alternating  current.     In  the  commercial 
•.trains  the  |>otential   varies  under  different 
conditions  from  20,000  to  40,000  volts. 

"The  electrode  system  consists  of  two  tomis 
electrodes:    first',    the    discharge    electrodes. 

•••Tt»  Control  at    Dart   in  PortUnd  Cenwnt    MwiuUctur.  br    CoUrdl 


UUm      IBIU  Will ICT      \_f^ni¥iiikwi« 

n««r».  N«w  York.  February  19. 


which  .in   in. uli   in 

condition-.,  but  an-  alw  •  t«on 

.tin)  .in-  .i>  ehutcn  as  t  •  heavy  • 

meal     discharge     from     t ':  lly,     t.hi 

collet-tun;    electrodes    ll|M>tl    which    the     • 

it. i  '.d          I'i  • 

rin  tii in   and    the   form   and   arrangemc! 
n    dioM-ii    that    no   discharge    takes   place   from 
i  heir  surface      The  two  form-  ol   eleetrodi 
alternated  across  tin    apparatus  with  an  ele< 
trode   spacing   of   from    two   to  six   inches. 

nee  varying  with  the  conditions  to  I*-  met 
of  these  rows  of  electrodes  is  placed  in 
the  treater  so  that  the  dust  particles  are  brought 
under    the   suciv  ion   of   this  series  of 

electrode-.  The  length  of  the  treater  is  so 
chosen  as  to  effect  the  desired  cleaning  of  the 
The  cross-section  of  the  apparatus  is 
made  -uch  as  to  bring  a  balance  between  the 
Iwo  forces  acting  upon  the  suspended  particles, 
namely,  the  frictional  force  tending  to  carry 
the  solid  particles  along  with  the  gases,  and  the 
electrical  force  tending  to  draw  the  suspended 
particles  out  of  the  advancing  current  of  gases. 
"In  the  installation  at  the  Riverside  Port- 
land Cement  Company,  the  treater  has  a  • 
section  of  12  by  16  feet  and  an  over-all  length 
of  20  feet.  .  .  .  The  apparatus  is  placed 
upon  a  platform  eon.strncted  at  a  height  corre- 
sjxmding  to  the  top  of  the  original  stacks,  namely. 
So  feet  alxive  ground.  Upon  this  platform  is 
plact-d  a  short  stack  extension  which  extends 
through  the  roof  of  the  building  structure  and 
is  supplied  with  a  damper  of  special  design. 
Upon  either  side  of  the  stack  is  placed  a 
pletc  electrical  treater  separated  from  the  stack 
extension  by  a  large  louvre  damper.  By  means 
of  these  three  damjxTS  the  gas.  s  can  either  IK- 
conducted  through  one  or  the  other  or  both  treat- 
ing ehaml)ers  or  emitted  directly  into  tlv 
mosphcrc  as  occasion  may  warrant  Kach  stack 
is  cquipi>cd  with  two  treater- 
auxiliary  apparatus  for  each  kiln.  In  cast 
treater  should  lx-  shut  down  for  repairs,  cleaning 
or  the  like,  the  other  treater  will  be  able  to  take 
care  of  the  gases  with  moderate  efficiency. 
Under  normal  conditions  the  gases  will  be  per- 
mitted to  pass  through  lx>th  treaters,  insuring 
a  thorough  cleaning  of  the  gases.  The  electrode 
spacing  is  here  chosen  at  6  inches  and  then- 
are  20  rows  of  discharge  electrodes  in  series. 
The  dust  is  precipitated  upon  the  collecting 
electrodes,  which  an-  cleaned  once  every  three 
or  four  hours  by  being  given  a  mechanical  rap- 
ping, this  action  being  made  automatic  in  so 
far  that  the  operator  merely  puts  an  electric 
motor  into  operation.  The  dust  falls  into 
hoppers  from  which  it  is  again  conducted  in- 
to the  bins  fettling  the  rotary  kilns.  Each  tre.it 
er  is  supplied  with  a  small  outlet  stack  20  feet 
high,  which  is  sufficient  to  compensate  for 
the  resistance  offered  to  the  gases  by  the 
treater.  .  .  .  Sensitive  pyrometers  do  not 
indicate  any  change  of  temperature  hi  the  kilns 
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or  stacks  when  the  gases  are  permitted  to  es- 
cape directly  into  the  atmosphere  or  are  passed 
through  the  treater. 

"The  operating  costs  of  the  apparatus  arc 
low.  A  complete  treater  of  the  size  described 
consumes  approximately  7.5  kilowatts.  This 
includes  electrical  energy  for  all  motors.  A 
5,ooo-barrel  mill  will,  therefore,  consume  ap- 
proximately 75  kilowatts  in  an  entire  installa- 
tion. The  manual  labor  required  consists  of 
one  man  per  shift,  of  the  character  of  men  or- 
dinarily employed  to  run.  electrical  mill  ma- 
chinery. It  is,  however,  usually  advisable  to 
have  an  extra  man  on  duty.  There  is  no  deter- 
ioration in  the  apparatus  under  steady  running, 
and  the  machinery  is  subject  to  exactly  the  same 
wear  as  any  other  piece  of  electrical  machinery." 

It  is  to  be  noted  that  electrical  means  in  the 
precipitation  and  entrainment  of  furnace  waste 
have  thus  far  been  applied  chiefly  to  industrial 
furnaces.  Dr.  Cottrell  states  that,  while  the 
process  is  worthy  of  wide  application  as  a  means 
of  intercepting  such  waste  and  while  its  applica- 
tion as  a  means  of  intercepting  those  constituents 
of  smoke  which  give  rise  to  visibility  and  to  dust 
may  be  possible,  he  does  not  advocate  its  use  as 
a  general  means  in  smoke  abatement  until  all 
other  simpler  measures  have  been  tried.  He 
does  not  indicate  what  are  the  simpler  means. 

It  is  evident  that  the  application  of  electrical 
precipitation  as  a  means  in  smoke  abatement  has 
not  yet  assumed  the  dignity  of  a  settled  practice. 
It  does,  however,  present  a  scientific  possibility; 
it  is  entirely  conceivable  that,  through  the  further 
development  of  mechanisms,  the  principle  may  be 
applied  to  the  discharge  of  all  high  pressure  steam 
boiler  plants  in  the  city  of  Chicago,  to  the  end  that 
the  polluting  elements  in  the  smoke  now  discharged 
from  this  service  may  be  entirely  intercepted. 

The  financial  aspects  of  the  problem  of  complete 
suppression  of  power  plant  smoke  through  the 
use  of  electrical  means  are  obviously  indetermi- 
nate at  this  time.  The  forms  of  apparatus  thus 
far  employed  are  bulky.  Installation  costs  must 
include  the  value  of  some  increase  in  space  for 
the  accommodation  of  the  apparatus  and  of 
electric  equipment  designed  to  supply  direct  cur- 
rent of  high  voltage  for  the  purpose  of  energiz- 
ing the  apparatus.  The  operating  expenses  must 
include,  in  addition  to  the  interest  on  the  invest- 
ment and  the  cost  of  maintenance  and  deprecia- 
tion, the  cost  of  the  power  necessary  to  energize 
the  apparatus,  the  cost  of  controlling  its  action 


and  the  cost  of  disposing  of  the  solids  collected. 
It  is  not  to  be  expected  that,  through  the  addition 
of  such  an  installation,  there  will  be  any  corre- 
sponding return  in  furnace  efficiency  or  in  other 
forms  of  economy.  The  only  purpose  it  can  serve 
is  to  eliminate  objectionable  elements  in  smoke. 
Both  first  cost  and  operating  expense  must  be 
justified  from  a  standpoint  of  smoke  abatement. 

Smoke  Suppression    through   the  Elimination 
of  Solid  Fuel 

Assuming  that  the  elimination  of  solid  fuel  from 
a  portion  or  from  the  whole  of  the  city  of  Chicago 
as  a  means  in  smoke  abatement  were  practica- 
ble, two  substitutes  at  once  suggest  themselves. 
These  are  electric  energy  and  coal  gas.  From  a 
scientific  point  of  view,  irrespective  of  the  larger 
questions  of  financial  practicability,  it  should  be 
possible,  through  the  use  of  either  or  both  of  these 
agencies,  to  perform  all  service  that  is  now  per- 
formed through  the  immediate  use  of  solid  fuels. 
The  costs  which  would  be  entailed  by  any  such 
substitution  would  be  dependent  upon  many  con- 
ditions, to  some  of  the  more  important  of  which 
attention  may  be  directed.  The  question  to  be 
discussed  concerns  the  practicability  of  the  com- 
plete elimination  of  the  7,000,000  tons  of  solid 
fuels  now  burned  annually  under  high  pressure 
steam  boilers  within  the  city  of  Chicago. 

High  pressure  steam  boilers  are  used  primarily 
in  the  development  of  power.  Their  contribu- 
tions to  the  heating  service  of  the  city  are  in  most 
cases  incidental  to  other  services.  Assuming  the 
power  load  on  such  boilers  to  be  fairly  uniform 
throughout  the  year,  the  addition  of  the  heating 
load  in  winter  would  not  disturb  their  load  factor 
by  the  full  amount  of  the  seasonal  change  in  the 
heating  load.  The  reason  for  this  is  to  be  found 
in  the  fact  that  exhaust  steam  from  the  power 
load  is  available  for  heating.  It  is  evident  that 
any  substitute  for  solid  fuels,  for  the  power  load, 
should  be  capable  of  extension  to  cover  the  heat- 
ing load  of  high  pressure  steam  boilers  as  vail. 

The  Possible  Elimination  of  Solid  Fuels 

through  the  Substitution  of 

Electric  Energy 

The  power  requirements  of  the  city,  which  are 
now  being  satisfied  through  the  operation  of  steam 
plants  in  individual  buildings,  may  readily  be 
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supplied  electrically.  The  effects  on  smoke  pro- 
duction of  such  a  transtVr  would  depend  upon 
whether  the  great  centralized  electric  generating 
station  required  was  located  within  the  city  itself 
or  outside  of  the  city,  and  if  located  within  the 

upon  the  character  of  the  plant. 
I'    the  generating  station  were  to  be  located 
within  tin-  city  a  reduction  of  smoke  would  result 
because, 

i  The  greater  efficiency  of  the  large  station, 
compared  with  many  small  ones,  would  result 
in  a  decrease  in  the  quantity  of  fuel  consumed. 

2.  There  are  possibilities  of  suppressing  smoke 
from  large  plants  which  do  not  appear  in  the 
operation  of  small  plants. 

It  the  great  central  electric  generating  station 

located  at  a  point  sufficiently  remote  from 

the  city,  the  total  smoke  arising  from  the  power 

load,  now  caused  by  the  high  pressure  steam  boiler 

plants  of  the  city,  would  be  entirely  removed. 

Such  a  transfer  of  the  existing  steam  power  load 
of  the  city  to  an  electric  power  load  would  in- 
volve the  abandonment  of  many  steam  facilities 
throughout  the  city,  the  installation  of  corre- 
sponding electric  facilities  at  points  of  consump- 
tion, an  increase  in  the  power  capacity  of  generat- 
ing stations  and  an  increase  in  the  capacity  of 
transmission  lines.  Such  a  procedure  would 
entail  enormous  costs.  Whether  the  change  of 
the  entire  power  service  of  the  city  would  or 
w«>uld  not  involve  increased  operating  expenses, 
would  depend  upon  the  conditions  under  which 
the  transfer  and  the  subsequent  conduct  of  the 
service  were  sustained.  An  analysis  of  these  con- 
ditions has  not  been  undertaken.  Such  a  change, 
ver,  would  not  be  revolutionary.  Its  appli- 
cation to  individual  plants  is  already  in  progress, 
livery  such  transfer,  as  it  occurs,  tends  to  reduce 
the  sum  total  of  the  load  carried  by  comparatively 
small  steam  plants  and,  by  so  doing,  it  becomes 
an  aid  in  smoke  abatement.  General  progress 
in  Miioke  abatement  will,  therefore,  undoubtedly 
profit  by  an  extensive  and  continuous  investiga- 
tion of  individual  plants  to  the  end  that  a  trans- 
fer in  tin-  form  of  power  may  be  encouraged 
wherever  it  may  be  justified  by  conditions  j>ecu- 
liar  to  the  plant. 

The  discussion  thus  far  deals  with  the  transfer 
from  steam  to  electricity  of  the  power  loads  only. 
If  the  transfer  described  were  brought  atxnit.  it 


would  still  )>c  necessary  to  retain  steam  boil> 
many  existing  plants  and  to  burn  furl  under  fix-in 
during  a  portion  of  the  vcar  for  heating,  tin  low 
other  provisions  could  U-  made  The  state  of 
the  art  presents  no  serious  technical  difficulty 
to  the  supplying  of  heat  electrically  but  the 
process  is  exjiensive  both  as  regards  capital  costs 
and  fuel  consumption.  It  may  be  assumed  that 
the  capital  cost  incident  to  generating,  transmit- 
ting and  absorbing  a  given  quantity  of  electric 
energy  in  heating  an  office  building  in  the  business 
district  of  Chicago,  will  be  approximately  five 
times  that  of  installing  steam  heating  apparatus 
in  the  same  building;  also  that  the  operating 
efficiency  of  such  a  system  of  central  station  heat- 
ing, when  compared  with  the  efficiency  of  steam 
plants  of  ordinary  construction  located  within 
the  building,  will  necessarily  be  low.  T 
statements  may  be  accepted  as  indicating  the 
financial  impracticability,  under  conditions  fixed 
by  present  procedure,  of  any  general  scheme  for 
heating  Chicago  by  means  of  steam  driven  electric 
generating  stations.  Conditions  will,  however, 
appear  from  time  to  time  under  which  a  certain 
amount  of  heat  may  be  supplied  profitably  by 
electrical  means  in  individual  buildings,  and  the 
time  may  come  when  electric  heating  of  build- 
ings will  be  financially  practicable.  The  fact 
remains,  however,  that,  except  under  special  or 
unusual  conditions,  the  cost  of  electric  heating  of 
buildings  is  today  prohibitive. 

Practicability  of  the  Elimination  of  Solid 

Fuels  through  the  Substitution  of 

Fuel  Gas 

The  possibility  of  eliminating  the  solid  fuels 
now  consumed  under  high  pressure  steam  boilers, 
through  the  introduction  of  fuel  gas  supplied  from 
a  central  source,  is  one  which  readily  suggests  it- 
self. For  Chicago  such  gas  must  be  made  from 
coal.  Its  cost  will  depend  upon  many  factors, 
such  as  the  quantity  of  gas  which  can  be  sold,  the 
daily  and  seasonal  load  factors,  the  characteristics 
of  the  fuel  from  which  it  is  produced,  the  process 
by  which  it  is  manufactured  and  its  heating  value. 
An  attempt  to  develop  the  details  of  the  prob- 
lem as  applied  to  Chicago,  assuming  that  Illinois 
coals  will  be  used,  develops  important  issues 
which,  for  the  present,  must  be  regarded  as  specu- 
lative. The  fuel  requirements  for  boiler  service 
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are,  among  those  of  all  the  different  fuel  con- 
suming services,  the  most  difficult  to  satisfy  with 
coal  gas  supplied  from  a  central  source,  since  all 
requirements  of  the  service,  excepting  that  of 
smoke  suppression,  are  easily  and,  on  the  whole, 
satisfactorily  met  by  the  use  of  the  comparatively 
inexpensive  solid  fuels.  On  the  other  hand,  the 
process  of  developing  a  supply  of  coal  gas  delivered 
from  a  central  plant  must  involve  not  only  the 
consumption  of  fuel,  but  also  heavy  added  expense 
arising  from  fixed  charges  on  the  cost  of  a  distant 
gas  plant  and  its  distributing  pipe  lines  as  well 
as  from  inefficiencies  in  the  utilization  of  such 
facilities,  which  would  appear  in  a  varying  load 
factor.  For  these  reasons,  it  is  believed  that  any 
plan  to  manufacture  and  distribute  coal  gas  from 
a  central  source  to  all  of  the  high  pressure  steam 
boiler  service  of  the  city  of  Chicago  is,  at  this 
time,  financially  impracticable.  A  more  immedi- 
ate solution  is  likely  to  be  found  through  local 
installations  of  gas  producers  serving  individual 
boiler  plants  or  closely  associated  groups  of  such 
plants. 

115.06  Furnaces  for  Metallurgical,  Manu- 
facturing and  Allied  Processes :  The  furnaces  for 
metallurgical,  manufacturing  and  allied  processes, 
are  second  in  importance  as  sources  of  atmospheric 
pollution.  They  are  charged  with  nearly  one- 
third  of  the  visible  smoke  and  with  two-thirds  of 
the  soot  and  dust  which  enter  the  atmosphere  of 
Chicago.  As  already  shown  (section  105.31),  a 
large  portion  of  the  solid  constituents  in  such 
smoke  is  not  of  fuel  origin.  It  consists  of  metallic 
substances  which  appear  as  waste  in  manufac- 
turing processes. 

In  setting  forth  the  extent  of  the  atmospheric 
pollution  arising  from  this  service,  it  will  be  well 
to  recognize  the  fact  that  the  service  is  not 
uniformly  distributed  throughout  the  city  but 
that  it  is  well  concentrated  in  a  location  south 
of  the  center  of  the  city. 

Any  discussion  of  the  possibilities  of  eliminating 
smoke  from  industrial  fires  must  emphasize  as  a 
matter  of  first  importance  the  significance  of 
service  conditions.  These  conditions  are  so  widely 
diversified  that  no  general  formula  governing  pro- 
cedure in  smoke  abatement  is  possible.  It  is  this 
fact  that  makes  the  problem  of  abating  smoke 
arising  from  metallurgical  and  other  industrial 
fires  one  of  the  most  difficult,  if  not  the  most 


difficult,  presented  by  the  fuel  consuming  activ- 
ities of  the  city.  Probably  each  one  of  the  various 
procedures  which  have  been  set  forth  as  being 
applicable  to  the  abatement  of  smoke  in  high 
pressure  steam  boiler  service  may,  under  the 
varying  conditions  of  practice,  find  some  field 
of  application  in  the  maintenance  of  industrial 
fires.  The  automatic  stoker  and  special  forms 
of  "smoke  consuming"  furnaces,  the  process  of 
smoke  washing,  the  process  of  electric  precipita- 
tion, the  possible  substitution  of  fuel  gas  for  solid 
fuels,  and  the  possibility  of  transferring  power 
loads  from  small  steam  plants  to  electric  motors 
energized  by  current  generated  under  conditions 
favorable  to  smoke  abatement,  may  all  aid  in  the 
solution  of  this  problem. 

Probably  the  most  promising  field  of  emh  . 
is  that  of  encouraging  an  extension  in  the  use  of 
specially  designed  "smoke  consuming"  furnaces, 
of  gas  producers  and  of  producer  gas. 

115.07  Steam  Locomotives :  Steam  locomotives 
rank  third  among  the  smoke  producing  services. 
They  are  responsible  for  a  little  more  'han  one- 
fifth  of  the  visible   smoke  and  for   about   one- 
twelfth  of  the  solid  constituents  of  smoke  which 
pollute  the  atmosphere  of  Chicago.     They   pre- 
sent conditions  which  are  simpler  in  some  respe< 
and  more  complex  in  others  than  those  whirl 
presented  by  the  classes  of  service  already  dis- 
cussed;  they  are  simpler  because  all  fires  in  loco- 
motive service  are  maintained  under  conditions 
which   are   similar,   and   hence   an   improvement 
which  can  be  applied  to  one  becomes  applicable  to 
all;   they  are  more  complex  because  the  intensity 
of  the  process  of  combustion  which  takes  place 
in  locomotive  fire-boxes  is  exceptional.     De 
which  may  easily  be  applied  to  the  furnaces  (if 
stationary  power  plants  find  no  room  for  develop- 
ment in  connection  with  the  furnaces  of  locomo- 
tives.    Notwithstanding  this  fact,  the  art  of  smoke 
suppresvsion  in  locomotive  service  is  already  well 
developed.     In  no  other  class  of  fuel  consuming 
service  are  individual  plants  so  generally  equipped 
with    approved    devices    for    preventing    smoke 
(section    114.07). 

115.08  Low  Pressure   Steam  and  other  Sta- 
tionary  Heating    Plants:     In    Chicago    approxi- 
mately 4  per  cent  of  the  visible  smoke  and  9  per 
cent  of  the  solid  constituents  of  smoke  may  be 
attributed  to  fires  sustaining  low  pressure  steam 
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and  other  stationary  heating  plants,  which  include 
all  tires  employed  in  domestic  heating-  This 
amount  is  small  because  the  basis  of  comparison 
is  tin-  full  calendar  year.  The  seasonal  variations 
iu  the  amount  of  domestic  smoke  cover  a  wide 
.  For  four  months  in  the  year  no  smoke  is 
loped  from  such  fires;  for  four  other  months 
th.  amount  developed  is  comparatively  small. 
The  maximum  emission  of  smoke  from  this  serv 
ice  occurs  during  a  comparatively  short  jK-riod  of 
the  year.  An  annual  average  of  4  per  cent  of 
visible  smoke  sent  into  the  atmosphere  of  Chicago 
from  this  service  implies  a  period  of  from  t\\ 
four  months,  during  which  the  contributions  may 
excess  of  15  or  20  per  cent.  During  the 
period  of  its  activity  this  service  is,  therefore,  of 
far  greater  importance,  as  a  source  of  atmospheric 
pollution,  than  would  appear  from  the  average 
values  which  have  been  set  forth. 

The  solid  constituents  of  smoke  from  domestic 
tin--  are  relatively  of  greater  importance  as  sources 
of  atmospheric  pollution  than  their  percentage 
value  indicates.  This  is  due  to  their  character.  The 
solids  of  such  fires,  to  a  much  greater  extent  than 
those  from  other  fires,  are  composed  of  sooty  and 
tarry  particles  which  soil  and  stain  far  more  than 
the  ash  or  fuel  particles  resulting  from  other 
services.  This  fact,  together  with  the  seasonal 
peak  in  the  load  of  this  service,  makes  it  one  of 
the  most  important  smoke  producing  services  pf 
ity. 

One  of  the  great  difficulties  encountered,  in 
attempting  to  reduce  the  amount  of  smoke 
originating  in  domestic  fires,  grows  out  of  the 
large  number  and  the  small  size  of  the  individual 
fires.  Devices  which  may  be  applied  with  profit 
to  large  furnaces  cannot  at  the  present  time  be 
made  serviceable  in  connection  with  domestic 
fires.  Some  investigators,  in  dealing  with  this 
aspect  of  the  question,  have  sought  to  overcome 
the  difficulty  by  bringing  together  the  individual 
flues  of  many  domestic  fires  into  a  single  "smoke 
sewer"  or  chimney,  the  discharge  of  which  would 
possess  sufficient  significance  to  justify  some  form 
of  treatment.  So  far  as  is  known,  no  real  progress 
has  been  made  in  developing  this  method  of  smoke 
abatement. 

Domestic  fires  constitute  a  peculiar  service  also, 
in  that,  as  ordinarily  maintained,  they  receive 
attention  only  at  comparatively  long  intervals. 


This  f.ii  t  prohibits  the  employment  of  many  form* 
of  apparatus  designed  to  control  combustion,  the 
use  of  which  presupposes  the  continuous  presence 
of  an  attendant.  The  fact  also  that  the  equip- 
ment used  for  heating  i-;  in  service  during  a  por- 
tion of  the  year  only,  further  limits  the  <  haracter 
of  the  appliances  with  whieh  a  plant  may  be 
equipped. 

Another  possible  method  of  abating  smoke 
arising  from  domestic  fires  is  to  be  found  in  the 
substitution  of  fuel  gas  for  solid  fuels.  The 
arguments  for  such  a  substitution  -are  better 
sustained  in  their  application  to  domestic  fires 
than  in  their  application  to  the  fires  of  most  other 
services.  The  fact  that,  by  using  gas,  the  labor 
involved  in  the  maintenance  of  coal  fires  is  elimi- 
nated, as  well  as  the  objectionable  dirt  arising 
from  the  storage  of  coal  and  the  disposal  of 
ash,  helps  in  justifying  the  higher  cost  of  the 
gaseous  fuel. 

115.09  Allies  of  Smoke  in  Atmospheric  Pollu- 
tion:   Attention  has  already  been  called  to  the 
secondary  effects  of  the  solid  particles  discharged 
in   smoke   which,    having   collected   on   exposed 
surfaces  of  the  city,  re-enter  the  atmosphere  and, 
with  dust  not  of  fuel  origin,  add  to  the  sum  total 
of  atmospheric  dust.     The  relative  value  of  dirt 
from  all  such  sources,  as  compared   with  that 
directly  emitted  from  chimneys,  is  not  definitely 
known,  but  all  the  evidence  points  to  the  impor- 
tance of  these  allies  of  smoke  as  factors  in  atmos- 
pheric pollution.    Approximately  one-third  of  the 
dirt  in  Chicago's  atmosphere  is  not  directly  related 
to  the  discharge  of  chimneys.     If  all  smoke  were 
to  cease  at  once,  a  considerable  portion  of  present 
day  dirt  would  still  remain.     The  elimination  of 
such  dirt  is  a  problem  in  city  cleaning.     Its  sig- 
nificance  has  already  .been    discussed    (chapter 
112).     While  no  attempt  has  been  made  by  the 
Committee  to  determine    ways   and    means   by 
which  its  polluting  effects  may  be  eliminated  or 
reduced,  it  is  obvious  that  any  well  defined  pro- 
gram for  the   purification  of   the  city's  atmos- 
phere cannot  long  neglect  so  important  a  source 
of  pollution. 

115.10  Advantages   to  be  Derived  from   Re- 
search:    The  discussions  of  this  report  have,  at 
various  points,  emphasized  the  scientific  character 
of  the  city's  problem  of  smoke  abatement.     One 
who  undertakes  a  study  of   this   problem   soon 
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discovers  that  reliable  data  derived  from  carefully 
conducted  statistical  studies  or  from  engineering 
research,  which  are  available  for  his  use,  are  few. 
The  real  problem  in  smoke  abatement  is  in  fact 
not  one  of  legislation  or  of  inspection,  but  one 
of  bringing  together  an  enlarged  fabric  of  facts 
concerning  possibilities  in  the  proper  utilization 
of  fuel,  by  which  legislation  and  inspection  may 
be  safely  guided. 

Chicago  has  done  well  in  providing  a  system  of 
smoke  inspection  and  in  directing  the  activities 
of  this  bureau  along  educative  lines.  The  city's 
department  of  smoke  inspection  has  rendered 
good  service  to  the  public,  but  the  work  thus 
far  accomplished  has  been  limited  in  character 
and  is  insufficient  to  satisfy  the  urgent  needs  of 
the  city.  The  activities  of  the  department,  which 
ought  to  be  city  wide,  are  now  limited  to  a 
comparatively  small  portion  of  the  total  area 
of  the  city,  and  its  program  of  procedure,  which 
ought  to  include  investigations  highly  scientific 


in  character,  does  not,  under  present  day  condi- 
tions, permit  the  inclusion  of  such  work.  The 
city's  next  great  step  in  its  efforts  to  improve 
atmospheric  conditions,  more  important  than  all 
which  have  thus  far  been  taken,  should  be  that 
of  providing  adequately  for  a  permanently  sup- 
ported work  of  research.  A  pure  air  commis- 
sion, supported  by  the  municipality  upon  a  scale 
commensurate  with  the  needs  of  one  of  the 
world's  great  cities,  would  unravel  and  classify 
the  complex  characteristics  of  fuel;  it  would 
develop  a  more  perfect  definition  of  conditions 
to  be  observed  in  the  use  of  each  fuel;  it  would 
be  serviceable  in  placing  before  every  fuel  user  of 
the  city  a  more  perfect  code  governing  his  use  of 
fuel;  it  would  provide  a  permanent  organization 
for  the  study  of  problems  which  are  constantly 
changing ;  it  would  constitute  a  safe  guide  for  new 
legislation;  and  it  would  make  the  city  co-opera- 
tively helpful  in  the  development  of  its  largest 
business  interest — its  coal  consuming  industries. 


PART  II 


TECHNICAL  FEASIBILITY  AND  COST  OF 
ELECTRIFYING  THE  RAILROAD  *     , 
TERMINALS  OF  CHICAGO 


201.   THE   RAILROAD  TERMINALS  OF   CHICAGO 

SYNOPSIS:  The  railroad  terminals  of  Chicago  are  extensive  and  they  sustain  traffic  move- 
ments of  unusual  magnitude.  This  chapter  constitutes  a  description  of  the  terminals  with  particu- 
lar reference  to  structures,  rolling  equipment,  trackage  and  other  facilities  which  will  be  affected  by 
the  introduction  of  any  system  of  electrification. 


201.01  General  Description:  The  lines  of  the 
great  trunk  railroads  having  terminals  in  Chicago 
radiate  from  the  city's  business  center  much  as 
the  spokes  of  a  giant  wheel.  Intersecting  them, 
and  affording  direct  and  easy  communication  be- 
tween all  the  railroads  in  the  terminal  district, 
are  two  belt  railroads.  A  third  intersecting  belt 
road  lies  farther  out,  and  provides  additional 
facilities  by  means  of  which  shipments  may  be 
directed  around  the  city.  Here  and  there, 
convenient  to  the  plants  which  they  serve,  are 
located  various  industrial  railroads.  To  the 
east  of  Chicago,  connecting  rail  transportation 
with  waters  affording  access  to  the  sea,  lie  Lake 
Michigan  and  the  other  Great  Lakes.  To  the 
south  and  east  great  industries  are  centered,  the 
activities  of  some  of  which  have  found  lodgment 
within  the  area  of  another  state.  A  map  of  the 
vast  establishment  making  up  the  railroad  lines, 
yards  and  terminals  of  the  Chicago  District  is 
elsewhere  presented  (section  201.16,  fig.  329). 


The  continuous  growth  for  several  decades  of 
the  business  and  industrial  activities  of  the 
Chicago  District  has  resulted  in  a  corresponding 
extension  of  railroad  facilities.  Each  new  line 
entering  the  city  naturally  sought  a  location  not 
previously  occupied,  with  the  result  that  the 
district  is  intersected  at  rather  uniform  intervals 
by  the  main  lines  of  railroads.  Along  these 
main  lines  have  grown  up  many  establishments 
for  the  handling  of  traffic  and  for  the  care  of 
railroad  equipment.  These  facilities  include  pas- 
senger terminals,  freight  terminals,  motive  power 
terminals,  and  railroad  yards  ranging  in  size  from 
the  small  coach  yard  to  the  large  freight  switching 
and  classification  yard.  These  are  some  of  the 
details  which  make  the  Chicago  District  the 
greatest  center  of  railroad  activity  in  the  world. 
The  mileage  of  railroad  tracks  in  the  Chicago 
District  is  sufficient  to  extend  across  the  United 
States  from  the  Atlantic  to  the  Pacific.  The 
railroad  facilities  constitute  establishments  which 
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serve  the  convenience  and  necessities  of  39  dif- 
ferent railroad  corporations.  These  railroads 
require,  for  their  operation  within  the  district, 
approximately  1,700  different  locomotives  daily, 
and  they  handle  daily  a  sufficient  number  of 
freight  cars  to  form  a  continuous  line  from 
Chicago  to  the  Mississippi  River,  a  distance  of 
250  miles.  The  city  passenger  terminals  handle 
nearly  1,400  passenger  trains  every  24  hours. 

Contiguous  to  the  railroads  of  Chicago  and 
having  track  connections  with  them,  are  more 
than  i  ,600  industries  the  requirements  of  which  are 
such  as  to  necessitate  the  shifting  of  many  thou- 
sands of  cars  to  or  from  their  plants  each  day. 
To  a  single  one  of  these,  the  Packing  Industry, 
nearly  1,000  cars,  on  the  average,  are  delivered 
daily,  while  several  other  industries  are  of  such 
magnitude  that  the  constant  service  of  one  or 
more  locomotives  is  required  in  shifting  cars 
within  the  limits  of  their  plants.  The  industries 
of  especial  significance,  from  the  standpoint  of 
railroad  activities,  include  the  Union  Stock 
Yards,  between  Halsted  Street  and  Ashland 
Avenue  from  39th  Street  to  4?th  Street;  the 
Pullman  Company,  at  Pullman;  the  Illinois  Steel 
Company,  at  South  Chicago  and  at  North  Avenue 
and  the  river;  the  Standard  Oil  Company,  at 
Whiting,  Ind. ;  the  Indiana  Steel  Company,  at 
Gary,  Ind.;  the  By-Products  Coke  Corporation, 
at  South  Deering;  the  Universal  Portland  Cement 
Company,  at  Buffington,  Ind.;  the  Corn  Products 
Company,  at  Argo,  111.;  the  American  Car  & 
Foundry  Company,  at  Ashland  Avenue  and  2 ad 
Street;  the  Western  Electric  Company,  at  Haw- 
thorne, 111. ;  the  International  Harvester  Company, 
at  Deering,  West  Pullman  and  South  Deering; 
and  many  others.  Certain  of  these  industries, 
such  as  the  Pullman  Company,  the  Western 
Electric  Company  and  the  International  Harvester 
Company,  require  railroad  facilities  of  such 
magnitude  that  it  has  been  found  expedient  to 
incorporate  them  as  industrial  railroads. 


201.02  Location  of  Railroad  Lines  and  Estab- 
lishments :  When  the  Committee  began  its  work, 
there  was  available  no  map  showing  the  extent 
and  character  of  the  railroad  establishments  of 
Chicago.  The  need  was  such  that  it  was  early 
determined  to  produce  a  complete  map  of  the 
city  having  special  reference  to  the  railroad 
establishments.  To  this  end,  all  railroads  operat- 
ing within  the  Area  of  Investigation  filed  with 
the  Committee  maps  of  their  lines  on  which  were 
shown  all  tracks,  buildings  and  other  facilities 
owned  by  them.  From  these  maps  tracings  were 
prepared  on  a  uniform  scale  of  400  feet  to  one  inch, 
showing  all  railroad  tracks,  buildings  adjacent 
thereto,  and  principal  auxiliary  features  such  as 
street  lines,  rivers  and  parks.  These  tracings 
were  made  in  sheets,  each  embracing  four  land 
sections,  or  four  square  miles.  In  addition  to 
the  maps  furnished  by  the  railroad  companies, 
maps  prepared  by  the  United  States  Government, 
by  Cook  County  and  by  the  city  of  Chicago  have 
been  freely  consulted  with  regard  to  special 
features.  In  many  instances  representativ* 
the  Committee  made  inspections  for  the  purpose 
of  verifying  information  shown  on  the  maps. 
Each  railroad  track  is  indicated  by  a  single 
line,  and  features  which  might  detract  from  the 
clearness  of  track  lay-out  are  omitted.  Among 
such  omitted  features  may  be  mentioned  bridges, 
right-of-way  lines  and  subdivision  lines.  From 
the  tracings  thus  prepared,  engravings  were  made 
to  a  scale  of  800  feet  to  an  inch,  for  that  portion 
of  Chicago  lying  between  Belmont  Avenue  on 
the  north  and  io3d  Street  on  the  south,  each 
engraving  representing  one  land  section,  or  one 
square  mile.  These  engravings  constitute  a  rail- 
road atlas  of  Chicago.  They  are  presented  as 
figs.  94  to  245,  inclusive,  fig.  94  being  an  index 
map  showing  the  location  of  the  various  sections 
covered  by  subsequent  maps.  All  of  these  maps 
were  prepared  on  the  basis  of  conditions  existing 
in  the  Committee's  statistical  year,  1912. 
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Fractional  Section  28  — Twp.  40  N.— R.  14  E.—  3  P.  M.     Scale:   1"  =  80(>' 
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FIG.  96.    SECTION  MAP.  INDEX  NO.  2 
Section  29—  Twp.  40  N.      R.  14  E.— 3  P.  M.    Sate:   l'-800' 
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FIG.  97.    SECTION  MAP,  INDEX  NO.  3 
Section  30— Twp.  40  N.^R.  14  E.— 3  P  M.     Scale:  l'=800' 
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FIG.  98.    SECTION  MAP.  INDEX  N( ).   I 
Sectkxi  25— Twp.  40  N.—  R.  13  E.—  3  P.  M.    Scale:  I'-flOX 
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FIG.  99.    SECTION  MAP.  INDEX  NO.  5 
Section  26  — Twp.  40  N.—  R.  13  E.—  3  P.  M.    Scale:  1'  =  800' 
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FIG.  100.    SECTION  MAP.  INDEX  NO.  6 
Section  27—  Twp.  40  N.—  R.  13  E.—  3  P.  M.    Scale:  T- 800' 
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FIG.  102.    SECTION  MAP.  INDEX  NO.  8 
Section  33—  Twp.  40  N.—  R.  13  E.—  3  P.  M.    Scale:   1* -800" 
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FIG.  103.    SECTION  MAP,  INDEX  NO.  9 
Section  34— Twp.  40  N.—  R.  13  E.—  3  P.  M.    Scale:   1*  =800' 
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FIG.  104.    SECTION  MAP.  INDEX  NO.  10 
Section  35— Twp.  40  N.—  R.  13  E.—  3  P.  M.    Scale:  1'  -800" 
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FIG.  105.    SECTION  MAP,  INDEX  NO.  11 
Section  36— Twp.  40  N.—  R.  13  E.—  3  P.  M.    Scale:   1'  =800' 
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FIG.  103.    SECTION  MAP.  INDEX  NO.  12 
Section31 —Twp.  40  N.—  R.  14  E.  — 3P.M.    Sole:  1* -800" 
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FIG.  107.    SECTION  MAP,  INDEX  NO.  13 
Section  32  — Twp.  40  N.  — R.  14  E.  — 3  P.  M.    Scale:  l'=800' 
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FIG.  108.    SECTION  MAP.  INDEX  NO.  14 
Fractional  Section*  33and34-Twp.  40  N.-R.  14  E.— 3  P.  M.    Scale:  l'-WO' 
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FIG.  109.    SECTION  MAP,  INDEX  NO.  15 
Fractional  Section  3  — Twp.  39  N.—  R.  14  E.— 3  P.  M.    Scale:  l'=800' 


THE   RAILROAD    I  I  KMINALS  <>!•    CHICAGO 


FIG.  110.    SECTION  MAP.  INDEX  NO.  16 
Sectk>n4-Twp.  39N.-R.  ME.  — 3P.  M.    Scale:  T-  800" 
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FIG.  111.7JSECTION  MAP,  INDEX  NO.  17 
Section  5 — Twp.  39  N.—  R.  14  E.—  3  P.  M.    Scale:  1* =800' 
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FIG.  112.    SECTION  MAP.  INDEX  NO.  18 
Sections— Twp.  39  N.—  R.  ME.— 3P.M.    Scale:  1'- 800* 
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FIG.  113.    SECTION  MAP,  INDEX  NO.  19 
Section  1—  Twp.  39  N.  —  R.  13  E.  —  3  P.  M.    Scale:   1*=800' 
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FIG.  114.    SECTION  MAP.  INDEX  NO.  20 
Section  2  —  Twp.  39  N.  —  R.  13  E.  — 3  P.  M.    Sate:  1'  -tOV 
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FIG.  115.    SECTION  MAP,  INDEX  NO.  21 
Sections  —  Twp.  39  N.  —  R.  13  E.—  3P.  M.    Scale:  1"=800' 
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FIG.  116.    SECTION  MAP.  INDEX  NO.  22 
Section4  —  Twp.39N.—  R.  13E.—  3  P.  M.    Scale:  1'- BOX 
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FIG.  117.    SECTION  MAP,  INDEX  NO.  23 
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FIG.  118.    SECTION  MAP.  INDEX  NO.  24 
Section  10 -Twp.  39N.-R.  13E.-3P.M.    Sate:  I'-SOO" 


324 


SMOKE  ABATEMENT  AND  ELECTRIFICATION  IN  CHICAGO 


-fW.-CHICAGO- 


AVErf 


AVE. 


WASHINGTON     BLVD. 


W.MADISON--- 


WARREN 

AVE 

ST. 


FIG.  119.    SECTION  MAP,  INDEX  NO.  25 
Section  11  —  Twp.  39  N.—  R.  13  E.  —  3  P.  M.     Scale:  V-800' 
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FIG.  120.    SECTION  MAP.  INDEX  NO.  26 
Sectionl2  — Twp.39N.  — R.  13E.  —  3P.M.    Scale:  I'-BOX 
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FIG.  121.    SECTION  MAP,  INDEX  NO.  27 
Section  7  —  Twp.  39  N  —  R.  14  E.  —  3  P.  M.    Scale:  l'=800' 
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FIG.  122.    SECTION  MAP.  INDEX  NO.  28 
Section  8- Twp.  39  N.— R.  14  E.— 3  P.  M.    Scale:  I'-SOX 
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FIG.  123.    SECTION  MAP,  INDEX  NO.  29 
Section  9  —  Twp.  39  N.— R.  14  E.— 3  P.  M.    Scale:  1"  =  800' 
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FIG.  124.    SECTION  MAP,  INDEX  NO.  30 
Fractional  Section  10  —  Twp.  39  N.—  R.  14  E.—  3  P.  M.    Scale:  1' -800' 
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FIG.  125.    SECTION  MAP,  INDEX  NO.  31 
Fractional  Section  15  —  Twp.  39  N.  —  R.  14  E. — 3  P.  M.    Scale :  1  *  =  800' 
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FIG.  126.    SECTION  MAP.  INDEX  NO.  32 
Section  16- Twp.  39N.-R.  ME-3P.  M.    Scale:  1'- 800- 
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FIG.  127.    SECTION  MAP,  INDEX  NO.  33 
Section  17  —  Twp.  39  R  —  R.  14  E.—  3  P.  M.    Scale:  l'=800' 
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FIG.  128.    SECTION  MAP.  INDEX  NO.  34 
SectionlS—  Twp.  39N.—  R.  14E.  —  3  P.  M.    Scale:  1'- SOX 
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FIG.  129.    SECTION  MAP,  INDEX  NO.  35 
Section  13  —  Twp.  39  N.  —  R.  13  E.  —  3  P.  M.  Scale:  1' -800' 
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FIG.  130.    SECTION  MAP.  INDEX  NO.  36 
Section  14  —  Twp.  39  N.  —  R.  13  E.  —  3  P.  M.    Scale:  1"  -8007 
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FIG.  131.    SECTION  MAP,  INDEX  NO.  37 
Section  15  — Twp.  39  N.  — R.  13.  E.  —  3  P.  M.    Scale:  l'-800' 
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FIG.  132.    SECTION  MAP,  INDEX  NO.  38 
Section  16  -Twp.  39  N.  -  R.  13  E.  -3  P.  M.    Scale:  I'-MO* 
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FIG.  133.    SECTION  MAP,  INDEX  NO.  39 
Section  21  —  Twp.  39  N.  —  R.  13  E.  —  3  P.  M.    Scale:  1' =800' 
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FIG.  134.    SECTION  MAP,  INDEX  NO.  40 
Section22— Twp.  39N.  —  R.13E.  —  3  P.  M.    Scale:  1*  -OW 
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FIG.  135.    SECTION  MAP,  INDEX  NO.  41 
Section  23  — Twp.  39  N.— R.  13  E.— 3  P.  M.    Scale:  1»-800' 
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FIG.  136.    SECTION  MAP.  INDEX  NO.  42 
Section  24  — Twp.  39  N.  — R.  13  E.— 3  P.  M.    Scale:  T-800' 
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FIG.  137.    SECTION  MAP.  INDEX  NO.  43 
Section  19  — Twp.  39  N.  —  R.  14  E.—  3  P.  M.    Scale:   1' =800' 
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FIG.  138.    SECTION  MAP.  INDEX  NO.  44 
Section  20  — Twp.  39  N.—  R.  14  E.—  3PM.    Scale:  T-800' 
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FIG.  139.    SECTION  MAP,  INDEX  NO.  45 
Section  21  —  Twp.  39  N.—  R.  14  E.—  3  P.  M.    Scale:  1' = 800' 
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FIG.  140.    SECTION  MAP.  INDEX  NO.  46 
Fractional  Section  22  —  Twp.  39  N.  —  R.  14  E.  -  3  P.  M.    Scale:  1' -SOW 
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FIG.  141.    SECTION  MAP,  INDEX  NO.  47 
Fractional  Section  27  — Twp.  39  N.  —  R.  14  E.— 3  P.  M.    Scale:  1*=800' 
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FIG.  142.    SECTION  MAP,  INDEX  NO.  48 
Section28  —  Twp.  39  N.  —  R.  14  E.  —  3  P.  M.     Scale:  T-800' 
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FIG.  143.    SECTION  MAP,  INDEX  NO.  49 
Section  29  —  Twp.  39  N.  —  R.  14  E.  —  3  P.  M.    Scale:  l'=800' 
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FIG.  144.    SECTION  MAP,  INDEX  NO.  50 
Section30—  Twp.39N.—  R.14E.—  3  P.  M.    Scale:  1'- 800" 
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FIG.  145.    SECTION  MAP,  INDEX  NO.  51 
Section  25—  Twp.  39  N.  —  R.  13  E.  —  3  P.  M.    Scale:   l'=800' 
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FIG.  146.    SECTION  MAP.  INDEX  NO.  52 
Section  26  — Twp.  39  N.—  R.  13  E.—  3  P.  M.    Scale:  1'  -800' 
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FIG.  147.    SECTION  MAP,  INDEX  NO.  53 
Section  27  — Twp.  39  N.—  R.  13  E.—  3  P.  M.    Scale:  1' =800' 
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FIG.  148     SECTION  MAP,  INDEX  NO.  54 
Section  28  —  Twp.  39  N.  —  R.  13  E.  —  3  P.  M.    Scale:  r 
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FIG.  149.    SECTION  MAP,  INDEX  NO.  55 
Section  33—  Twp.  39  N.—  R.  13  E.  —  3  P.  M.    Scale:  l'=800' 
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FIG.  150.    SECTION  MAP.  INDEX  NO.  56 
Section  34—  Twp.  39  N.  —  R.  13E.-3P.  M.    Scale:  I'-OXX 
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FIG.  151.    SECTION  MAP,  INDEX  NO.  57 
Section  35  — Twp.  39  N.—  R.  13  E.—  3  P.  M.    Scale:  1* =800' 
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FIG.  152.    SECTION  MAP.  INDEX  NO.  58 
Section36—  Twp.  39N.  —  R.  13E.  —  3  P.  M.    Scale:  1'  -SOX 
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FIG.  153.    SECTION  MAP,  INDEX  NO.  59 
Section  31  —  Twp.  39  N.  —  R.  14  E.  —  3  P.  M.    Scale:  1*  =800' 
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FIG.  154.    SECTION  MAP.  INDEX  NO.  60 
Section  32 -Twp-  39N.-R.  14  E.      3  P.  M.    Scale:  I'-SOV 
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FIG.  155.    SECTION  MAP.  INDEX  NO.  61 
Section  33  —  Twp.  39  N.  —  R.  14  E.  —  3  P.  M.     Scale:   l'=800' 
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FIG.  156.    SECTION  MAP,  INDEX  NO.  62 
Fractional  Section  34  —  Twp  39  N.  —  R.  14  E.—  3  P.  M.    Scale:  r-80(X 
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FIG.  157.    SECTION  MAP,  INDEX  NO.  63 
Fractional  Section  35  —  Twp.  39  N.  —  R.  14  E.    Scale:  1' =800' 
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FIG.  158.    SECTION  MAP,  INDEX  NO.  64 
Fractional  Section  2— Twp.  38  N.—  R.  14  E.  -3  P.  M.     Scale:  r  -800* 
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FIG.  159.    SECTION  MAP,  INDEX  NO.  65 
Section  3  — Twp.  38  N.  —  R.  14  E.  — 3  P.  M.    Scale:  l'=800' 
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FIG.  160.    SECTION  MAP.  INDEX  NO.  66 
Section  4  —  Twp.  38  N.  —  R.  14  E.  —  3  P.  M.    Scale:  l'=800' 
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FIG.  161.    SECTION  MAP,  INDEX  NO.  67 
Section  5— Twp.  38  N.  — R.  14  E.— 3  P.  M.    Scale:  l'-800/ 
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FIG.  162.    SECTION  MAP,  INDEX  NO.  68 
Section  6  —  Twp.  38  N.—  R.  14  E.—  3  P.  M.    Scale:  1'  =800' 
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FIG.  163.    SECTION  MAP,  INDEX  NO.  69 
Section  1  —  Twp.  38  N.—  R.  13  E.—  3  P.  M.    Scale:  1'  =800» 
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FIG.  164.    SECTION  MAP,  INDEX  NO.  70 
Section2  —  Twp.38N.  —  R.  13E.  —  3  P.  M.    Scale:  1"- 800' 
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FIG.  165.    SECTION  MAP,  INDEX  NO.  71 
Section  3  —  Twp.  38  N.  —  R.  13  E.  —  3  P.  M.    Scale:  1'  =800' 
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FIG.  166.    SECTION  MAP,  INDEX  NO.  72 
Section  4  —  Twp.  38  N.  —  R.  13  E.  —  3  P.  M.    Scale:  1*  -800* 
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FIG.  167.    SECTION  MAP,  INDEX  NO.  73 
Sections— Twp.  38  N—R.  13  E.  — 3P.M.    Scale:  l'=800' 
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FIG.  168.    SECTION  MAP,  INDEX  NO.  74 
Section  10— Twp.  38  N.  — R.  13  E.  — 3  P.  M.    Scale  :  l'-800' 
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FIG.  169.    SECTION  MAP,  INDEX  NO.  75 
Section  11  —  Twp.  38  N.  —  R.  13  E.  —  3  P.  M.    Scale:  1*  =800' 
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FIG.  170.    SECTION  MAP,  INDEX  NO.  76 
Section  12—  Twp.  38  N.  -  R.  13  E.  —  3  P.  M.    Scale:  1'  =800' 
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FIG.  171.    SECTION  MAP,  INDEX  NO.  77 
Section  7  —  Twp.  38  N.  —  R.  14  E.  —  3  P.  M.    Scale:  l'-800' 
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FIG.  172.    SECTION  MAP.  INDEX  NO.  78 
Section  8  —  Twp.  38  N.  —  R.  14  E.  —  3  P.  M.    Scale:  1*  -800' 
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FIG.  173.    SECTION  MAP,  INDEX  NO.  79 

Section  9  -  Twp.  38  N.  —  R.  14  E.  —  3  P.  M.    Scale:   l'=800' 
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FIG.  174.    SECTION  MAP.  INDEX  NO.  80 
Section  10  —  Twp.  38  N.  —  R.  14  E.  —  3  P.  M.    Scale:  1'  =800' 
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FIG.  175.    SECTION  MAP,  INDEX  NO.  81 
Fractional  Sections  11  and  12  — Twp.  38  N.  —  R.  14  E.— 3  P.  M.    Scale:  l'=800' 
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FIG.  176.    SECTION  MAP,  INDEX  NO.  82 
Fractional  Section  13  — Twp.  38  N.  — R.  14  E.— 3  P.  M.    Scale:   r=800' 
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FIG.  177.    SECTION  MAP,  INDEX  NO.  83 
Section  14— Twp.  38  N.  —  R.  14  E.  — 3P.M.    Scale:   l'=800' 
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FIG.  178.    SECTION  MAP,  INDEX  NO.  84 
Section  15—  Twp.  38  N.—  R.  14  E.—  3  P.  M.    Scale:  1'  =80(X 
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FIG.  179.    SECTION  MAP,  INDEX  NO.  85 
Section  16  — Twp.38N.  —  R.  14  E.  — 3P.M.    Scale:   T-800' 
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FIG.  180.    SECTION  MAP,  INDEX  NO.  86 
Section  17  — Twp.  38  N.  —  R.  14  E.  — 3P.M.    Scale:   l'=800' 
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FIG.  181.    SECTION  MAP,  INDEX  NO.  87 
Section  18  -  Twp.  38  N.—  R.  14  E.  —  3  P.  M.     Scale:   r  =800' 
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FIG.  182.    SECTION  MAP,  INDEX  NO.  88 
Section  13  —  Twp.  38  N.  —  R.  13  E.  —  3  P.  M.    Scale:   1'  -8OX 
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FIG.  183.    SECTION  MAP,  INDEX  NO.  89 
Section  14  — Twp.  38  N.  — R.  13  E.— 3  P.  M.    Scale:   l'=800' 
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FIG.  184.    SECTION  MAP,  INDEX  NO.  90 
Section  15  — Twp.  38  N.  — R.  13  E.  — 3  P.  M.    Scale:  l'=800' 
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FIG.  185.    SECTION  MAP,  INDEX  NO.  91 
Section  16  —  Twp.  38  N.  —  R.  13  E.  —  3  P.  M.    Scale:   l'=800' 
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FIG.  186.    SECTION  MAP,  INDEX  NO  92 
Section  21  —  Twp.  38  N.  —  R.  13  E.  —  3  P.  M.    Scale:  1*  =800' 
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FIG.  187.    SECTION  MAP,  INDEX  NO.  93 
Section  22  —  Twp.  38  N.  —  R.  13  E.  —  3  P.  M.    Scale:  1'  =800' 
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FIG.  188.    SECTION  MAP,  INDEX  NO.  94 
Section  23  —  Twp.  38  N.  —  R.  13  E.  —  3  P.  M.    Scale:  1'  =800' 
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FIG.  189.    SECTION  MAP.  INDEX  NO.  95 
Section  24  —  Twp.  38  N.  —  R.  13  E.  —  3  P.  M.      Scale:   1'  =800' 
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FIG.  190.    SECTION  MAP,  INDEX  NO.  96 
Section  19  —  Twp.  38  N.  —  R  14  E.  —  3  P.  M.    Scale:  1'  =800' 
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FIG.  191.    SECTION  MAP,  INDEX  NO.  97 

Section  20  —  Twp.  38  N.  —  R.  14  E.  —  3  P.  M.    Scale:  1"=800' 
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FIG.  192.    SECTION  MAP,  INDEX  NO.  98 
Section  21  —  Twp.  38  N.—  R.  14  E.—  3  P.  M.    Scale  :\l '  =  800' 
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FIG.  193.    SECTION  MAP,  INDEX  NO.  99 
Section  22  —  Twp.  38  N.—  R.  14  E.—  3  P.  M.    Scale:   1'  =  800' 
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VIC.  194.    SECTION  MAP.  INDEX  NO.  100 
Section  23  — Twp.  38  N.—  R.  14  E.— 3  P.  M.    Scale:   1"-800' 
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FIG.  195.    SECTION  MAP,  INDEX  NO.  101 
Fractional  Section  24  —  Twp.  38  N.  —  R.  14  E.  —  3  P.  M.    Scale:  1'  =800' 
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FIG.  196.    SECTION  MAP.  INDEX  NO.  102 
Fractional  Section  25  —  Twp.  38  N.  —  R.  15  E.  —  3  P.  M.    Scale:  1'  =800' 
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FIG.  197.    SECTION  MAP.  INDEX  NO.  103 
Fractional  Section  30  —  Twp.  38  N.  —  R.  15  E,  —  3  P.  M.     Scale:  l'=800' 
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FIG.  198.    SECTION  MAP.  INDEX  NO.  104 
Section  25  —  Twp.  38  N.  —  R.  14  E.  —  3  P.  M.    Scale:   1'  =800' 
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FIG.  199.    SECTION  MAP,  INDEX  NO.  105 
Section  26  —  Twp.  38  N.  —  R.  14  E.  —  3  P.  M.    Scale:  1'  =800' 
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FIG.  200.    SECTION  MAP,  INDEX  NO.  106 
Section  27  —  Twp.  38  N.  —  R.  14  E.  —  3  P.  M.    Scale:  1" -800' 
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FIG.  201.    SECTION  MAP.  INDEX  NO.  107 
Section  28  —  Twp.  38  N.  —  R.  14  E.  —  3  P.  M.    Scale:   l'-800' 
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FIG.  202.    SECTION  MAP,  INDEX  NO.  108 
Section  29— Twp.  38  N.—  R.  14  E.—  3  P.  M.    Scale:  l'-800' 
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FIG.  203.    SECTION  MAP,  INDEX  NO.  109 
Section  30— Twp.  38  N.  —  R.  HE.  —  3  P.  M.    Scale:   l'=800' 
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FIG.  204.    SECTION  MAP.  INDEX  NO.  110 
Section  25  —  Twp.  38  N.  —  R.  13  E.  —  3  P.  M.    Scale:  1'  -800' 
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FIG.  205.     SECTION  MAP,  INDEX  NO.  111. 
Section  26  —  Twp.  38  N.  —  R.  13  E.  —  3  P.  M     Scale:  1'  =-800' 
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FIG.  206.    SECTION  MAP,  INDEX  NO.  112 
Section  27  —  Twp.  38  N.  —  R.  13  E.  —  3  P.  M.    Scale:  1'  =  800' 
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FIG.  207.    SECTION  MAP,  INDEX  NO.  113 
Section  28  —  Twp.  38  N.  —  R.  13  E.  —  3  P.  M.    Scale:  1'  =800' 
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FIG.  208.    SECTION  MAP,  INDEX  NO.  114 
Section  33  —  Twp.  38  N.  —  R.  13  E.  —  3  P.  M.    Scale:  1*  =800' 
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FIG.  209.    SECTION  MAP,  INDEX  NO.  115 
Section  34  —  Twp.  38  N.  —  R.  13  E.  —  3  P.  M.  Scale:   1'  -800' 
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FIG.  210.    SECTION  MAP,  INDEX  NO.  116 
Section  35  —  Twp.  38  N.  —  R.  13  E.  —  3  P.  M.     Scale:   l'-800' 
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FIG.  211.    SECTION  MAP,  INDEX  NO.  117 
Section  36  —  Twp.  38  N.  —  R.  13  E.  —  3  P.  M.    Scale:  l'=800' 
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FIG.  212.    SECTION  MAP.  INDEX  NO.  118 
Section  31  —  Twp.  38  N.  —  R.  14  E.  —  3  P.  M.    Scale:  1' -800- 
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FIG.  213.    SECTION  MAP,  INDEX  NO.  119 
Section  32  — Twp.  38  N.—  R.  14  E.— 3  P.  M.    Scale:  1"=800' 
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FIG.  214.    SECTION  MAP,  INDEX  NO.  120 
Section  33  —  Twp.  38  N.—  R.  14  E.—  3  P.  M.    Scale:  1'  -  800' 
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FIG.  215.    SECTION  MAP,  INDEX  NO.  121 
Section  34 — Twp.  38  N.—  R.  14  E.—  3  P.  M.    Scale:  1" -800' 
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FIG.  216.    SECTION  MAP,  INDEX  NO.  122 
Section  35  —  Twp.  38  N.  —  R.  14  E.  —3  P.  M.    Scale:  1*  -800' 
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FIG.  217.    SECTION  MAP,  INDEX  NO.  123 
Section  36  —  Twp.  38  N.  —  R.  14  E.  —  3  P.  M.    Scale:  1'  =800' 
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FIG.  218.    SECTION  MAP,  INDEX  NO.  124 
Section  31  —  Twp.  38  N.  —  R.  15  E.  —  3  P.  M.    Scale:  r-800' 
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FIG.  219.    SECTION  MAP,  INDEX  NO.  125 
Fractional  Section  32  — Twp.  38  N.  — R.  15  E.  — 3  P.  M.    Scale:  l'=800' 
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FIG.  220.    SECTION  MAP.  INDEX  NO.  126 
Fractional  Section  5  —  Twp.  37  N.  —  R.  15  E.  —  3  P.  M.    Scale:  1'  -800' 
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FIG.  221.    SECTION  MAP,  INDEX  NO.  127 
Section  6  —  Twp.  37  N.  —  R.  15  E.—  3  P.  M.    Scale:  l'  =  800' 
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FIG.  222.    SECTION  MAP.  INDEX  NO.  128 
Seclion  1  —  Twp.  37  N.  —  R.  14  E.  —  3  P.  M.    Scale:  r-800' 
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FIG.  223.    SECTION  MAP,  INDEX  NO.  129 
Section  2  —  Twp.  37  N.  —  R.  14  E.  —  3  P.  M.  '  Scale:  1*  =800' 
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FIG.  224.    SECTION  MAP.  INDEX  NO.  130 
Sections  — Twp.  37  N.  —  R.  14  E.  — 3P.M.    Scale:   l'-800' 
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FIG.  225.    SECTION  MAP,  INDEX  NO.  131 
Section  4—  Twp.  37  N.  —  R.  14  E.  —  3  P.  M.     Scale:  l'  =  800' 
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FIG.  226.    SECTION  MAP,  INDEX  NO.  132 
Section  5  —  Twp.  37  N.  —  R.  14  E.  —  3  P.  M.    Scale:  1*  -800' 


432          SMOKE  ABATEMENT  AND  ELECTRIFICATION  IN  CHICAGO 


FIG.  227.    SECTION  MAP,  INDEX  NO.  133 
Section  6  —  Twp.  37  N.  —  R.  HE.  —  3  P.  M.     Scale-  l'=800' 
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FIG.  228.    SECTION  MAP,  INDEX  NO.  134 
Section  1  —  Twp.  37  N.  —  R.  13  E.  —  3  P.  M.    Scale:  1'  -  800' 
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FIG.  229.    SECTION  MAP,  INDEX  NO.  135 
Section  2  —  Twp.  37  N.  —  R.  13  E.  —  3  P.  M.     Scale:   1"=800' 
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FIG.  230.    SECTION  MAP,  INDEX  NO.  136 
Sections  —  Twp.  37N.  — R.  13  E.—  3P.M.    Scale:  T-800' 
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FIG.  231.    SECTION  MAP,  INDEX  NO.  137 
Section  4  —  Twp.  37  N.—  R.  13  E.—  3  P.  M.    Scale:  1*  -800' 
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FIG.  232.    SECTION  MAP,  INDEX  NO.  138 
Section  9  —  Twp.  37  N.—  R.  13  E.—  3  P.  M.    Scale:  1' -800* 
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FIG.  233.    SECTION  MAP,  INDEX  NO.  139 
Section  10  —  Twp.  37  N.— R.  13  E.—  3  P.  M.    Scale:  1' =800' 
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FIG.  234.    SECTION  MAP,  INDEX  NO.  140 
Section  11  —  Twp.  37  N.  —  R.  13  E.  —  3  P.  M.    Scale:  T=800' 
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FIG.  235.    SECTION  MAP,  INDEX  NO.  141 
Section  12  —  Twp.  37  N.  — R.  13  E.  —3  P.  M.    Scale:  1" 
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FIG.  236.    SECTION  MAP.  INDEX  NO.  142 
Section  7  —  Twp.  37  N.  —  R.  14  E.  —  3  P.  M.    Scale:  1'  -800' 
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FIG.  237.    SECTION  MAP,  INDEX  NO    143 
Section  8—  Twp.  37  N.  —  R.  14  E.  —  3  P.  M.     Scale:   T =800' 
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FIG.  238.    SECTION  MAP,  INDEX  NO.  144 
Section  9— Twp.  37  N.— R.  14  E.— 3  P.  M.    Scale:  r-800' 
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FIG.  239.    SECTION  MAP,  INDEX  NO.  145 
Section  10  — Twp.  37  N.—  R.  14  E.  — 3  P.  M.  Scale:  1'=  800' 
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FIG.  240.    SECTION  MAP.  INDEX  NO.  146 
Section  11—  Twp.  37  N.  —  R.  14  E.—  3  P.  M.    Scale:  I'-SOO7 
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FIG.  241.    SECTION  MAP,  INDEX  NO.  147 

Section  12  — Twp.  37 N.  —  R.  14  E.— 3P.M.    Scale:  l'=800' 
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FIG.  242.    SECTION  MAP,  INDEX  NO.  148 
Fractional  Section  7  North  of  the  Indian  Boundary  Line.    Twp.  37  N.  —  R.  15  E.  — 3  P.  M.    Scale:  1*  -800' 
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FIG.  243.    SECTION  MAP,  INDEX  NO.  149 
Fractional  Section  12  — Twp.  37  N.  —  R.  15  E.  —  3  P.  M.    Scale:    1"-800/ 
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FIG.  244.    SECTION  MAP,  INDEX  NO.  150 
Fractional  Sections  6  and  7  — Twp.  37  N.  — R.  15  E.— 3  P.  M.    Scale:    1"-800/ 
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FIG.  245.    SECTION  MAP,  INDEX  NO.  151 
Fractional  Sections  5  and  8  — Twp.  37  N.  —  R.  15  E.  —  3  P.  M.    Scale:  r'- 
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201.03  Density  of  Trackage:  When  the  city 
was  small  and  its  future  growth  problematical, 
the  railroads  naturally  placed  their  establishments 
as  close  as  possible  to  the  business  district  as  it 
existed  at  that  time.  In  time  the  city  expanded 
and  enveloped  these  establishments,  thereby  pre- 
venting their  enlargement  to  meet  the  growing 
demands  of  the  railroads.  As  a  result,  the  rail- 
roads have  been  forced  to  make  their  extensions 
by  establishing  new  facilities  farther  out  at 
points  where  land  was  available.  In  some  cases 
this  process  has  been  repeated  two  or  three  times, 
until  many  large  yards  and  other  establishments 
have  been  located  in  the  outlying  districts. 
Examples  of  these  large  outlying  yards  are  the 
Proviso  Yard  of  the  Chicago  &  North  Western 
Railway  at  Proviso,  111.,  the  Godfrey  Yard  of 
the  Chicago,  Milwaukee  &  St.  Paul  Railway  at 
Mannheim,  111.,  the  Wildwood  Yard  of  the  Illinois 
Central  Railroad  near  the  southern  city  limits, 
and  the  Glenn  Yard  of  the  Chicago  &  Alton 
Railroad  at  Glenn,  111.  All  of  these  yards  are  of 
comparatively  recent  construction  and  are  being 
enlarged  from  time  to  time  as  additional  facilities 
are  required. 

The  progressive  character  of  the  growth  of  the 
railroads  may  be  emphasized  by  comparing  the 
extent  of  trackage  in  districts  located  at  varying 
distances  from  the  center  of  the  city.  If,  with  the 
Chicago  City  Hall  as  a  center,  a  series  of  con- 
centric circles  are  drawn  with  radii  of  one,  two, 
three,  four,  five  and  six  miles,  respectively,  it  will 
be  found  that  within  the  first  circle,  two  miles  in 
diameter,  there  are  78  miles  of  track  devoted  to 
yard  purposes,  or  an  average  of  27  miles  of  track 
to  each  square  mile  of  land  within  the  circle. 
In  the  area  between  the  first  and  second  circles 
there  are  141  miles  of  track  devoted  to  yard 
purposes,  or  23.5  miles  of  track  per  square  mile 
of  land;  in  that  between  the  second  and  third 
circles  there  are  174  miles  of  such  track,  or  19.3 
miles  of  track  per  square  mile  of  land;  in  that 
between  the  third  and  fourth  circles  there  are 
in  miles  of  such  track,  or  9.1  miles  of  track  per 
square  mile  of  land;  in  that  between  the  fourth 
and  fifth  circles  there  are  131  miles  of  such  track, 
or  8.6  miles  of  track  per  square  mile  of  land;  and 
in  that  between  the  fifth  and  sixth  circles  there 
are  320  miles  of  such  track,  or  17.2  miles  of  track 
per  square  mile  of  land.  That  portion  of  the 


entire  area  circumscribed  by  the  sixth  circle, 
which  lies  within  the  city  of  Chicago,  embraces 
63)9  square  miles,  or  33.3  per  cent  of  the  total 
area  of  the  city.  Within  this  territory  are  located 
955  miles  of  yard  track,  or  52.4  per  cent  of  all  the 
yard  tracks  of  the  city.  Thus,  within  this  partic- 
ular portion  of  the  city,  representing  a  third  of  its 
area,  are  located  more  than  one-half  of  all  the 
yard  tracks  of  Chicago. 

A  further  idea  of  the  extent  of  the  railroad 
establishments  in  the  Chicago  District  may  be 
gained  by  studying  the  relation  between  the  areas 
occupied  by  railroads  and  the  entire  area  of  the 
city.  For  purposes  of  comparison  it  may  be 
assumed  that  any  area  on  which  railroad  tracks 
are  laid  on  i3-foot  centers  is  entirely  occupied; 
that  the  track  density  on  such  an  area  is  100  per 
cent.  Upon  this  basis  the  trackage  density  of  the 
area  lying  within  six  miles  of  the  Chicago  City 
Hall  is  5.2  per  cent,  while  that  of  the  entire 
city  is  3.6  per  cent. 

The  territory  lying  between  State  and  Canal 
streets  and  between  Monroe  and  Sixteenth 
streets  is  occupied  by  four  large  passenger 
terminals,  many  freight  houses  and  a  number  of 
yards  and  locomotive  terminals.  Similar  condi- 
tions exist  in  the  district  along  Kinzie  Street  from 
Ada  Street  to  Lake  Michigan.  Here  the  improve- 
ments are  old  and  part  of  the  tracks  are  at  grade. 

A  high  trackage  density  also  exists  in  the 
square  mile  between  State  and  Halsted  streets 
from  47th  Street  to  ssth  Street.  This  territory 
embraces  the  sist  Street  Yard  of  the  Chicago  & 
Western  Indiana  Railroad,  with  53  miles  of  track, 
and  the  Garfield  Boulevard  Yard  of  the  Pittsburgh, 
Fort  Wayne  &  Chicago  Railway,  which  has  more 
than  40  miles  of  track.  These  two  yards  present 
a  high  degree  of  economy  of  space,  both  being  laid 
with  track  centers  as  close  together  as  is  practi- 
cable where  tracks  are  used  for  various  purposes. 
The  district  in  the  vicinity  of  95th  Street  and 
Commercial  Avenue  also  presents  a  very  compli- 
cated situation  from  the  standpoint  of  railroad 
trackage  and  its  related  facilities. 

201.04  Railroad  Companies  Operating  in  the 
City  of  Chicago:*  There  are  23  steam  railroads 
classed  as  trunk  lines  which  maintain  both 
freight  and  passenger  service  within  the  Area  of 
Investigation,  either  wholly  over  their  own  tracks 
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or  partly  over  their  own  tracks  and  partly  over 
the  tracks  of  other  companies.  A  list  of  these 
roads  follows: 

Trunk  Lines 

1.  Atchison,   Topeka  &  Santa  Fe  Ry. 

2.  Baltimore  &  Ohio  R.   R. 

3.  Chesapeake  &  Ohio  Ry.  of  Indiana. 

4.  Chicago  &  Alton  R.  R. 

5.  Chicago  &  Eastern  Illinois  R.  R. 

6.  Chicago  &  Erie  R.  R. 

7.  Chicago  &  North  Western  Ry. 

8.  Chicago,   Burlington  &   Quincy  R.   R. 

9.  Chicago  Great  Western  R.   R. 

10.  Chicago,   Indiana  &  Southern  R.   R. 

11.  Chicago,   Indianapolis  &  Louisville  Ry. 

12.  Chicago,   Milwaukee  &  St.   Paul  Ry. 

13.  Chicago,  Rock  Island  &  Pacific  Ry. 
Grand  Trunk  Western  Ry. 

Illinois  Central  R.  R. 

Lake  Shore  &  Michigan  Southern  Ry. 

Michigan   Central  R.   R. 

Minneapolis,  St.  Paul  &  Sault  Ste.  Marie  Ry. 


14. 
15. 
16 
17 
18 

19.  New  York,  Chicago  &  St.  Louis  R.  R. 

20.  Pere  Marquette  R.  R. 

21.  Pittsburgh,  Cincinnati,  Chicago  &  St.  Louis  Ry. 

22.  Pittsburgh,  Fort  Wayne  &  Chicago  Ry. 

23.  Wabash  R.  R. 

In  addition,  the  Cleveland,  Cincinnati,  Chicago 
&  St.  Louis  Railway  has  an  arrangement  by 
which  its  trains  are  brought  into  Chicago  over 
the  tracks  of  the  Illinois  Central  Railroad,  the 
locomotives  and  locomotive  crews  of  the  latter 
company  being  used.  The  Pere  Marquette  Rail- 
road operates  its  passenger  trains  with  its  own 
locomotives  over  the  tracks  of  the  Pittsburgh, 
Fort  Wayne  &  Chicago  Railway  from  Clarke 
Junction,  Ind.,  to  a  point  near  i6th  Street  and 
Stewart  Avenue,  and  thence  over  tracks  of  the 
Baltimore  &  Ohio  Chicago  Terminal  Railroad 
to  the  Grand  Central  Station.  Freight  trains 
of  the  Pere  Marquette  Railroad  enter  the  city 
over  tracks  of  the  Baltimore  &  Ohio  Chicago 
Terminal  Railroad  from  Clarke  Junction,  Ind. 
Certain  other  railroads  regularly  operate  one  or 
more  cars  into  Chicago  as  a  part  of  the  trains  of 
other  companies. 

There  are  ten  steam  railroads  in  the  Chicago 
District  which  may  be  classed  as  switching  or 
belt  lines.  These  are  as  follows: 


Switching  and  Belt  Lines 

1.  Baltimore  &  Ohio  Chicago  Terminal  R.  R. 

2.  Chicago  &  Illinois  Western  R.  R. 

3.  Chicago  &  Western  Indiana  R.  R.  and 

the  Belt  Railway  of  Chicago. 

4.  Chicago  Junction  Ry. 

5.  Chicago  River  &  Indiana  R.  R. 

6.  Chicago  Short  Line  Ry. 

7.  Chicago  Union  Transfer  Ry. 

8.  Elgin,  Joliet  &  Eastern  Ry. 

9.  Illinois  Northern  Ry. 

10.  Indiana  Harbor  Belt  R.  R. 

Each  of  these  railroads  owns  main  and  side 
tracks  within  the  Area  of  Investigation. 

There  are  five  steam  railroads  in  the  Chicago 
District  which  may  be  classed  as  industrial 
railroads,  or  small  railroads  serving  industrial 
establishments,  the  trackage  of  which  lies  wholly 
within  the  Area  of  Investigation.  These  are  as 
follows : 

Industrial  Railroads 

1.  Calumet,  Hammond  &  Southeastern  R.  R. 

2.  Chicago  &  Calumet  River  R.  R. 

3.  Chicago,  West  Pullman  &  Southern  R.  R. 

4.  Manufacturers'  Junction  Ry. 

5.  Pullman  R.  R. 

Some  of  these  operating  companies  embrace 
two  or  more  proprietary  companies,  the  charter 
names  of  the  various  lines  being  retained.  Thus, 
the  Illinois  Central  Railroad  owns  and  operates 
the  Blue  Island  Railroad,  the  Chicago  &  Illi- 
nois Southern  Railroad,  the  Chicago,  Madison  & 
Northern  Railroad,  the  South  Chicago  Railroad 
and  the  Riverside  &  Harlem  Railroad,  in  addi- 
tion to  which  it  also  owns  the  Kensington  & 
Eastern  Railroad  and  a  fourth  interest  in  the 
St.  Charles  Air  Line. 

Several  of  the  railroads,  such  as  the  Indiana 
Harbor  Belt  Railroad,  have  trackage  arrange- 
ments permitting  them  to  operate  locomotives 
and  cars  over  a  very  considerable  portion  of 
the  entire  trackage  within  the  city.  Nearly  all 
the  railroads  in  the  Chicago  District  have  access 
to  the  Union  Stock  Yards,  while  a  large  number  of 
industries  are  served  by  different  railroads  under 
operating  agreements  with  the  roads  owning  the 
trackage  which  provides  access  to  such  industries. 

Agreements  by  which  the  traffic  of  one  rail- 
road may  be  routed  over  the  tracks  of  another 
company  commonly  involve  contract  relations,  a 
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detailed  discussion  of  which  is  beyond  the 
scope  of  this  report.  While  contract  provisions 
vary  in  different  cases,  these  agreements  generally 
provide  that  the  tenant  shall  pay  to  the  owning 
road  an  interest  charge  upon  an  agreed  valuation 
of  the  facilities  used,  and  that  the  cost  of  opera- 
tion shall  be  divided  between  the  owner  and 
tenant  on  a  "user"  or  "wheelage"  basis. 

Frequently,  tracks  and  other  facilities  are 
"jointly  owned,"  that  is,  each  railroad  using  the 
tracks  or  facilities  owns  a  proportionate  share 
thereof.  Many  instances  of  this  kind  exist  in 
Chicago,  probably  the  most  conspicuous  being 
that  of  the  St.  Charles  Air  Line,  which  is 
owned  by  the  Illinois  Central  Railroad,  the  Mich- 
igan Central  Railroad,  the  Chicago,  Burlington 
&  Quincy  Railroad  and  the  Chicago  &  North 
Western  Railway,  in  equal  parts,  and  which  forms 
an  important  connecting  link  between  these  rail- 
roads. Other  examples  of  joint  ownership  of 
main  tracks  include  a  line  from  the  Union  Station 
to  a  point  near  Western  Avenue,  which  is  jointly 
owned  by  the  Chicago,  Milwaukee  &  St.  Paul 
Railway  and  the  Pittsburgh,  Cincinnati,  Chicago 
&  St.  Louis  Railway,  and  a  line  from  the  Union 
Station  to  a  point  near  22d  Street,  which  is  jointly 
owned  by  the  Pittsburgh,  Fort  Wayne  &  Chicago 
Railway  and  the  Chicago  &  Alton  Railroad. 
Tracks  which  form  a  connection  between  different 
railroads  are  usually  jointly  owned. 

One  railroad  may  lease  from  another  the  right 
to  operate  certain  properties,  the  lessor  retaining 
certain  rights  regarding  the  operation  of  its  own 
trains.  Prominent  examples  of  such  agreements 
in  Chicago  occur  in  the  case  of  the  Belt  Railway 
of  Chicago,  which  leases  certain  tracks  and  track 
facilities  from  the  Chicago  &  Western  Indiana 
Railroad,  and  in  that  of  the  Illinois  Northern 
Railway,  which  leases  a  portion  of  the  trackage 
of  the  Atchison,  Topeka  &  Santa  Fe  Railway. 

201.05  Trackage:  The  mileage  of  all  classes 
of  steam  railroad  track  within  the  Committee's 
Area  of  Investigation  has  been  carefully  deter- 
mined from  the  maps  supplied  by  the  various 
railroad  companies.  To  facilitate  this  determina- 
tion a  special  form  was  prepared  upon  which  a 
complete  record  for  each  route  element  was  en- 
tered. A  reproduction  of  this  form  with  typi- 
cal entries  is  presented  as  fig.  246. 


The  information  required  for  "Form  A"  was 
tabulated  by  the  Committee's  staff.  Due  allow- 
ance was  made  for  the  shrinkage  of  blue  prints  or 
for  other  causes  affecting  the  accuracy  of  the  work. 
The  totals  thus  secured  were  carefully  checked 
against  mileage  data  furnished  independently  by 
the  railroad  companies  from  their  records  and 
from  other  available  sources.  In  the  case  of 
some  large  industries,  independent  figures  were 
also  secured,  thus  affording  a  more  complete 
check  upon  the  work  of  the  Committee. 

All  track  was  listed  according  to  the  classifica- 
tions shown  by  "Form  A."  For  each  classifica- 
tion, information  was  compiled  concerning  the 
character  of  the  road-bed,  alignment,  frogs  and 
switches.  Under  "Main  Running  Tracks"  were 
included  those  known  as  "main  tracks,"  that  is, 
the  principal  tracks  of  the  company  kept  open  for 
the  regular  passage  of  through  freight  and  pas- 
senger trains.  Under  "Other  Running  Tracks" 
were  included  certain  tracks  usually  designated 
as  "switching  or  industrial  leads,"  that  is,  tracks 
kept  open  for  the  free  movement  of  locomotives 
while  switching  for  industries,  or  for  making 
movements  partaking  of  the  nature  of  main  line 
work.  ' '  Passenger  Car  Yards' '  include  tracks  com- 
monly designated  as  "Coach  Tracks"  and  other 
tracks  used  for  care  of  passenger  cars  at  places 
other  than  the  train  sheds  of  the  passenger 
stations.  Tracks  located  within  the  confines  of 
passenger  terminal  stations  were  designated  as 
"Passenger  Terminal  Tracks." 

"Freight  Switching  Tracks"  include  practically 
all  of  the  tracks  in  the  large  switching  yards. 
"Freight  Terminal  Tracks"  include  tracks  which 
are  used  for  freight  purposes  in  the  immediate 
vicinity  of  freight  houses.  "Team  Tracks"  in- 
clude those  tracks  set  aside  for  the  placing  of  cars, 
the  traffic  to  and  from  which  is  handled  by  teams. 
"Industrial  Tracks,"  or  those  serving  particular 
industries,  are  divided  into  two  classes: 

i.  Those  owned  by  the  railroad  company. 

a.  Those  owned  by  an  industry  but  connected 
physically  with  the  railroad  under  which  they 
are  listed. 

It  is  customary,  in  the  case  of  this  class  of 
tracks,  for  the  railroad  to  retain  title  to  that 
portion  of  an  industrial  track  which  is  located 
upon  its  right-of-way,  while  the  industry  holds 
title  to  that  portion  which  is  not  located  upon 
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railroad  land.  However,  there  are  many  excep- 
tions to  this  general  rule;  industrial  tracks  have 
been  constructed  under  such  widely  varying 
conditions  that  no  general  rule  is  applicable  to 
particular  cases.  Statistical  facts  concerning  the 
number  of  industries  having  track  connections 
are  elsewhere  presented  (section  103.05).  The 
private  ownership  of  any  considerable  amount 
of  railroad  trackage  is  confined  to  relatively  few 
concerns. 

"Roundhouse  Tracks"  include  those  serving 
the  locomotive  terminals  as  well  as  those  within 
the  building  itself.  "Shop  Tracks"  include  all 
tracks  serving  repair  shops.  This  applies  not 
only  to  the  tracks  within  the  various  buildings 
used  for  shop  purposes,  but  also  to  the  tracks 
outside  of  the  structures  and  used  in  connection 
therewith. 

Tracks  which  are  used  for  various  purposes  have 
been  classified  according  to  their  most  extensive 
use.  All  narrow  gage  tracks  have  been  omitted, 
as  have  also  isolated  sections  of  track,  the  lo- 
cation of  which  will  not  permit  the  continuous 
interchange  of  traffic.  Included  in  such  isolated 
tracks  are  wheel  tracks,  tram  tracks  in  repair 
yards,  tracks  carrying  transfer  tables,  or  other 
tracks  on  which  standard  gage  engines  or  cars 
are  not  operated.  Abandoned  track  has  not  been 
included.  All  crossovers  are  accounted  for,  both 
in  number  and  in  length.  The  data  herein  pre- 
sented are  complete  to  the  end  of  the  Committee's 
statistical  year,  1912. 

In  many  cases  personal  inspection  trips  were 
made  to  test  the  accuracy  of  maps  submitted  by 
the  railroads.  The  net  result  of  this  work  is 
believed  to  be  an  accurate  statement  of  the  steam 
railroad  trackage  of  Chicago  and  its  vicinity. 

A  retabulation  of  the  data  presented  in  "Form 
A"  (fig.  246)  is  set  forth  by  tables  CXXXIII  to 
CXLVII,  inclusive. 

The  mileage  given  in  the  tables  presented  does 
not  agree  in  all  cases  with  the  figures  given  in 
various  printed  documents,  such  as  the  tax  list 
and  the  reports  of  the  Interstate  Commerce 
Commission,  for  the  reason  that  in  these  pub- 
lications privately  owned  industrial  tracks  have 
not  been  included,  and  in  some  cases  accurate  in- 
formation relative  to  abandoned  track  and  cross- 
overs has  evidently  not  been  available  to  persons 
compiling  them.  Complete  agreement  is  further 


precluded  by  the  fact  that  the  tables  herein 
presented  are  corrected  for  new  track  lay-outs, 
data  concerning  which  are  not  presented  in 
published  statistics  of  other  bodies. 

201.06  Grade  Crossings:   Each  of  the  railroad 
companies  in  the  Chicago  District  was  requested 
to  supply  information  concerning  all  avenues  of 
traffic  which  crossed  their  tracks  at  grade  through- 
out the  Area  of  Investigation.     The  nature  and 
extent  of  the  data  thus  requested  are  set  forth  in 
"Form   E,"    "Statement   of   Grade   Crossings," 
which  is  reproduced  as  fig.  247. 

A  summarized  statement  of  facts  of  interest 
concerning  crossings  at  grade  is  presented  by 
tables  CXLVIII  to  CLIII,  inclusive,  and  by  the 
map,  fig.  248. 

A  correct  interpretation  of  the  information 
given  in  the  tables  presented  requires  that  note 
be  taken  of  the  fact  that  the  total  number  of 
crossings  is  a  summary  of  the  number  for  each 
railroad.  For  example,  if  a  street  crosses  three 
different  railroads  lying  side  by  side,  the  number 
of  street  crossings  is  given  as  three  since  each  of 
the  three  railroads  reported  it. 

Of  all  crossings  of  steam  railroads  by  steam 
railroads  at  grade,  more  than  82  per  cent  are 
equipped  with  some  form  of  automatic  or  me- 
chanical protection,  the  remainder  being  subject 
to  protection  by  hand  signals.  Of  the  grade 
crossings  of  steam  railroads  by  streets  and  high- 
ways, 72  per  cent  are  protected  in  some  manner. 
At  least  75  per  cent  of  all  grade  crossings  within 
the  Area  of  Investigation  are  equipped  with  some 
form  of  protection. 

Views  of  various  grade  crossings  throughout 
the  Area  of  Investigation  are  presented  as  figs. 
249  to  262,  inclusive. 

201.07  Bridges:    All  steam  railroads  in  the 
Chicago  District  were  requested  to  furnish  com- 
plete information  concerning  all  track  structures 
on  their  lines,  within  the  Area  of  Investigation. 
For  this  purpose  each  railroad  was  supplied  with 
copies  of   "Form   D,"    "Statement   of   Bridges, 
Culverts  and  Overhead  Crossings,"  a  reproduc- 
tion of  which  is  presented  as  fig.  263. 

A  summary  of  all  railroad  under  crossings  is 
presented  in  table  CLIV  and  of  all  railroad  over- 
head crossings  in  table  CLV. 

It  was  obvious  that  certain  structures  would 
be  reported  twice,  as  for  instance,  in  cases  where 
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TABLE  CXLVII      MILEAGE  OF  STEAM  RAILROAD  TRACK.     SUMMARY  OF  SURFACE  AND  ELEVATED  TRACK,  BY  ROADS 

ZONE  B  IN  INDIANA 
(Basis  of  1911) 


Railroad 

Lineal 
Feet 

Surface  Track 

Elevated  Track 

tarn 

Per 

C.-Iil    ..! 

Ton] 

Track 

la  '/.:.- 
B-Ind. 

Per 

Ont  of 
Track 
in 
Croei- 
oren 

Per 

Cent  of 
Surface 
Track 
in  Zone 
B-Ind. 

Per 
Cent  of 
Total 
Track 
in  Zone 
B-Ind. 

Per 

Ont  of 
Co.'a 
Track 
in  Zone 
B-Ind. 

Lineal 
Feet 

Per 
Cent  of 
Elevated 
Track 

la  /.<•!'•• 
B-Ind. 

Per 
Cent  of 
Total 
Track 

11!      /,.!,.• 

B-Ind. 

Per 
Cent  of 
Co.'« 
Track 
in  Zone 
B-Ind 

1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

1! 

12 

246.515 
168,777 

34,825 
157.728 

542.881 
128.891 

950,176 

152,719 
385,695 
98,055 
85,200 

246,705 
102,085 
20.848 

7.47 
5.11 

1.05 
4.78 

16.45 
3.90 

•   7'. 

4.63 
11.68 
2.97 
1.98 

7.47 
3.09 
0.63 

7.37 
5.04 

1.04 
4.71 

16  23 
3.85 

28.40 

4.66 
11.53 
2.93 
1.95 

7.37 
3.05 
0.63 

99.32 
98.56 

100.00 
99.07 

99.04 
99.46 

97.92 

99.87 
98  35 
99.38 
98.67 

98.69 
98.34 
100.00 

6.700 

100.00 

0.20 

0.69 

i,.  • 

31.97 
6.60 

29.87 

102.82 
24.41 

181.23 

28.92 
73.05 
18.57 
12.35 

46.72 
19.33 

3.95 
7.24 

7.37 
5.04 

1.04 
4.71 

16.23 
3.85 

4.56 
11.53 
2.93 
1.85 

7.37 
3.05 

0.63 

1    M 

0.68 
1.44 

0.00 
0.03 

0.96 
0.54 

1.39 

0.13 
1.06 
0.62 
1.33 

1.31 
1.66 
0.00 

Calumet,  Hammond  &  Southeastern  R.  R  

Chicago  4  Alton  R  R               

Chicago  &  Eastern  Illinois  R.  R  

Chicago  <fc  Erie  R  R                       

Chicago  &  Illinois  Western  R.  R  

Chicago  &  Western  Indiana  R.  R.  and  the  Belt 

Chicago  Great  Western  R  R            

Chicago  Milwaukee  &  St  Paul  Ry         

Chicago  Rock  Island  &  Paci6c  Ry  

Chicago,  West  Pullman  &  Southern  R.  R  

Grand  Trunk  Western  Ry  

Illinois  Central  R  R 

Indiana  Harbor  Belt  R  R                       . 

Michigan  Central  R.  R  

Minneapolis,  St.  Paul  &  Sault  Ste.  Marie  Ry.  .  . 
New  York,  Chicago  &  St.  Louis  R.  R  

Pere  Marquette  R  R 

Pittsburgh,  Cincinnati,  Chicago  A  St.  Louis  Ry 

South  Chicago  &  Southern  R  R  * 

Wabash  Railroad  .      .    . 

Crossovers,  all  railroads  

Totals  

3.301.100 

100.00 

98  66 

6.700 

100  00 

,i  ..,, 

.,;;  72 

100  oo 

*  Operated  by  the  Pennsylvania  R.  R. 

railroads  cross  each  other  at  different  levels. 
Due  allowance  has  been  made  for  such  duplica- 
tion, and  the  totals  indicate  the  correct  number 
of  structures  of  each  class. 

From  these  summaries  it  will  be  seen  that, 
within  the  Area  of  Investigation,  steam  railroad 
tracks  are  carried  by  bridges  over  960  streets  and 
highways,  874  of  which  are  located  within  Zone  A 
or  the  city  of  Chicago.  Within  the  Area  of  In- 
vestigation there  are  43  movable  bridges  over 
waterways,  30  of  which  are  within  the  city  of 
Chicago;  65  fixed  bridges  over  waterways,  14 
of  which  are  within  the  city  of  Chicago;  and  424 
culverts,  151  of  which  are  within  the  city  of 
Chicago.  All  railroad  bridges  within  the  Area  of 
Investigation  embrace  a  total  of  1,879  structures 
which  are  classed  as  railroad  under  crossing 
bridges,  and  576  structures  which  are  classed  as 


railroad  over  crossing  bridges.  The  net  total  of 
all  such  structures,  after  deducting  56  to  allow 
for  bridges  reported  and  counted  twice,  amounts 
to  2,399.  Bridges  over  streets  and  highways 
usually  consist  of  plate  girder  spans  with  solid 
and  waterproofed  floors.  Movable  bridges  over 
waterways  are  of  the  swing,  rolling  lift,  bascule 
or  lift  types.  Fixed  bridges  over  waterways  are 
of  the  truss  or  plate  girder  types. 

Illustrations  of  a  number  of  different  types  of 
bridges  employed  by  the  steam  railroads  of  Chi- 
cago are  presented  as  figs.  264  to  273,  inclusive. 

201.08  Track  Elevation:  As  a  result  of  activi- 
ties extending  over  the  past  quarter  of  a  century, 
most  of  the  railroad  lines  entering  the  city  are 
now  elevated,  together  with  a  number  of  minor 
yards  closely  connected  with  the  main  lines. 
The  effect  of  this  elevation  is  to  separate  the 
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TABLE  CLIII. 


SUMMARY  OP  ALL  CROSSINGS  OF  STEAM  RAILROAD  TRACKS.    ZONKS  A  AND  B 
<Ba*U  el  1911) 
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Steam  Railroad 
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2.3  IV 

S78 

1379 

4.774 

310 

Net  total  number  of  rrnMini«  of  all  elaiaee  

.  -,-••, 

trackage  of  the  railroads  from  the  surface  of  city 
streets.  This  has  been  accomplished  in  most 
cases  by  raising  the  grade  of  the  railroad 
and  by  lowering  that  of  the  intersecting  street. 
Bridges  of  various  types,  upon  which  the  road- 
bed is  carried  over  the  streets,  have  been  em- 
ployed. The  road-bed  between  cross  streets  is 
maintained  usually  on  embankments  between 
the  retaining  walls  set  along  the  edges  of  the 
right-of-way. 

A  map  showing  the  extent  and  location  of  the 
elevated  steam  railroad  lines  in  the  Area  of 
Investigation  is  presented  as  fig.  274. 

A  statistical  record  of  the  number  of  miles  of 
elevated  steam  railroad  road-bed  and  track  com- 
pleted or  under  construction,  December  31, 1914, 
and  of  the  additional  number  of  miles  required 
by  ordinances  to  be  elevated  is  presented  by 
roads  as  table  CLVI. 

Types  of  viaducts  and  retaining  walls  used  in 
connection  with  the  elevation  of  steam  railroad 
lines  in  the  city  of  Chicago  are  illustrated  by 
figs.  275  to  280,  inclusive. 

201.09  Signal  Systems:  All  steam  railroads 
operating  in  the  Chicago  District  were  requested 
to  furnish  complete  information  concerning  their 
block  signal  systems,  signal  bridges  and  inter- 
locking towers  within  the  city  of  Chicago.  For 
this  purpose  the  Committee  supplied  each  rail- 
road with  copies  of  "Form  H,"  "Statement  of 
Signals,"  a  reproduction  of  which  is  presented  as 
fig.  281. 

A  summary  of  the  information  thus  furnished 
by  the  railroad  companies,  concerning  block  sig- 
nals, signal  bridges  and  interlocking  plants 


within  the  city  of  Chicago,  is  presented  as  table 
CLVII. 

Reference  to  table  CLVII  shows  that  within 
the  city  limits  of  Chicago  there  are  160  signal 
bridges,  88  interlocking  plants,  86  interlocking 
towers  and  879  signals  operated  by  track  circuits. 
The  88  interlocking  plants  control  2,784  switches 
and  2,075  signals.  In  the  entire  Area  of  Investi- 
gation there  are  131  interlocking  plants  and  128 
interlocking  towers,  controlling  3,903  switches  and 
3,276  signals. 

Nearly  all  of  the  existing  automatic  block  sig- 
nals are  operated  by  direct  current  track  circuits, 
although  a  few  using  alternating  current  circuits 
have  been  installed.  Within  the  proposed  limits  of 
electrification  there  is  the  equivalent  of  800  miles 
of  single  main  track  protected  by  automatic  signals. 

Automatic  signals  used  in  the  Chicago  terminals 
are  of  a  number  of  types,  varying  with  the  designs 
of  the  different  manufacturers  of  such  apparatus. 
Both  upper  and  lower  quadrant  semaphore  signals 
find  favor  with  the  railroad  companies.  Since 
most  of  the  railroads  in  Chicago  have  at  least  two 
main  tracks,  and  frequently  more,  most  of  the 
automatic  signals  are  carried  on  bridges  which 
span  the  tracks  and  are  constructed  especially 
for  that  purpose.  Excellent  examples  of  modern 
signal  bridges  may  be  found  on  the  lines  of  the 
Chicago  &  North  Western  Railway,  the  Lake 
Shore  &  Michigan  Southern  Railway  and  the 
Pittsburgh,  Fort  Wayne  &  Chicago  Railway. 
These  bridges  occur  at  frequent  intervals  along 
the  tracks  and  are  of  steel  construction.  A 
lighter  form  of  bridge,  for  use  with  a  different 
type  of  signal,  may  be  seen  upon  the  lines 
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FIG.  249.  GRADE  CROSS- 
INGS. Highway  and  electric  rail- 
way crossing  of  the  Elgin,  Joliet  & 
Eastern  Railway  at  86th  Street  and 
Burley  Avenue. 


FIG.  250.  GRADE  CROSS- 
INGS. Chicago  &  Interurban  Rail- 
road crossing  of  the  Chicago,  Rock 
Island  &  Pacific  Railway  at  90th 
Street  and  Vincennes  Road. 


FIG.  251.  GRADE  CROSS- 
INGS. Crossing  of  the  Chicago, 
Lake  Shore  &  South  Bend  Railway 
(South  Shore  Lines),  and  spur  from 
the  Hammond  Branch  of  the  Pitts- 
burgh, Fort  Wayne  &  Chicago  Rail- 
way, south  of  Hammond  Station. 
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FIG.  252.  GRADE  CROSS- 
INGS. Crossing  of  the  Metropoli- 
tan "L"  and  the  Baltimore  &  Ohio 
Chicago  Terminal  Railroad  at  For- 
est Park,  111 


FIG.  253.  GRADE  CROSS- 
INGS. Unprotected  highway 
crossing  of  the  Chicago  &  Council 
Bluffs  Division  of  the  Chicago, 
Milwaukee  &  St.  Paul  Railway,  at 
Grand  Avenue  road,  west  of  the 
Chicago  city  limits. 


FIG.  254.  GRADE  CROSS- 
INGS. Hammond,  Ind.,  crossings 
of  the  Michigan  Central  Railroad, 
the  Chicago  &  Erie  Railroad  and 
the  New  York,  Chicago  &  St.  Louis 
Railroad. 
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FIG.  255.  GRADE  CROSS- 
INGS. Stony  Island  Avenue  high- 
way crossing  of  the  South  Chicago 
Branch  of  the  Illinois  Central  Rail- 
road. 


FIG.  256.  GRADE  CROSS- 
INGS. Highway  crossing  of  the 
Chicago,  Burlington  &  Quincy  Rail- 
road at  La  Grange.  111. 


FIG.  257.  GRADE  CROSS- 
INGS. Highway  crossing  of  the 
Pittsburgh,  Fort  Wayne  &  Chicago 
Railway  at  Sheffield  Avenue,  one 
mile  east  of  Illinois-Indiana  State 
Line. 
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FIG.  258.  GRADE  CROSS- 
INGS. Electric  street  railway 
crossing  of  the  Chicago  &  Western 
Indiana  Railroad,  at  Michigan  Av- 
enue in  Kensington. 


FIG.  259.  GRADE  CROSS- 
INGS. Crossing  of  the  Illinois 
Central  Railroad  with  the  Pitts- 
burgh, Cincinnati,  Chicago  &  St. 
Louis  Railway  and  the  Baltimore 
&  Ohio  Chicago  Terminal  Railroad, 
near  Riverdale. 


FIG.  260.  GRADE  CROSS- 
INGS. Burnside  crossing  of  the 
Illinois  Central  Railroad  with  the 
Belt  Railway  of  Chicago  and  the 
Chicago,  Rock  Island  &  Pacific 
Railway. 
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FIG.  261.  GRADE  CROSSINGS.  Washington  Heights  crossing  of  the  Pittsburgh, 
Cincinnati,  Chicago  &  St.  Louis  Railway  with  the  Chicago,  Rock  Island  &  Pacific 
Railway. 


FIG.  262.    GRADE  CROSSINGS.    Crossing  of  the  Chicago  &  North  Western  Rail- 
way and  the  Chicago,  Milwaukee  &  St.  Paul  Railway,  at  Western  Avenue. 
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FIG.  264.  BRIDGES.  Bascule 
bridge  of  the  Illinois  Central  Rail- 
road, the  Atchison,  Topeka  &  Santa 
Fe  Railway,  and  the  Chicago  & 
Alton  Railroad,  over  the  Chicago 
River  at  31st  Street  and  Archer 
Avenue. 


FIG.  265.  BRIDGES.  Rolling 
lift  bridge  of  the  Baltimore  &  Ohio 
Chicago  Terminal  Railroad  over  the 
Chicago  River  at  Taylor  Street. 


FIG.  266.  BRIDGES.  Swing 
bridge  of  the  Illinois  Central  Rail- 
road across  the  Sanitary  Canal  at 
Kedzie  Avenue. 
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FIG.  267.  BRIDGES.  Pro- 
tected plate-girder  bridge  sepa- 
rating crossing  of  the  Pittsburgh, 
Fort  Wayne  &  Chicago  Railway 
and  the  Lake  Shore  &  Michigan 
Southern  Railway  from  the  Illi- 
nois Central  Railroad,  at  75th 
Street  and  South  Chicago  Avenue. 


FIG.  268.  BRIDGES.  Through 
plate-girder  bridges  over  the 
Chicago  &  Western  Indiana  Rail- 
road at  16th  Street,  separating 
crossings  of  the  Lake  Shore  & 
Michigan  Southern  Railway,  the 
Chicago,  Rock  Island  &  Pacific 
Railway  and  the  St.  Charles  Air 
Line. 


FIG.  269.  BRIDGES.  Through 
truss  bridge  of  the  Metropolitan 
Elevated  Railway,  separating 
crossing  with  the  Chicago  &  North 
Western  Railway,  the  Chicago, 
Milwaukee  &  St.  Paul  Railway 
and  the  Pittsburgh,  Cincinnati. 
Chicago  &  St.  Louis  Railway. 
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FIG.  270.  BRIDGES.  Rolling 
lift  bridges  over  the  ship  canal  at 
Indiana  Harbor,  carrying  the 
tracks  of  the  Chicago,  Indiana  & 
Southern  Railroad,  the  Lake  Shore 
&  Michigan  Southern  Railway,  the 
Baltimore  &  Ohio  Railroad  and  the 
Elgin,  Joliet  &  Eastern  Railway. 


FIG.  271.  BRIDGES.  Plate- 
girder  draw  bridge  of  the  Illinois 
Central  Railroad  over  the  Grand 
Calumet  River  at  Riverdale. 


FIG.  272.  BRIDGES.  Through 
plate-girder  bridge  of  the  Chicago 
&  North  Western  Railway  over 
street  crossing  at  Avondale  Station. 
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FIG.  273.  BRIDGES.  Lift  bridge  of  the  Chicago  &  Alton  Kaiiroad  and  the 
Pittsburgh,  Fort  Wayne  &  Chicago  Railway,  across  the  Chicago  River  at  20th  Street 
and  Stewart  Avenue. 


TABLE    CLVI.     STATISTICS    OF    TRACK    ELEVATION    OF    STEAM    RAILROADS   IN   THE    CITY   OF    CHICAGO 

December   31.    1914 


Railroad 

Elevation  Completed  or  t'ndcr  Construction 

—Work  not  Started 
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1   :,; 

u.M 
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40.36 

.       21   7.' 
21.03 

'    g!67 
ie'.ii 

3.80 

Baltimore  &  (  >hio  R.  R  

Chicago  &  Alton  R   R 

405                                      28.47 

'i'M 

4.42 

'2.46 
4.20 

0.70 

Chicago  &  Erie  R.  R  

"(V92 
29  64 

16,71 
9.70 

1.84 
210.98 

186   12 
68  40 

Chicago  &  North  Western  Ry  

Chicago  &   Western  Indiana  R.  R.  and  the   Belt  Ry.  of 

Chicago,  Indiana  &  Southern  R.  R    



6.87 
1441 

12  20 

21   18 
78.93 

Chicago,  Milwaukee  &  St.  Paul  Ry  

Chicago,  Rock  Island  &  Pacific  Ry  

48.24 

Chicago  Short  Line  Ry  

Chicago  Union  Transfer  Ry  

Chicago,  West  Pullman  &  Southern  R.R.  .    . 



Elgin,  Joiiet  &  Eastern  Ry  

Grand  Trunk  Western  Ry  

2.27 
8.43 
1.75 
0  42 
O.BO 
0.14 
1.77 
13.18 

"o.&:> 

0  95 

6.54 
63.34 
3.81 
1.69 
1  00 
1.27 
:i  .V, 
•  :   M 

Illinois  Central  R.  R.  (Main  Line)  

St.  Charles  Air  Line  

Kankakee  &  Eastern  R.  R  

Illinois  Northern  Ry  

Indiana  Harbor  Belt  R.  R  

Lake  Shore  &  Michigan  Southern  Ry    .  . 

Manufacturers'  Junction  Ry  

Michigan  Central  R.  R  

Minneapolis,  St.  Paul  &  Sauit  Ste.  Marie  Ry.  (Cent.  Term) 
New  York,  Chicago  &  St.  Louis  R.  R  
Pere  Marquette  R.  R  

6  00 
1.90 

156.88 

Pittsburgh,  Cincinnati,  Chicago  &  St.  Louis  Ry 

24.30 

i.eo 

Englewood  Connecting  Ry  

Pittsburgh,  Fort  Wayne  &  Chicago  Ry  .  .  .                               j 

Pullman  Railroad  

Wabash  Railroad  

6.54 

Totals  .  .  .  :  

109  ?] 

1,079.17 

18.06 

72.34 

FIG.  274.    EXTENT  AND  LOCATION  OF  THE  ELEVATED  STEAM  RAILROAD  LINES 
IN  THE  AREA  OF  INVESTIGATION 
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FIG.    275.    TRACK   ELEVATION.    Reinforced    concrete 
bridge  of  the  Illinois  Central  Railroad  at  71st  Street. 


FIG.  278.  TRACK  ELEVATION.  Double  track  plate- 
girder  span  on  the  Chicago,  Milwaukee  &  St.  Paul  Railway 
at  Healy  Station. 


FIG.  276.  TRACK  ELEVATION.  Concrete  retaining 
walls  on  the  Pittsburgh,  Fort  Wayne  &  Chicago  Railway 
at  75th  Street  and  Greenwood  Avenue. 


FIG.  279.  TRACK  ELEVATION.  Deck  plate-girder 
bridge  of  the  Chicago  &  North  Western  Railway  at  Harlem 
Avenue,  Oak  Park. 


FIG.  277.  TRACK  ELEVATION.  Masonry  retaining  wall 
of  the  Chicago  &  North  Western  Railway  at  Kinzie  Street 
and  North  Francisco  Avenue. 


FIG.  280.  TRACK  ELEVATION.  Concrete  retaining 
wall  of  the  Chicago  &  North  Western  Railway  at  East 
Avenue,  Oak  Park. 


THE  RAILROAD  TERMINALS  OF  CHICAGO 


193 


of  the  Illinois  Central  Railroad  north  of 
Street.  Illustrations  of  typical  signals  and  sig- 
nal bridges,  as  used  by  different  railroad  com- 
panies within  the  Chicago  District,  are  pre- 
sented as  figs.  282  to  289,  inclusive. 

Interlocking  towers  are  located  at  principal 
railroad  crossings  or  junction  points.  They 
vary  from  small  buildings  equipped  with  a  single 
lever,  to  buildings  of  considerable  size.  While 


many  of  the  towers  in  the  Chicago  District 
art-  operated  electrically,  some  of  the  largest 
are  operated  by  hand.  The  I^ake  Street  inter- 
im king  plant  of  the  Chicago  &  North  Western 
Railway  is  the  largest  within  the  district.  It 
is  electrically  operated  and  controls  the  tracks 
entering  the  passenger  terminal  on  Madison 
Street.  It  has  212  levers,  of  which  171  are  in 
use  at  the  present  time,  and  controls  67  signals 
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and  167  swiklu-s.     From  this  tower  are  dip 
the  movements  of  345  scheduled  passenger  trains 
per  day,  in  addition  to  the  movements  of  lij-ht 
engines  and  coaches  to  and  from  their  yards. 

The  state  line  tower  of  the  Chicago  &  Western 
Indiana  Railroad,  at  the  Illinois-Indiana  State 
Line,  is  one  of  the  largest  manually  operated 
towers  in  the  United  States,  having  186  levers 
and  controlling  69  signals  and  75  switches.  The 
operation  of  this  tower  requires  the  constant 
services  of  six  men.* 

Views  of  interlocking  towers  in  the  Area  of 
Investigation  are  presented  as  figs.  290  to  293 
inclusive. 

201.10    Fences,  Cattle-Guards  and  Signs :  The 

railroads  in  the  Chicago  District  were  requested 
to  furnish  information  concerning  the  character 


FIG.   282.    SIGNALS.     Disc   signal    ("Banjo"    type)   on 
the  Illinois  Central  Railroad  near  76th  Street. 


FIG.  283.  SIGNALS.  Upper  quadrant  semaphore  signals 
controlling  crossing  of  the  ship  canal  bridges  of  the  Lake 
Shore  &  Michigan  Southern  Railway,  west  of  Indiana  Harbor. 

and  extent  of  fence  enclosing  their  right-of-way, 
and  concerning  all  cattle-guards  and  track  signs 
used  along  their  lines  within  the  Area  of  Investiga- 
tion. For  this  purpose  each  railroad  was  supplied 
with  copies  of  "Form  K,"  "Statement  of  Fences, 
Cattle-guards  and  Signs,"  a  reproduction  of  which 
is  presented  as  fig.  294. 

The  information  obtained  from  the  railroad 
reports  concerning  fences,  cattle-guards  and  signs 
was  retabulated  and  summarized  as  in  the  case  of 
other  similar  data.  The  complete  summary,  by 
roads,  is  presented  as  tables  CLVIII  and  CLIX. 

An  inspection  of  tables  CLVIII  and  CLIX 
shows  that  approximately  70  per  cent  of  the  rail- 
road right-of-way  in  Zone  A  (the  city  of  Chicago) 
is  protected  by  fences,  walls  or  buildings,  and  in 
Zone  B  approximately  65  per  cent  of  the  right- 
of-way  is  thus  protected.  Much  of  the  elevated 
road-bed  is  protected  by  stone  or  concrete  retain- 
ing walls.  The  usual  form  of  protection  in  the 
Chicago  District  consists  of  fencing  of  various 
forms,  the  most  common  being  woven  wire, 
usually  4  feet,  6  inches,  in  height  and  fastened 
to  wood  or  concrete  posts  set  at  intervals  of  from 

•  Thtw  data  relating  to  interlocking  plants  arc  on  the  buia  at  ton. 
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FIG.  284.    SIGNALS.    Standard  signal  bridge  on  the  Pitts- 
burgh, Fort  Wayne  &  Chicago  Railway,  near  Drexel  Avenue. 


FIG.    287.    SIGNALS.    Standard    signal    bridge    on    the 
Illinois  Central  Railroad  near  Riverdale. 


FIG.  285.    SIGNALS.    Double  track  automatic  signals  on 
the  Chicago,  Milwaukee  &  St.  Paul  Railway,  near  Healy  Station. 


FIG.  288.    SIGNALS.      Three  track  signal  bridge  on  the 
Chicago,  Burlington  &  Quincy  Railroad  at  La  Grange,  111. 


FIG.   286.    SIGNALS.    Signal   bridge  on   the  Chicago  & 
North  Western  Railway,  near  Rosehill  Station. 


FIG.  289.    SIGNALS.     Signal  bridge  on  the  St.  Charles 
Air   Line  near  Clark  Street. 
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10  to  1 6  feet.  Cattle-guards  are  little  used  within 
the  city,  since  it  is  recognized  that  they  afford 
practically  no  protection  against  persons  entering 
upon  the  right-of-way  and  there  is  almost  no  need 
of  such  protection  against  animals. 

20 1. 1 1  Main  Passenger  Terminals:  There 
are  in  the  city  of  Chicago  six  large  passenger 
terminals.  This  number  does  not  include  the 
Randolph  Street  suburban  terminal  of  the  Illinois 
Central  Railroad.  The  location  of  each  of  these 
terminals  and  the  routes  over  which  they  are 
reached  are  shown  by  the  map  presented  as  fig.  295. 


The  passenger  terminals  of  Chicago  may  be 
divided  into  three  groups,  the  first  comprising 
the  Chicago  &  North  Western  Station  and  the 
Union  Station;  the  second,  the  La  Salle  Street, 
Grand  Central  and  Dearborn  stations;  and  the 
third,  the  Central  Station  of  the  Illinois  Central 
Railroad. 

The  following  descriptions  of  each  of  the  six 
large  passenger  terminals  are  based  on  the  condi- 
tions existing  in  the  year  1912.  Since  that  date, 
the  Chicago  &  Eastern  Illinois  Railroad  has 
changed  its  terminal  from  the  La  Salle  Street 


FIG.  290.  INTERLOCKING  PLANTS.  Lake  Street  inter- 
locking tower  of  the  Chicago  &  North  Western  Railway.  This  is 
the  largest  plant  of  its  kind  in  Chicago. 


FIG.  292.  INTERLOCKING  PLANTS.  State  line  tower 
of  the  Chicago  &  Western  Indiana  Railroad  near  Hammond. 
Intl.  This  is  one  of  the  largest  manual  interlocking  plants  in 
the  United  States. 


FIG.  291.    INTERLOCKING  PLANTS.    43d  Street  inter- 
locking tower  of  the  Illinois  Central  Railroad, 
typical    of   a  number  of    mechanically    operated  interlockers 
throughout  the  Area  of  Investigation. 


FIG.  293.  INTERLOCKING  PLANTS.  Interlocking 
tower  of  the  Lake  Shore  &  Michigan  Southern  Railway  west  of 
Indiana  Harbor  Station.  This  plant  controls  signals  governing 
the  lift  bridges  over  the  ship  canal. 
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Station  to  the  Dearborn  Station,  and  the  Min- 
neapolis, St.  Paul  &  Sault  Ste.  Marie  Railway  has 
changed  from  the  Central  Station  to  the  Grand 
Central  Station. 

Chicago  &   North  Western  Passenger  Station 

(Madison  Street  Terminal) 
The  Chicago  &  North  Western  Railway  passen- 
ger terminal  is  located  between  Clinton  and  Ca- 
nal streets,  with  its  main  entrance  on  Madison 


Street.  An  exterior  view  of  this  terminal  is  shown 
by  fig.  296. 

This  station  was  opened  for  traffic  June  4,  1911. 
The  building  and  the  tracks  approaching  it  are 
owned  and  controlled  exclusively  by  the  Chi- 
cago &  North  Western  Railway.  During  the  year 
1912,  an  average  of  70  through  passenger  trains 
and  102  suburban  passenger  trains  arrived  at, 
and  71  through  passenger  trains  and  102  suburban 
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FIG.  296. 


CHICAGO  &  NORTH  WESTERN  RAILWAY  PASSENGER  STATION 

(Madison  Street  Terminal) 


passenger  trains  departed  from,  this  terminal 
every  week  day.  The  total  incoming  and  outgo- 
ing passengers  in  1912  was  14,582,315.* 

Illinois  Central  Passenger  Station 
(Central  Station) 

The  Illinois  Central  Station,  located  at  East 
nth  Place  and  Indiana  Avenue,  is  shown  by  fig.  297. 

This  passenger  station  was  opened  for  traffic 
April  17,  1893,  and  an  annex  was  constructed  in 
1903.  Practically  all  of  the  an- 
nex and  most  of  the  main  build- 
ing are  used  for  the  general  offices 
of  the  Illinois  Central  Railroad. 
This  station  is  used  for  through 
passenger  trains  only,  suburban 
trains  having  other  arrange- 
ments for  their  accommodation. 
The  building  and  tracks  ap- 
proaching it  are  owned  by  the 
Illinois  Central  Railroad,  but 
the  station  is  also  used  as  a 
passenger  terminal  by  the  fol- 
lowing railroads : 

i.  The  Michigan  Central 
Railroad,  which  has  trackage 
rights  over  the  Illinois  Central 
Railroad  from  Kensington  Sta- 
tion to  the  Illinois  Central 
Station,  a  distance  of  13  miles. 

*A  detailed  description  of  this  terminal  may 
be  found  in  the  Journal  of  the  Western  Society 
of  Engineers  for  December,  191 1. 


ing   1912   was 


2.  The   Cleveland.    Cincin- 
nati, Chicago  &  St.  Louis  Rail- 
way (Big  Four),  which  has  its 
trains  brought  into  Chicago  by 
the    Illinois  Central   Railroad 
from    Kankakec,   111.,    a    dis- 
tance of  54  miles. 

3.  The  Minneapolis,  St.  Paul 
&  Sault  Ste.   Marie  Railway 
(Soo  Line),  which  has  trackage 
rights  over  the  lines  of  the 
Illinois  Central  Railroad  from 
Forest  Park,  111.,  to  the  Illinois 
( Vntral  Station,  a  distance  of 
13 .6  miles. f 

During  the  year  1912,  an  av- 
erage of  42  through  passenger 
trains  arrived  at,  and  43  depart- 
ed from,  the  Illinois  Central  Sta- 
tion every  week  day.  The  total 
number  of  incoming  and  out- 
going passengers  handled  dur- 
1,594,542. 


Dearborn  Station 

The  Dearborn  Station,  located  between  Federal 
Street  and  Plymouth  Court,  was  opened  for  ser- 
vice May  18,  1885.  It  is  shown  by  fig.  298. 

This  station,  with  the  tracks  approaching  it,  is 
owned  by  the  Chicago  &  Western  Indiana  Rail- 
road but  it  is  also  used  as  a  passenger  terminal  by 
the  following  railroads: 

t  ThU  road  changed  to  the  Grand  Central  Station,  April  i.  1914. 


FIG.  297. 


ILLINOIS  CENTRAL  RAILROAD  PASSENGER  TERMINAL 

(Central  Station) 
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i.  Tin'  Atrliisnn.  Topcka  & 
Santa  !•>  Railway,  which  has 
rights  over  tin-  tracks  of  the 
Chicago  &  Western  Indiana 
Railroad  from  Chicago  & 
Western  Indiana  Junction  to 
Dearborn  Station,  a  distance 
of  i .  a  miles. 

2.  The  Chesapeake  &  Ohio 
Railway  of  Indiana,  which  has 
trackage  rights  over  the  lines 
of    the    Chicago    &   Western 
Indiana    Railroad    from    the 
Illinois-Indiana    State     Line, 
near  Hammond,  Ind.,  to  the 
Dearborn  Station,  a  distance 
of  19.8  miles. 

3.  The  Chicago  &  Erie  Rail- 
road,  which  has  rights   over 
the  tracks  of  the  Chicago  & 
Western  Indiana  Railroad  from 
the  Illinois-Indiana  State  Line, 
near  Hammond,  Ind.,  to  Dear- 
born   Station,    a  distance   of 
19.8  miles. 

4.  The  Chicago,  Indianapolis 
&  Louisville  Railway  (Monon), 
which    has    rights    over    the 
tracks  of  the  Chicago  &  West- 
ern Indiana  Railroad  from  the  Illinois-Indiana 
State  Line,  near  Hammond,  Ind.,  to  Dearborn 
Station,  a  distance  of  19.8  miles. 


FIG    299.    GRAND  CENTRAL  STATION 


FIG.  298.    DEARBORN  STATION 


5.  The  Grand  Trunk  Western  Railway,  which 
has  rights  over  the  tracks  of  the  Chicago  & 
Western  Indiana  Railroad  from  Chicago  & 
Western  Indiana  Junction,  near  4oth  and  Wallace 
streets,  to  the  Dearborn  Station,  a  distance  of 
4.9  miles. 

6.  The  Wabash  Railroad,  which  has  rights  over 
the  tracks  of  the  Chicago  &  Western  Indiana 
Railroad  from  Chicago  &  Western  Indiana  Junc- 
tion, near  75th  and  Wallace  streets,  to  the  Dear- 
born Station,  a  distance  of  8.0  miles;  also  from 
the  Illinois-Indiana  State  Line,  near  Hammond, 
Ind.,  to  the  Dearborn  Station,  a  distance  of 
19.8  miles. 

During  the  year  1912,  an  average  of  39  through 
passenger  trains  and  28  suburban  trains  arrived 
at,  and  37  through  passenger  trains  and  29  sub- 
urban trains  departed  from,  this  station  every 
week  day.  The  total  number  of  incoming  and 
outgoing  passengers  handled  during  1912  was 
4,064,457. 

Grand  Central  Station 

The  Grand  Central  Station,  located  at  the 
southwest  corner  of  Harrison  Street  and  Fifth 
Avenue,  was  opened  for  service  December  to, 
1890.  It  is  shown  by  fig.  299. 

This  station  was  constructed  by  the  Chicago  & 
Northern  Pacific  Railroad,  now  the  Baltimore  & 
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FIG.  300.    UNION  STATION 

Ohio  Chicago  Terminal  Railroad.  A  consider- 
able portion  of  the  building  is  occupied  by  the 
general  offices  of  the  Baltimore  &  Ohio  Chicago 
Terminal  Railroad  and  the  Chicago  Great  West- 
ern Railroad,  and  by  division  offices  of  the  Balti- 
more &  Ohio  Railroad.  The  building  and  tracks 
approaching  it  are  now  owned  by  the  Baltimore 
&  Ohio  Chicago  Terminal  Railroad,  which  uses 
it  as  a  terminal,  as  do  also  the  following  railroads: 

1.  The  Chicago  Great  Western  Railroad,  which 
has  rights  over  the  tracks  of  the  Baltimore  & 
Ohio  Chicago  Terminal  Railroad    from    Forest 
Park,  111.,  to  the  terminal,  a  distance  of   10.8 
miles. 

2.  The    Baltimore   &    Ohio 
Railroad,    which    has    rights 
over  the  tracks  of  the  Balti- 
more   &  Ohio  Chicago    Ter- 
minal Railroad  from  Baltimore 
&  Ohio  Junction,  near    75th 
Street   and    Oakley    Avenue, 
to  the  terminal,  a  distance  of 
1 1 . 2  miles. 

3 .  The  Pere  Marquette  Rail- 
road, which  has  rights  over  the 
tracks  of  the  Baltimore  &  Ohio 
Chicago    Terminal    Railroad 
from   Pere    Marquette    Junc- 
tion,   near    isth    Street    and 
Stewart  Avenue,  to   the    ter- 
minal, a  distance  of  o .  9  mile. 

During    the    year    1912,     an 
average  of  4  suburban  and  15 


through  passenger  trains  arrived 
at,  and  4  suburban  and  15 
through  passenger  trains  de- 
parted from,  the  terminal  every 
week  day.  The  total  incoming 
and  outgoing  passengers  handled 
during  1912  was  883,844. 

Union  Station 

The  Union  Station,  located 
on  the  northeast  corner  of  Adams 
and  Canal  streets,  is  shown  by 
fig.  300. 

This  passenger  terminal  was 
opened  for  traffic  April  4,  1881. 
The  building  and  tracks  imme- 
diately  connected   with    it    are 
owned  by  the  Union  Passenger 
Station  Company,  but  the  ap- 
proaching   main     tracks,    both 
from  the  north  and  the  south, 
are  owned  jointly  by  the  following  railroad  com- 
panies, which  also  use  the  terminal  facilities. 

i.  The  Chicago,  Milwaukee  &  St.  Paul  Rail- 
way, approaching  the  station  from  the  north  and 
west  over  tracks  owned  jointly  with  the  Pitts- 
burgh, Cincinnati,  Chicago  &  St.  Louis  Railway, 
from  Western  Avenue  Junction  to  the  terminal,  a 
distance  of  3  .o  miles. 

a.  The  Pittsburgh,  Cincinnati,  Chicago  &  St. 
Louis  Railway  (Pan  Handle),  approaching  the 
station  from  the  north  and  west  over  the  same 
tracks  as  the  Chicago,  Milwaukee  &  St.  Paul 
Railway,  from  Western  Avenue  Junction  to  the 
terminal,  a  distance  of  3  .o  miles. 

3.  The  Pittsburgh,  Fort  Wayne  &  Chicago 
Railway,  approaching  the  station  from  the  south 
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FIG.  301.  LA  SALLE  STREET  STATION 
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over  tracks  owned  jointly  with  the  Chicago  & 
Alton  Railroad,  from  Chicago  &  Alton  Junction, 
near  a ist. Street  and  Stewart  Avenue,  to  the 
terminal,  a  distance  of  1.8  miles. 

4.  The  Chicago  &  Alton  Railroad,  approaching 
the  station  from  the  south  over  tracks  owned 
jointly  with  the  Pittsburgh,  Fort  Wayne  &  Chi- 


Southrrn  Railway,  from  Knglcwood  to  the  ter- 
minal, a  distance  of  6. 5  m; 

3.  The  Lake  Shore  &  Michigan  Southern  Rail- 
way, which  enters  from  tin-  south  ovor  tracks 
owned  jointly  with  the  Chicago,  Ko<  k  I  .land  & 
Pacific  Railway,  from  Englcwood  to  the  terminal, 
a  distance  of  6 . 5  miles. 


TABLE  CLX.     SUMMARY  OP  TRAFFIC  AT  THE  MAIN  PASSENGER  TERMINALS  OF  CHICAGO 

(Bui*  of  iui.il 


Station 

Date 
Opened 

\mnl»T  ..( 
I'a«rn«i-r« 
handled  during 
1912 

3 

M.A82..H:. 
I..V'i 
4,054,  1--.7 
144 

7.800.599 

O.K47  MX1 

Avera«-  Numli-r  ;l  Through  Train. 
rarh  Wrrk  Day  in  1912 

Armcr  NIIM.I..T  >i(  Huburhaa  Train* 
•Mb  Wcwk  Day  la  1912 

Arrival 

Depart.-.! 

\rr 

Ifc-parf.l 

1 

4 

7 

Chicago  A  North  Western  Station  .... 
Illinois  Central  Station    

.Inn.    4,  1011 
\|.nl  17.  1K03 
.\lnv  IN.  l^v. 
Dec.  10.  IVMI 
April  4,  1881 

.  l,,|.     iJ     1!MW 

TCI 
42 
30 
1A 
72 
A3 

71 

I.I 

1A 
• 
A3 

in-'    - 

28 
4 

51 

1i 

4 

ei 
a 

Grand  Central  Station  .    .  . 

Union  Station  

La  Salle  Street  Station  

cago  Railway,  from  Fort  Wayne  Junction,  near 
2  i^t  Street  and  Stewart  Avenue,  to  the  terminal, 
a  distance  of  i .  8  miles. 

5.  The  Chicago,  Burlington  &  Quincy  Railroad, 
entering  the  station  from  the  south  over  tracks 
owned  jointly  by  the  Chicago  &  Alton  Railroad 
and  the  Pittsburgh,  Fort  Wayne  &  Chicago  Rail- 
way, from  a  point  near  i6th  Street  and  Stewart 
Avenue  to  the  terminal,  a  distance  of  0.9  miles. 

During  the  year  1912,  an  average  of  61  suburban 
and  72  through  passenger  trains  arrived  at,  and 
6 1  suburban  and  69  through  passenger  trains  de- 
parted from,  this  station  every  week  day.  The 
total  number  of  incoming  and  outgoing  passen- 
gers handled  during  1912  was  7,890,599. 

La  Salle  Street  Station 

The  La  Salle  Street  Station,  located  between 
La  Salle  Street  and  Sherman  Street,  with  main  en- 
trance on  Van  Buren  Street,  is  shown  by  fig.  301. 

The  building  was  opened  for  traffic  July  12, 
1903.  It  is  owned  jointly  by  the  Chicago,  Rock 
Island  &  Pacific  Railway  and  the  Lake  Shore 
&  Michigan  Southern  Railway,  and  is  occupied 
largely  by  the  offices  of  these  two  roads.  The 
terminal  is  used  for  both  through  and  suburban 
trains,  which  enter  it  from  the  south  over  tracks 
owned  jointly  by  the  Chicago,  Rock  Island  & 
Pacific  Railway  and  the  Lake  Shore  &  Michigan 
Southern  Railway. 

The  La  Salle  Street  Station  is  used  as  a  terminal 
by  the  following  railroads : 

i.  The  Chicago,  Rock  Island  &  Pacific  Rail- 
way, which  enters  from  the  south  over  tracks 
owned  jointly  with  the  Lake  Shore  &  Michigan 


3.  The  Chicago,  Indiana  &  Southern  Railroad, 
which  has  rights  over  the  tracks  of  the  Lake  Shore 
&  Michigan  Southern  Railway  from  Indiana  Har- 
bor, Ind.,  to  the  terminal,  a  distance  of  19.3  miles. 

4.  The  Chicago  &  Eastern    Illinois  Railroad, 
which  has  rights  over  the  tracks  of  the  Chicago, 
Rock   Island   &  Pacific  Railway   from   Auburn 
Park,   near   79th   and   Wallace    streets,   to    the 
terminal,  a  distance  of  8.6  miles.* 

5.  The  New  York,  Chicago  &  St.  Louis  Railroad 
(Nickel  Plate),  which  has  rights  over  the  tracks 
of  the  Chicago,  Rock  Island  &  Pacific   Railway 
from   Pullman  Junction,  near   Q5th  Street  and 
Blackstone  Avenue,  to  the  terminal,  a  distance  of 
11.4  miles. 

During  the  year  1912,  an  average  of  56  subur- 
ban and  53  through  passenger  trains  arrived  at, 
and  57  suburban  and  53  through  passenger  trains 
departed  from,  this  station  every  week  day. 
The  total  number  of  incoming  and  outgoing 
passengers  handled  during  1912  was  10,847,800. 

20 1. 1 2  Traffic  Summary:   A  summary  of  the 
statistical  facts  with  reference  to  main  passenger 
terminals,  as  set  forth  in  the  preceding  section, 
is  presented  by  table  CLX. 

201.13  Suburban  Passenger  Terminals:    The 
significance  of  the  suburban  terminals  is  indicated 
by  the  character  and  extent  of  the  traffic  handled 
through   them.     The  roads  operating  suburban 
passenger  trains  out  of  Chicago,  the  outermost 
station  reached  by  suburban  trains,  as  defined  by- 
each  road,  and  the  distance  between  this  station 
and  the  Chicago  passenger  terminal,  are  set  forth 
for  the  Committee's  statistical  year,    1912,   by 
table  CLXI. 

•Since  Aug.  I.  191  j.  thi*  railroad  ha*  uaed  the  Drarborn  Station. 
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TABLE  CLXI. 


OUTERMOST  STATIC  NS  REACHED  BY 
SUBURBAN  TRAINS 


Railroad 

Outermost  Suburban 
Station 

No.  Mile, 
from 
Chicago 

IVrminn! 

Baltimore  &  Ohio  Chicago  Terminal  R.  R. 
Chicago  &  Alton  R  R  

Chicago  Heights,  III. 
Joliet,  III. 

30.0 
37.2 

Chicago  &  Eastern  Illinois  R.  R  
Chicago  &  North  Western  Ry  > 

Crete,  111. 
Barrington,  111. 
Waukegan,  111 

30.4 
31.6 
35.9 

West  Chicago,  III. 
Dolton,  III 

30.0 
16.6 

Chicago,  Burlington  &  Quincy  R.  R  
Chicago,  Milwaukee  4  St.  Paul  Ry  .  .  .  .  > 
Chicago.  Rock  Island  4  Pacific  Ry  

Aurora.  111. 
Elgin.  III. 
Libertvvillc.  111. 
Sheridan  Park,  III. 
.Joliet,  111. 

37  4 
36.7 
35.5 

36.7 
55.8 

Illinois  Central  R  R 

Miittfson,  III 
Blue  Island   III 

28.0 
18.7 

) 

Lake  Shore  &  Michigan  Southern  Rv  .... 
Pittsburgh,  Fort  Wayne  4  Chicago  Ry.  .  . 
Wabash  Railroad  .  .  . 

South  Chicago.  III. 
Addison,  111. 
Chesterton,  Ind. 
Valparaiso,  Ind. 
Manhattan.  III. 

12.0 
24  2 
41    1 
43.6 

•i  a 

The  number  of  suburban  passengers  carried  by 
these  roads  during  the  Committee's  statistical 
year,  1912,  as  disclosed  by  the  number  of  tickets 
issued  for  rides  between  Chicago  and  all  subur- 
ban stations  within  the  limits  indicated  by  the 
outermost  station,  is  set  forth  by  table  CLXII. 
This  number  includes  tickets  from  and  to  Chicago. 


bound  to  or  from  the  downtown  business  dis- 
trict, is  handled  by  these  two  stations.  During 
the  year  1912,  an  average  of  145  suburban  pas- 
senger trains  arrived  at,  and  144  departed  from, 
the  Randolph  Street  terminal  every  week  day. 
During  the  same  year  13,301,819  suburban  pas- 
sengers were  handled  by  the  Illinois  Central  Rail- 
road and  most  of  this  traffic  was  served  by  these 
two  stations. 

A  number  of  different  types  of  suburban  pas- 
senger stations,  varying  from  mere  shelter  sheds 
at  outlying  points  for  the  accommodation  of  a 
few  passengers  only,  to  the  more  pretentious 
and  artistic  structures  along  the  "north  shore" 
suburban  lines,  are  illustrated  by  figs.  302  to  309 
inclusive. 

201.14  Freight  Terminals :  The  freight  houses 
of  the  Chicago  terminals  are  of  first  importance 
to  the  daily  business  life  of  the  city.  In  1912, 
8,549,630  tons  of  freight  were  handled  through 
these  freight  houses.  As  nearly  all  freight  handled 


TABLE  CLXII. 


PASSENGERS  CARRIED  BETWEEN  CHICAGO  AND  POINTS   WITHIN   SUBURBAN   LIMITS 

(Basis  of  1012) 


Station  and  Railroad 

Suburban  Pawrafm  Carried 

Per  Cent  of  Total  Suburban 
Paawncrrs 

By  Railroad. 

K..r  Station  or 
Group 

By  Railroad. 

<t:iti.,i,  ,,r 
Gnuip 

1 

a 

» 

4 

Chicago  &  North  Western  Terminal  

12.252.160 

J.100 


:u  SK 

111! 

.01 
34!) 
1    M 
.81 

.60 
.01 

H  in 

31.60 
6.12 

M 

Chicago  4  North  Western  Ry  

Central,  Randolph  St.  and  Van  Buren  St.  Stations 

13,31' 
13,3(11.  Mil 
H.H10 

Illinois  Central  R.  R  

Minneapolis,  St.  Paul  *  Sault  Ste.  Mari?  Ry.  .  . 

Dearborn  Station  •  

1.472.345 

705,000 

:(.. 

1.112 

Chesapeake  4  Ohio  Ry.  of  Indiana  

Chicago  &  Western  Indiana  H.  R  

Grand  Trunk  Western  Ry  

Wabash  Railroad  

Grand  Central  Station  

-   .•      • 
S.4JO 

.'130 

Baltimore  &  Ohio  Chicago  Terminal  R.  R 

Chicago  Great  Western  R.  R  

Union  Station  

154,054 
4,  104.556 
44X.75O 
181,500 

.37 
9.74 
1.07 

11.61 

Chicago  &  Alton  R.  R..  . 

Chicago,  Burlington  A  Quincv  R.  R  . 

Chicago,  Milwaukee  4  St.  Paul  Ry 

Pittsburgh,  Fort  Wayne  4  Chicago  Ry 

La  Salle  St.  Station  

472.777 
53,563 
4,488,971 
3,813.591 

1    13 
.13 

10  .... 

9.08 

20  97 

Chicago  4  Eastern  Illinois  R.  R  

Chicago,  Indiana  4  Southern  R.  R  . 

Chicago,  Rock  Island  4  Pacific  Ry  

Lake  Shore  4  Michigan  Southern  Ry  . 

Totals  

42,119,693 

IJ.I1  •• 

100.00 

100.00 

The  individual  suburban  passenger  stations  in 
Chicago  which  handle  the  largest  number  of 
passengers  are  the  Van  Buren  Street  and  Ran- 
dolph Street  stations  of  the  Illinois  Central 
Railroad.  The  Randolph  Street  Station  con- 
stitutes the  terminal  for  the  suburban  trains  of 
this  railroad.  Practically  all  of  the  suburban  pas- 
senger traffic  of  the  Illinois  Central  Railroad, 


is  carted  from  and  to  them,  their  proximity  to 
the  business  district  is  a  matter  of  importance 
to  shippers.  That  this  feature  of  advantage  has 
not  been  overlooked  by  the  railroads  of  Chicago, 
is  made  obvious  by  the  map  which  is  presented 
as  fig.  310. 

A  list  of  the  freight  houses  in  the  business  dis- 
trict of  Chicago  is  presented  as  table  CLXIII. 
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FIG.  302.    SUBURBAN    STATIONS.    Station    at   Stone 
Avenue,  La  Grange.  111..  Chicago,  Burlington  &  Quincy  Railroad. 


IK,    305.    SUBURBAN  STATIONS.     Station  at   Indiana 
Harbor.  Ind.,  Lake  Shore  &  Michigan  Southern  Railway. 


FIG.  303.     SUBURBAN  STATIONS.     Station    at   East 
Chicago,  Ind.,  Pittsburgh,   Fort  Wayne  &  Chicago   Railway. 


FIG.  308.    SUBURBAN  STATIONS.    Station  at  Forest 
Park,  III.,  Chicago  Great  Western   Railroad. 


FIG.  304.    SUBURBAN  STATIONS.    Station  at   Morgan 
Park,  111.,  Chicago.  Rock  Island  &  Pacific  Railway 


FIG.  307.    SUBURBAN  STATIONS.  Station  at  FTossmoor. 
III..  Illinois  Central  Railroad. 
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TABLE  CLXIII.    FREIGHT  HOUSES  IN  THE  BUSINESS 
DISTRICT  OF  CHICAGO 


Map 

No.* 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
r.s 
59 
60 
61 
62 
63 
64 
65 
(if, 
67 
68 
69 


Owned  by 


Illinois  Central  R.  R 

Illinois  Central  R.  R 

Illinois  Central  R.  R 

Illinois  Central  R.  R 

Michigan  Central  R.  R 

Illinois  Central  R.  R 

Illinois  Central  R.  R 

Michigan  Central  R.  R 

Michigan  Central  R.  R 

Chicago  A  North  Western  Ry 

Chicago  &  North  Western  Ry 

Chicago  &  North  Western  Ry 

Chicago  &  North  Western  Ry 

Chicago,  Milwaukee  &  St.  Paul  Ry 

Chicago,  Milwaukee  A  St.  Paul  Ry 

Chicago  &  North  Western  Ry 

Chicago  &  North  Western  Ry 

Chicago  &  North  Western  Ry 

Pittsburgh,  Cincinnati,  Chicago  A  St.  Louis  Ry 

Chicago,  Milwaukee  A  St.  Paul  Ry 

Chicago,  Milwaukee  &  St.  Paul  Ry 

Chicago,  Milwaukee  A  St.  Paul  Ry 

Chicago,  Milwaukee  A  St.  Paul  Ry 

Pittsburgh,  Cincinnati,  Chicago  A  St.  Louis  Ry 

Chicago,  Milwaukee  &  St.  Paul  Ry 

Pittsburgh,  Fort  Wayne  A  Chicago  Ry 

Pittsburgh,  Fort  Wayne  A  Chicago  Ry 

Pittsburgh,  Fort  Wayne  &  Chicago  Ry 

Chicago  A  Alton  R.  R 

Chicago  A  Alton  R.  R 

Chicago  A  Alton  R.  R 

Chicago  &  Alton  R.  R 

Pittsburgh,  Fort  Wayne  A  Chicago  Ry 

Chicago,  Burlington  A  Quincy  R.  R 

Chicago,  Burlington  A  Quincy  R.  R 

Chicago,  Burlington  &  Quincy  R.  R 

Chicago,  Burlington  A  Quincy  R.  R 

Pittsburgh,  Fort  Wayne  A  Chicago  Ry 

Chicago  Great  Western  R.  R 

Pere  Marquette  R.  R . 

Baltimore  A  Ohio  R.  R 

Baltimore  4  Ohio  R.  R 

Chicago,  Rock  Island  A  Pacific  Ry 

Chicago,  Rock  Island  &  Pacific  Ry 

Lake  Shore  &  Michigan  Southern  Ry 

Lake  Shore  &  Michigan  Southern  Ry .  .  . 

Wabash  R.  R 

Chicago,  Indianapolis  A  Louisville  Ry .  .  . 

Grand  Trunk  Western  Ry 

Chicago  &  Eastern  Illinois  R.  R 

New  York,  Chicago  &  St.  Louis  R.  R . . . 

New  York,  Chicago  &  St.  Louis  R.  R 

Chicago,  Rock  Island  &  Pacific  Ry 

Chicago,  Rock  Island  A  Pacific  Ry 

Chicago  &  Eastern  Illinois  R.  R 

Chicago,  Rock  Island  &  Pacific   Ry 

Chicago  &  Eastern  Illinois  R.  R 

Wabash  R.  R 

Grand  Trunk  Western  Ry 

Atchison,  Topeka  &  Santa  Fe  Ry 

Chicago,  Rock  Island  &  Pacific  Ry    . 

Chicago  &  Erie  R.  R 

Atchison.  Topeka  &  Santa  Fe  Ry 

Chicago,  Burlington  A  Quincv  R.  R 
Pittsburgh,  Fort  Wayne  A  Chicago  Ry .  .  .  . 

Chicago,  Burlington  A  Quincy  R.  R 

Baltimore  A  Ohio  Chicago  Terminal  R.  R.  . 

Chicago  A  North  Western  Ry 

Chicago,  Burlington  A  Quincy  R.  R . 


Due 


Dock  house 
Inbound  t 
Fruit  house 
Outbound 
Inbound 
Dock  boon 

I'.:.   OB  ! 

Outbound 

Inbound 

Outbound 

Outbound 

Inbound 

Fruit  house 

Outbound 

Inbound 

Freight  storage 

Outbound 

Inbound 

Inbound 

Inbound 

Freight  offices 

Outbound 

Outbound 

Outbound 

Dock  house 

Inbound 

Inbound 

Outbound 

Freight  office 

In  and  out  t 

Inbound 

Outbound 

In  and  out 

Freight,  office 

Outbound 

Outbound 

Inbound 

Inbound 

In  and  out 

In  and  out 

Inbound 

Outbound 

Inbound 

Outbound 

Outbound  I 

Inbound  d 

Outbound 

Out  and  in 

'  lutUound 

Outbound 

Inbound 

Outbound 

Outbound 

Outbound 

Offices 

Dock  house 

Inbound 

Inbound 

Inbound 

Outbound 

Dock  house 

In  and  out 

Inbound 

In  and  out 

Transfer 

Freight  storage 

Outbound  *J 

Inbound 

Outbound 


*  This  number  corresponds  to  the  numbers  shown  on  the  map,  fin    i  i » 
t  Leased  by  M  St.  P.  &  S.  S.  M.  Ry.  which  now  (1914)  uses  its  own  ter 

at  1 2th  and  Canal  streets, 
t  Handles  C.  &  O.  Ry.  freight  exclusively. 
S  Also  handles  C.  I.  &  S.  R.  R.  freight. 
•I  Leased  by  C.  M.  &  St.  P.  Ry. 


FIG  308.    SUBURBAN  STATIONS.     Station  at  Rogers 
Park,  Chicago  &  North  Western  Railway. 


FIG.  309.  SUBURBAN  STATIONS.  Station  at  Park 
Ridge,  111.,  Chicago  &  North  Western  Railway. 

All  the  principal  freight  houses  of  the  city  are 
within  one  and  a  quarter  miles  of  the  postoffice. 
The  few  outlying  freight  houses  may  be  con- 
sidered as  auxiliary  facilities  established  for  the 
greater  convenience  of  secondary  business  cen- 
ters. Examples  of  this  type  may  be  found  in  the 
freight  stations  of  the  Pittsburgh,  Fort  Wayne 
&  Chicago  Railway  at  Grand  Crossing  and  the 
Lake  Shore  &  Michigan  Southern  Railway  at 
South  Chicago,  and  in  the  freight  station  of  the 
Illinois  Central  Railroad  at  Kensington.  Many 
of  these  outlying  freight  stations  handle  a  large 
volume  of  business  and  serve  large  business  dis- 
tricts. There  are  also  a  number  of  important 
freight  transfer  stations,  such  as  the  Wood  Street 
Station  of  the  Chicago  &  North  Western  Railway, 
which  has  a  capacity  of  approximately  300  cars 
daily,  and  the  Corwith  Station  of  the  Atchison, 
Topeka  &  Santa  Fe  Railway. 

The  typical  railroad  freight  house  of  Chicago  is 
a  single  story  structure  served  by  railroad  tracks 
and  team  ways.  The  grouping  of  such  stations 
concentrates  activities  and  in  some  cases  gives 
rise  to  a  congestion  of  street  traffic.  The  terri- 
tory immediately  to  the  south  of  the  Dearborn 
and  La  Salle  stations,  extending  to  about  i6th 
Street,  is  occupied  either  by  freight  tracks  or  by 
buildings  for  the  care  of  freight  service.  A  con- 
stant procession  of  teams  which  deliver  and 
receive  freight  at  the  freight  houses  is  to  be  seen 
in  this  district.  Similar  conditions  exist  along 
the  tracks  in  Kinzie  Street,  from  Ada  Street  east 
to  Lake  Michigan,  along  those  from  the  Union 
Station  south  to  i6th  Street,  and  in  the  South 
Water  Street  Yard  of  the  Illinois  Central  Railroad. 


FIG.  310.    LOCATIONS  OF  FREIGHT  HOUSES  IN  THE  BUSINESS  DISTRICT  OF  CHICAGO 
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FIG.  311.    FREIGHT  HOUSES.    Freight  House  of  the  Illinois  Central  Railroad 
at  the  South  Water  Street  Yard,  Chicago. 

The  four  districts  just  mentioned  contain  65 
freight  houses,  not  including  several  small 
buildings  used  for  freight  offices.  The  recently 
completed*  freight  terminal  of  the  Minneapolis, 
St.  Paul  &  Sault  Ste.  Marie  Railway  (Soo  Line)  at 
1 2th  and  Canal  streets  furnishes  an  interesting 
example  of  a  modern  freight  handling  plant. 

The  principal  freight  houses  in  the  downtown 
business    section    have    direct    connections    with 
the  bores  of  the  Chicago  Tunnel  Company,  which 
run  about  40  feet  beneath  the  street  level  under 
practically  all  of  the  streets  in  the  district.     These 
bores,  some  60  miles  in  extent, 
provide   direct    connection    be- 
tween   the    freight    houses   and 
many  of  the  large  business  houses 
in  the  district  served.     Views  of 
freight  houses  and  of  the  activi- 
ties about  them  are  presented  as 
figs.  311  to  322,  inclusive. 

A  lighterage  service,  supple- 
mental to  the  railroad  service, 
is  conducted  along  the  Chicago 
River  and  its  branches.  Con- 
venient stations  are  provided 
for  this  service  and  regular  trips 
are  made  by  the  lighters  for 
the  collection  and  distribution 


of  freight.    Types  of  vessels  used 
in  this  service  are  shown  by  the 
illustrations    presented   as   figs. 
323  and  325.    The  Erie  car  trans- 
fer  boat   illustrated  is  used    in 
a  new  water  transfer  service  re- 
cently inaugurated.    In  this  ser- 
vice  convenient   collecting  and 
loading  points  have  been  estab- 
lished.   Freight  cars,  either  load- 
ed or  empty,  are  transferred  on 
barges  from  one  location  to  an- 
other as  conditions  may  demand. 
201.15     Team  Yards:    Team 
yards    consist    of    team    tracks 
upon  which  cars  are  placed  to 
be  loaded  or  unloaded.     Cars  so 
placed  are  used   for   what   are 
generally  termed ' '  carload ' '  ship- 
ments, to  which  the  carload  or 
wholesale  freight  rate  applies.      This  rate  is  less 
than  the  rate  applying  to  less-than-carload  ship- 
ments,  which  are  loaded  and  unloaded  through 
freight  houses.     In  the  case  of  carload  shipments 
handled  on  team  tracks  the  work  of  loading  or 
unloading  is  performed  by  the  consignor  or  con- 
signee; in  the  case  of  Icss-than-carload  shipments, 
or  shipments  handled  through  freight  houses,  this 
work  is  performed  by  the  railroads. 

In  the  city  of  Chicago  there  are  62.97  miles 
of  team  tracks,  amounting  to  2.2  per  cent  of 
the  total  mileage  of  track  of  all  kinds.  Some 


*  Opened  April  I,  1914. 


FIG.  312.    FREIGHT  HOUSES.     In-freight  House  of  the  Chicago,  Rock  Island 
&  Pacific  Railway,  at  Sherman  and  Taylor  Streets.  Chicago. 
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of  the  team  yards  in 
are  of  considerable  si/e  as,  for 
example,  tin-  ( irand  Avenue  Yard 
of  the  Chicago  &  North  Western 
Railway,  which  has  5.5  mill 
tnu-k,  the  i4th  Street  Yard  of 
the  Baltimore  &  Ohio  Chicago 
Terminal  Railroad,  which  has 
4 . 7  miles,  and  the  Union  Street 
yard  of  the  Chicago,  Milwaukee 
&  St.  Paul  Railway,  which  has 
7.5  miles. 

Various  scenes  in  connection 
with  the  work  about  team  tracks 
are  shown  by  figs.  324  and  326 
to  328,  inclusive. 

20 1. 1 6  Freight  Yards :  Freight 


FIG.  313.    FREIGHT  HOUSES.    Freight  House  of  the  Minneapolis,  St.  Paul  & 
Sault  Ste.  Marie  Railway,  at  Canal  and   12th  Streets,  Chicago. 


yards  serve  many  different  purposes.  Some  are 
designed,  in  combination  with  team  tracks,  for  con- 
venience in  loading  and  unloading  cars  in  certain 
denned  industrial  centers,  and  some  take  the  form 
of  large  switching  yards,  the  purpose  of  which  is  to 
facilitate  the  receiving,  classifying  and  forwarding 
of  freight  cars.  For  example,  a  train  approach- 
ing Chicago  may  contain  cars  destined  to  various 
parts  of  the  city  or  to  different  parts  of  the 
country.  Such  a  train  is  delivered  to  a  receiving 
yard  from  which  the  cars  are  transferred  to  the 
classification  yard,  where  they  are  sorted  to  form 
new  groups,  the  individual  cars  of  which  may  be 


FIG  314.    FREIGHT  HOUSES.    Loading  Platform  of  the  Freight  House  of  the 
Michigan  Central  Railroad,  at  the  South  Water  Street  Yard,  Chicago. 


billed  for  delivery  to  different  railroads  or  to 
different  parts  of  the  city  upon  the  same  railroad. 
At  intervals,  cars  re-grouped  by  such  a  process 
move  on  to  their  destination.  Similarly,  cars 
leaving  the  city  are  brought  from  many  different 
directions  to  the  classification  yard  and  there 
combined  into  trains.  The  movements  of  cars 
between  the  classification  yards  and  the  city  are 
commonly  referred  to  as  transfer  or  switching 
movements.  Those  movements  which  take  place 
beyond  the  classification  yard  are  normally  road 
movements. 

A  number  of  Chicago's  freight  yards  cover  160 
acres  or  more  of  land  each,  and 
one  occupies  a  tract  of  240  acres. 
In  the  Union  Stock  Yards,  which 
cover  a  square  mile  of  territory, 
railroad  tracks  form  a  network 
serving  this  industry'. 

Conditions  which  have  prompt- 
ed the  construction  of  freight 
houses  as  near  the  business  center 
as  possible  have  also  influenced 
the  selection  of  locations  for 
switching  yards,  but  as  difficulties 
in  finding  space  within  the  city 
have  increased,  more  remote  lo- 
cations have  been  chosen. 

The  recently  established  yards 
of  the  Chicago,  Milwaukee  &  St. 
Paul  Railway  at  Mannheim,  111., 
the  extensions  to  the  Proviso 
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FIG.  315.    FREIGHT  HOUSES.    Freight  Housa 
.and  Taylor  Streets,  Chicago. 


M. 


Yard  of  the  Chicago  &  North  Western  Railway, 
and  the  Wildwood  Yard  of  the  Illinois  Central 
Railroad,  are  examples  of  the  more  extensive  out- 
lying freight  yards. 

Within  the  city  of  Chicago  there  are  67  princi- 
pal and  5 1  minor  railroad  freight  switching  yards, 
while  outside  of  the  city  limits,  but  within  the 
Area  of  Investigation,  there  are  40  principal  and 
19  minor  yards.  By  "principal  yard"  is  meant 
one  which,  because  of  its  size  or  importance,  has 
a  well  defined  name.  A  "minor  yard"  embraces 
small  groups  of  tracks  used  for  teaming,  car 
storage  or  other  purposes,  and 
usually  has  no  well  defined  name. 

The  largest  general  railroad 
yard  within  the  Area  of  Investi- 
gation is  the  4oth  Avenue  Yard 
•of  the  Chicago  &  North  Western 
Railway,  which  has  about  88 
miles  of  track.  The  largest 
switching  yard  is  the  Clearing 
Yard  of  the  Chicago  Union 
Transfer  Railway  at  Clearing,  111. 
A  considerable  number  of  the 
more  important  classification 
yards,  including  those  of  the 
Chicago  &  Eastern  Illinois  Rail- 
road at  Dolton,  111.,  the  Chicago, 


Gibson,  Ind.,  the  Chicago  Union 
Transfer  Railway  at  Clearing, 
111.,  and  the  Chicago,  Milwaukee 
&  St.  Paul  Railway  at  Mannheim, 
111.,  are  of  the  type  known  as 
"hump"  yards,  in  which  the 
classification  of  cars  is  effected 
by  gravity. 

The  principal  railroad  yards 
and  most  of  the  minor  yards  in 
the  city  of  Chicago,  between 
Belmont  Avenue  on  the  north 
and  io3d  Street  on  the  south, 
are  enumerated  in  table  CLXIV. 
This  list  contains  the  names  of 
the  principal  railroad  yards 
shown  on  the  maps,  figs.  95  to 
245,  already  presented  (section 
201.02). 

Views  of  typical  yards  in  the 

Area  of  Investigation  are  presented  as  figs.  329 

to  336,  inclusive. 
The   locations  of    the   yards    listed    in    table 

CLXIV  are  shown  on  the  terminal  map  presented 

as  fig.  337- 

201.17    Yards    for    Miscellaneous    Purposes: 

In   addition  to  freight    yards,  there  are  within 

the  Area  of  Investigation  numerous  yards  used 

for  miscellaneous  purposes,  such  as  scrap  yards, 

repair  yards,    terminal  yards  and  wheel  yards. 

Views  of  such  are  presented  as  figs.  338  to  343, 

inclusive. 


Federal 


Indiana  fr  Southern  RailrnaH   at    ^u-    1O' 216o     FREIGHT  HOUSES.    Freight  House  of  the  Pittsburgh,  Cincinnati, 
Kailroad  at    Chicago  &  St.  Louis  Railway  at  Morgan  and  Kinzie  Streets,  Chicago. 
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FIG.  317.  FREIGHT  HOUSES.  Gantry  Crane  at  the 
Wood  Street  Yard  Transfer  Station  of  the  Chicago  &  North 
Western  Railway,  14th  Place  and  Oakley  Avenue,  Chicago. 


FIG.  320.  FREIGHT  HOUSES.  Freight  Station  of  the 
Pittsburgh,  Fort  Wayne  &  Chicago  Railway  at  Grand  Crossing, 
near  76th  Street,  Chicago. 


FIG.  318.  FREIGHT  HOUSES.  Freight  Offices  of  the 
Chicago,  Milwaukee  &  St.  Paul  Railway  at  Healy  Station, 
Chicago. 


FIG.  321.  FREIGHT  HOUSES.  Freight  Station  of  the  Lake 
Shore  &  Michigan  Southern  Railway  at  Grand  Crossing,  near 
76th  Street,  Chicago. 


FIG.  319.  FREIGHT  HOUSES.  Freight  Transfer  Station 
of  the  Chicago  &  North  Western  Railway  at  14th  Place  and 
Oakley  Avenue,  Chicago. 

17 


FIG.  322.  FREIGHT  HOUSES.  Freight  Station  of  the 
Chicago  &  Western  Indiana  Railroad,  in  the  Englewood  Yard 
at  66th.  Street,  Chicago. 
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FIG.  323.  LIGHTERAGE 
SERVICE.  Lighter  of  the  Mer- 
chants' Lighterage  Co.,  used  on  the 
Chicago  River  and  its  Branches. 


FIG.  324.    TEAM  YARDS.    Robey  Street  Team  Yard  of  the  Pittsburgh,  Cin- 
cinnati. Chicago  &  St.  Louis  Railway 


FIG.  325  LIGHTERAGE 
SERVICE.  Car  Float  of  the  Erie 
Railroad  at  Erie  Street  and  the 
North  Branch  of  the  Chicago  River. 
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FIG.  326.  TEAM  YARDS. 
North  Avenue  Team  Yard  of  the 
Chicago  &  North  Western  Rail- 
way. 


FIG.  327.  TEAM  YARDS. 
Team  Yard  of  the  Chicago  & 
Western  Indiana  Railroad  at  64th 
and  Wallace  Streets. 


FIG.  328.  TEAM  YARDS. 
Team  Yard  of  the  Wabash  Rail- 
road, South  of  the  Twelfth  Street 
Viaduct. 
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TABLE  CLXIV.     LIST  OF  FREIGHT  YARDS  IN  CHICAGO.  BETWEEN  BELMONT  AVENUE  AND  1030  STREET 


Atchison,  Topeka  &  Santa  Fe  Ry »12th  Street 

Atchison,  Topeka  A  Santa  Fe  Ry 18th  Mreet 

Atchison.  Topeka  A  Santa  Fe  Ry 'Elevator 

Atchison.  Topeka  A  Santa  Fe  Ry Corwith 

Baltimore  A  Ohio  R.  R J*°uth  Chicago 

Baltimore  A  Ohio  Chicago  Terminal  R.  R *Grand  Central  Station 

Baltimore  A  Ohio  Chicago  Terminal  R.  R Empire  Slip 

Baltimore  4  Ohio  Chicago  Terminal  R.  R 14th  Street  Team 

Baltimore  A  Ohio  Chicago  Terminal  R.  R Morgan  Street  Te»m 

Baltimore  A  Ohio  Chicago  Terminal  R.  R Robey  Street 

Baltimore  A  Ohio  Chicago  Terminal  R.  R Homan  Avenue 

Baltimore  A  Ohio  Chicago  Terminal  R.  R 48th  Avenue 

Chicago  A  Alton  R.  R «fnion  Station 

Chicago  A  Alton  R.  R Halsted  Strvet 

Chicago  A  Alton  R.  R Brighton  Park 

Chicago  &  Eastern  Illinois  R.  R 34th  Street 

Chicago  A  Eastern  Illinois  R.  R Oakdale 

Chicago  &  Erie  R.  R M»t  .- 

Chicago  A  Erie  R.  R X7tl,  - 

Chicago  A  North  Western  Ry M»di«>n  Htreot  Terminal 

Chicago  A  North  Western  Ry 'State  Street  District 

Chicago  A  North  Western  Ry Wells  Street 

Chicago  A  North  Western  Ry Weit*rn  Avenue 

Chicago  A  North  Western  Ry 40th  Avenue 

Chicago  A  North  Western  Ry *Grand  Avenue  District 

Chicago  A  North  Western  Ry Erie  Street 

Chicago  A  North  Western  Ry. .  . *Deering 

Chicago  &  North  Western  Ry Diveney  Avenue  Team 

Chicago  A  North  Western  Ry North  Avenue  Team 

Chicago  A  North  Western  Ry Wood  Street 

Chicago  A  Western  Indiana  R.  R •Dearborn  Station 

Chicago  A  Western  Indiana  R.  R 51it  Street 

Chicago  A  Western  Indiana  R.  R Englewood  Team 

Chicago  A  Western  Indiana  R.  R Oakdale 

Chicago  A  Western  Indiana  R.  R.  (The  Belt  Ry.  of  Chicago) Welt  Chicago 

Chicago  A  Western  Indiana  R.  R.  (The  Belt  Ry.  of  Chicago) Weit  12th  Street 

Chicago  A  Western  Indiana  R.  R.  (The  Belt  Ry.  of  Chicago/ Hawthorne 

Chicago  A  Western  Indiana  R.  R.  (The  Belt  Ry.  of  Chicago) I-e  Moyne 

Chicago  A  Western  Indiana  R.  R.  (The  Belt  Ry.  of  Chicago) Hayford 

Chicago  A  Western  Indiana  R.  R.  (The  Belt  Ry.  of  Chicago) Rockwell  Street 

Chicago  A  Western  Indiana  R.  R.  (The  Belt  Ry.  of  Chicago) 88d  Street 

Chicago  A  Western  Indiana  R.  R.  (The  Belt  Ry.  of  Chicago) Bunuide 

Chicago  A  Western  Indiana  R.  R.  (The  Belt  Ry.  of  Chicago) South  ( 'hicago 

Chicago,  Burlington  A  Quincy  R  R ^ *l'nion  Stntimi 

Chicago,  Burlington  A  Quincy  R.  R 12th  Si  ni-t 

Chicago,  Burlington  A  Quincy  R.  R »16th  Street 

Chicago,  Burlington  A  Quincy  R.  R Weitern  Avenue 

Chicago,  Burlington  A  Quincy  R.  R *Lumber  Diitrict 

Chicago,  Burlington  A  Q"uincy  R.  R Hawthorne 

Chicago  Great  Western  R.  R 48th  Avenue 

Chicago  Junction  Ky Kenwood  Team 

Chicago  Junction  Ry lUUted  Street 

Chicago  Junction  Ry Center  Avenue 

Chicago  Junction  Ry Loomu  Street 

Chicago  Junction  Ry Aihland  Avenue 

Chicago  Junction  Hy *Centr»l  Mfg.  DiMri<-t 

Chicago,  Indianapolis  A  Louisville  Ry Taylor  Street 

Chicago,  Milwaukee  A  St.  Paul  Ry •I'mon  Station 

Chicago,  Milwaukee  A  St.  Paul  Ry Union  Street 

Chicago,  Milwaukee  A  St.  Paul  Ry Western  Avenue 

Chicago,  Milwaukee  A  St.  Paul  Ry Galewood 

Chicago,  Milwaukee  A  St.  Paul  Ry Division  Street 

Chicago,  Milwaukee  A  St.  Paul  Ry S..rth  Avenue 

Chicago  River  A  Indiana  R.  R Leavitt  Street 

Chicago  River  A  Indiana  R.  R Dock  Hou*e 

Chicago,  Rock  Island  A  Pacific  Ry »La  Salle  Street  Station 

Chicago,  Rock  Island  A  Pacific  Ry 43d  Street 

Chicago,  Rock  Island  A  Pacific  Ry 47th  Street 

Chicago,  Rock  Island  &  Pacific  Ry Graham 

Chicago,  Rock  Island  A  Pacific  Ry 63d  Street  Team 

Chicago,  Rock  Island  A  Pacific  Ry .-.  South  Chicago 

Chicago  Short  Line  Ry »Iroquois  Iron  Works 

Elgin,  Joliet  A  Eastern  Ry -North  Workl 

Elgin,  Joliet  A  Eastern  Ry Bridgeport 

Elgin,  Joliet  A  Eastern  Ry •SoutVi  Works 

Elgin,  Joliet  A  Eastern  Ry 98th  Street 

Grand  Trunk  Western  Ry Elndon 

Grand  Trunk  Western  Ry Hayford 

Illinois  Central  R.  R \  Randolph  Street 

I  mois  Centra   R.  R 12,|,  g 

Illinois  Central  R.  R Fordbam 

Illinois  Central  R.  R ...........'.'..'.'.I  *Burn.ide  shops 

Illinois  Central  R.  R 104th  Street 

Illinois  Northern  Ry .'.'.'.'.'.'.'.'.'.  MoCormirk 

Illinois  Northern  Ry 33d  Street 

Lake  Shore  A  Michigan  Southern  Ry ......'.'..'.'.'.'.'.'.'.'.'.'.'.'.  »La  Salle  Street  Station 

Lake  Shore  A  Michigan  Southern  Ry 43d  Street 

Lake  Shore  A  Michigan  Southern  Ry . .  . KiiKlcwood 

Lake  Shore  A  Michigan  Southern  Ry South  Chicago 

Michigan  Central  R.  R Randolph  Street 

Michigan  Central  R.  R i,,,).  strp»t 

New  York,  Chicago  A  St.  Louis  R .  R '.  .  Stony  Island 

Pere  Marquette  R.  R Tracy 


Name  of  Yard 
or  Vicinity 


Bl    .    T...1.        \!-,], 

Indei  No. 


i:,  :<J 
45 
60 
70 
127 

n 

32 

4.1 

44 

43 

36 

:i7 

32 

49 

68 

61 
131 

79 
131 

29 

H  n 

29 

26 

24 

29 

29 
3 
3 

17 

43 

32 

79 

08 
l:tl 

21 

40 

• 

71 
111 
110 
120 
129 
127  128 

3 

43 

!•,  :,u 

M 

38 

..i 

67 

67 

67 

... 

..n 

32 

32 

29 

• 
8 

17 

13 

68 

ftO 

:tj 

.... 

79 
132 

98 
128 
126 

13 

60 

12.5-126 
150 

75 
111 

30 

31 

122-129 
145 
145 

51 

57 

32 

H 

99 
127 

30 

46 
129 
141 


*  Indicates  a  vicinity  or  district  rather  than  a  specific  yard  name. 
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TABLE  CLXIV  (Continued).     LIST  OF  FREIGHT  YARDS  IN  CH1CAOO.  BBTWBBN  BKLMONT  AVENUE  AND  tojSf  STREET 


UhMd 

s  .,.,.     ... 
or  Vlrinlly 

-.    •     •     M 

I'ltl.itilirnll.Clllcillliilli.  Cl.i.    in.  .A    ,-1     1  11* 

,'     • 
v 

i'            •             •       ':    •      1 

:..,-..... 
...    .....  . 
•Wanhmglon  H«i«hU 
•Union  Station 

:  i...   ,...     . 

(..rfmld  BouUrard 
EncUwood  Tram 
'.mini  Crnoinc 
•Pullman  Junction 

I'llman  Street 
{••MM 
Cbaadjcr 

1 

0 

.1 

n 
B 

i 

79 
M-M 

140 

M 

• 
lie. 
KM 

Pittsburgh.  (  'iiii'innnt  i.  (  'Inrngo  A  St.  IXHIU  Ky  .  . 

Pittsburgh,  ('inriminii,  I'liii-ngn  A  St.  LouU  Ry   . 

Pituburfth,  Cincinnati,  Chicago  A  St.  Louis  Ky  

Pittsburgh,  Cincinnati,  Chicago  A  St.  l,oui«  Ry 

Pittsburgh,  Fort  Wayne  A  Chicago  Ky  

Pittsburgh,  Fort  Wayno  A  Chicago  Ry  

Pittsburgh.  Fort  Wayne  A  Chi.  •»!!.>  1:  •. 

Pittsburxh,  Fort  Wayno  A  Chicago  Hy        ... 

Pittsburgh,  Fort  Wayne  A  Chicago  Ry  

W  abash  Railroad  

W  abash  Railroad  

W  abash  Railroad 

Wabash  Railroad.  .  •.  

*  Indicates  a  vicinity  or  district  rather  than  a  specific  yard  name. 


FIG.  329.  FREIGHT  YARDS. 
Dolton  Yard  of  the  Chicago  & 
Eastern  Illinois  Railroad. 


FIG.  330.  FREIGHT  YARDS. 
Jackson  Street  Yard  of  the  Illinois 
Central  Railroad. 
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FIG.  332.  FREIGHT  YARDS. 
South  Water  Street  Yard  of  the 
Illinois  Central  Railroad. 


FIG.  331.  FREIGHT  YARDS. 
Galewood  Yard  of  the  Chicago, 
Milwaukee  &  St.  Paul  Railway. 


FIG.  333.  FREIGHT  YARDS. 
Proviso  Yard  of  the  Chicago  & 
North  Western  Railway. 
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FIG.  334.  FREIGHT  YARDS. 
Clearing  Yard  of  the  Chicago 
Union  Transfer  Railway. 

(Since  the  close  of  the  Com- 
mittee's Statistical  Year,  1912.  this 
yard  has  been  purchased  by  the 
Chicago  &  Western  Indiana  Rail- 
road and  leased  to  the  Belt  Rail- 
way of  Chicago.) 


FIG.  335.  FREIGHT  YARDS. 
Argo  Yard  of  the  Indiana  Harbor 
Belt  Railroad. 


FIG.  336.  FREIGHT  YARDS. 
Hawthorne  Yard  of  the  Chicago. 
Burlington  &  Quincy  Railroad. 
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201.18  Locomotive  Terminals:  Locomotive 
terminals  are  located  at  many  points  both  within 
the  city  and  beyond  the  city  limits.  At  these 
terminals,  facilities  for  the  care  of  steam  locomo- 
tives are  provided.  A  list  of  all  locomotiv 
gine  houses  within  the  Area  of  Investigation  is 
presented  as  table  CLXV. 

TABLE  CLXV.     LOCOMOTIVE  ENGINE  HOUSES  WITHIN   THE 
AREA  OF  INVESTIGATION 


Kngine 
BOUM 

Number* 


EUU    id 


Atrhison,  Topeka  &  Santa  Fe  Ky . . .  14 
Atchison.  Topeka  *  Santa  Fe  Ky . . . 

3  Baltimore  A  Ohio  R.  R 

Baltimore  &  Ohio  Chicago  Terminal  H.  R  18 

Haltimore  A  Ohio  Chicago  Terminal  H.  R.    .  15 

Hnltimora  A  Ohio  Chicago  Terminal  H.  R. . .  g 
Calumet,  Hammond  A  Southeastern  H.  R 

Chesapeake  A  Ohio  Ry.  of  Indiana 

Chicago  4  Alton  K.  K 22 

10           Chicago*  Eastern  IUinoi.R.  R...  20 

Chicago  4  Erie  R.  R 10 

12  Chicago  A  Illinois  Western  R.  R . . . 

Chicago  A  North  Western  Ry 29 

Chicago  A  North  Western  Ry 24 

Chicago  A  North  Western  Ry 36 

Chicago  A  North  Western  Ry 39 

Chicago  A  North  Western  Ry 

18  Chicago  A  North  Western  Ry . . . 

19  Chicago  A  North  Western  Hy...  g 

Chicago  A  Western  Indiana  R.  R 51 

Chicago  A  Western  Indiana  R.  R.  and  the  Belt  Ry. 

of  Chicago 22 

Chicago,  Burlington  A  Quincy  R.  H 15 

Chicago.  Rurlington  A  Quincy  R.  R 38 

Chicago,  Burlington  A  Quincy  R.  R 

Chicago  Great  Western  R.  R 15 

Chicago,  Indiana  A  Southern  R.  R 25 

Chjcago,  Indianapolis  A  Louisville  Ry 10 

Chicago  Junction  Ry 25 

29  Chicago,  Milwaukee  A  St.  Paul  Ry . . . 

30  Chicago,  Milwaukee- A  St.  Paul  Ry 38 

31  Chicago,  Milwaukee  A  St.  Paul  Ry .  .  4 
Chicago.  Rock  Island  A  Pacific  Ry  38 

Chicago,  Rock  Island  A  Pacific  Ry 39 

Chicago,  Rock  Island  A  Pacific  Ry    29 

Chicago,  Rock  Island  A  Pacific  Hy 1 

30           Chicago  Short  Line  Ry 4 

Chicago  Union  Transfer  Ry 10 

Chicago,  West  Pullman  A  Southern  H.  H  4 

39  Chicago,  West  Pullman  A  Southern  R.  R 

40  Elgin,  Joliet  A  Eastern  Ry 1 

Elgin,  Joliet  A  Eastern  Ry 8 

Elgin,  Joliet  A  Eastern  Ry 5 

43  Elgin,  Joliet  A  Eastern  Ry 20 

44  Grand  Trunk  Western  Ry 25 

45  Grand  Trunk  Western  Ry 3 

46  Illinois  Central  R.  R 19 

47  Illinois  Central  R.  R 23 

48  Illinois  Central  R.  R 38 

49  Illinois  Central  R.  R 28 

50  Illinois  Northern  Ry 6 

Indiana  Harbor  Belt  R.  R 3 

Lake  Shore  A  Michigan  Southern  Ry 19 

Manufacturers'  Junction  Ry 5 

54             Michigan  Central  R.  R 10 

Michigan  Central  R.  R 6 

56  Minneapolis,  St.  Paul  A  Sault  Ste.  Marie  Ry 12 

57  New  York,  Chicago  A  St.  Louis  R.  R 16 

Pere  Marquette  R.  R 12 

Pittsburgh,  Cincinnati,  Chicago  A  St.  Louis  Ry 16 

60  Pittsburgh,  Cincinnati,  Chicago  A  St.  Louis  Ry '2 

61  Pittsburgh,  Fort  Wayne  A  Chicago  Ry 15 

62  Pittsburgh,  Fort  Wayne  A  Chicago  Ry 10 

63  Pullman  Railroad 10 

64  Wabash  Railroad 20 

'..           Standard  Oil  Co 12 

Total  in  Chicago. . .                                          46  891 

Total  in  Zone  B 19  238 

Grand  totat |     65    j       1. 129 

*  Numbers  in  left-hand  column  refer  to  numbers  shown  on  map.  fig.  344. 
All  engine  houses  in  Chicago  are  of  brick  except  Not.  7, 40, 42  and  60. 

A  map  showing  the  locations  of  all  locomotive 
engine  houses  within  the  Area  of  Investigation  is 
presented  as  fig.  344. 

Locomotive  terminals  have  facilities  for  making 
necessary  light  repairs  to  locomotives,  as  well  as 


Number 
of 

R  .    i 


for  the  handling  of  fu«-l,  water,  ash  and  c  imlers. 
The  selection  of  locations  for  such  terminals 
lias  Ix-cn  (lejM-nilent  generally  upon  locations  of 
freight  and  passenger  terminals,  the  object  being 
to  locate  locomotive  terminals  as  near  as  possible 
to  the  freight  and  passenger  terminals  of  the 
road.  In  earlier  days,  the  engine  terminals  served 
for  both  freight  and  passenger  locomotives.  As 
traffic  increased  and  old  terminals  proved  inade- 
quate, new  terminals  were  established  farther 
out  to  provide  facilities  for  the  care  of  locomotives 
engaged  in  freight  service.  The  older  terminals, 
located  nearer  the  passenger  stations,  were  re- 
tained for  the  care  of  locomotives  used  in  passen- 
ger service. 

Examples  of  terminals  used  principally  or  ex- 
clusively for  passenger  locomotives  include  the 
nth  Street  plant  of  the  Chicago,  Burlington 
&  Quincy  Railroad,  at  isth  and  Canal  streets, 
the  Empire  Slip  plant  of  the  Baltimore  &  Ohio 
Chicago  Terminal  Railroad,  at  iath  Street  and 
the  Chicago  River,  the  i4th  Street  Yard  plant 
of  the  Pittsburgh,  Fort  Wayne  &  Chicago  Rail- 
way, at  isth  Street  and  Stewart  Avenue,  and  the 
Sist  Street  Yard  plant  of  the  Chicago  &  Western 
Indiana  Railroad,  at  4Qth  and  Butler  streets. 
The  last  named  plant  handles  more  than  100 
locomotives  daily. 

Among  the  larger  terminals  used  exclusively 
for  freight  locomotives  may  be  mentioned  the 
83d  Street  Yard  plant  of  the  Belt  Railway  of  Chi- 
cago, at  83d  Street  and  Vincennes  Avenue,  the 
Godfrey  Yard  plant  of  the  Chicago,  Milwaukee 
&  St.  Paul  Railway,  at  Mannheim,  111.,  and  the 
Kirk  Yard  plant  of  the  Elgin,  Joliet  &  Eastern 
Railway,  at  Gary,  Ind.  The  terminal  of  the  Belt 
Railway  of  Chicago  handles  approximately  100 
locomotives  daily. 

Two  extensive  plants  for  the  care  of  both  freight 
and  passenger  locomotives  are  the  4Oth  Avenue 
plant  of  the  Chicago  &  North  Western  Railway, 
at  Cicero  Avenue  and  Kinzie  Street,  and  the 
Burnside  shops  of  the  Illinois  Central  Railroad, 
at  95th  Street  and  Cottage  Grove  Avenue. 
These  are  the  largest  locomotive  terminals  with- 
in the  Area  of  Investigation. 

Other  extensive  locomotive  terminals  include 
the  plant  of  the  Illinois  Central  Railroad  at  27th 
Street  and  Lake  Michigan,  that  of  the  Chicago. 
Burljngton  &  Quincy  Railroad  at  Western  Avenue 
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FIG.  338.  MISCELLANEOUS 
YARDS.  Wheel  Yard  of  the  Lake 
Shore  &  Michigan  Southern  Rail- 
way at  63d  Street  and  Michigan 
Avenue. 


FIG.  339.  MISCELLANEOUS 
YARDS.  Scrap  Yard  of  the  Atch- 
ison,  Topeka  &  Santa  Fe  Railway 
at  Corwith. 


FIG.  340.  MISCELLANEOUS 
YARDS.  Passenger  Terminal 
Yard  of  Dearborn  Station. 
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FIG.  341.  MISCELLANEOUS 
YARDS.  "Hump"  or  Gravity 
Yard  of  the  Chicago,  Indiana  & 
Southern  Railroad  at  Gibson,  Ind. 


FIG.  342.  MISCELLANEOUS 
YARDS.  Freight  Car  Repair  Yard 
of  the  Chicago  &  North  Western 
Railway  at  the  40th  Avenue  Yard. 


FIG.  343.  MISCELLANEOUS 
YARDS.  General  View  of  Freight 
Car  Repair  Yard  of  the  Chicago 
&  North  Western  Railway  at  the 
40th  Avenue  Yard. 
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FIG.  345.    LOCOMOTIVE  TERMINALS.    Landers  Engine 
House  of  the  Wabash  Railroad. 

and  1 6th  Street,  that  of  the  Chicago  &  North 
Western  Railway  at  Chicago  Avenue  and  Halsted 
Street,  that  of  the  Chicago,  Milwaukee  &  St. 
Paul  Railway  at  the  Galewood  Yard  near  Nar- 
ragansett  and  Armitage  avenues,  that  of  the 
Chicago  Junction  Railway  at  4  ad  and  Robey 
streets,  that  of  the  Chicago,  Indiana  &  Southern 
Railroad  at  Gibson,  Ind.,  that  of  the  Chicago  & 
Eastern  Illinois  Railroad,  at  Dolton,  111.,  and  that 
of  the  Lake  Shore  &  Michigan  Southern  Railway 
at  63d  Street  and  Indiana  Avenue. 

The  largest  single  roundhouse  within  the  city 
of  Chicago  is  that  of  the  Chicago  &  Western 
Indiana  Railroad  at  49th  and  Butler  streets. 
This  building  has  51  stalls,  and  the  terminal  is 
equipped  with  a  modern  coaling  station,  power 
plant,  water  station  and  ash  handling  plant. 
Cinders  are  handled  by  means  of  locomotive 


FIG.  346.    LOCOMOTIVE    TERMINALS.     Glenn    Yard 
Locomotive  Terminal  of  the  Chicago  &  Alton  Railroad. 


cranes,  and  most  of  the  dialing  is  done  by  similar 
means.  This  trrmin:il  handle:,  rnon:  than  100 
passenger  locomotives  daily,  including  those  of 
the  Chicago  \-  Western  Indiana  Railroad,  the 
Chicago  &  Erie  Railroad,  the  Chesapeake  &  Ohio 
Railway  of  Indiana,  the  Chicago.  Indiana]. 
&  Louisville  Railway,  the  Chicago  &  Eastern 
Illinois  Railroad  and  the  Wabash  Railroad. 

The  various  buildings  and  facilities  of  all 
recently  constructed  locomotive  terminals  in  the 
Chicago  District  are  of  permanent  construction. 
The  engine  houses  are  either  of  concrete  or 
of  brick,  and  many  of  the  coaling  stations 
and  other  buildings  are  of  the  same  materials. 
Most  of  the  turn-tables  are  of  steel  plate  girder 
construction,  and  they  are  usually  equipped  with 
electric  tractors.  The  lengths  of  the  turn-tables 
vary  from  50  to  90  feet,  the  majority  approxi- 
mating a  length  of  75  feet.  Turn-table  pits 
usually  have  concrete  walls  and  brick  or  concrete 
paving.  Views  of  locomotive  terminals  within 
the  Area  of  Investigation  are  shown  as  figs.  345 
to  352,  inclusive 

Coaling  stations  are  of  various  types  of  con- 
struction. Some  consist  of  simple  platforms  from 
which  the  coal  is  shoveled  by  hand  into  the  lo- 
comotive tenders.  Others  consist  of  elaborate 
mechanically  operated  stations  of  high  grade 
steel  and  concrete  construction.  The  largest 
coaling  stations  within  the  Area  of  Investigation 
are  the  two  at  the  4oth  Avenue  Yard  of  the 
Chicago  &  North  Western  Railway,  each  of  which 
has  a  storage  capacity  of  1,600  tons.  These  sta- 
tions are  of  wooden  construction,  with  inclined 
trestle  approaches  up  which  cars  of  coal  are 
pushed  by  locomotives.  Mechanically  operated 
stations  are  of  two  principal  types,  those  with  a 
number  of  buckets  running  on  a  continuous 
chain  and  those  with  a  Holman  or  single  bucket 
which  is  elevated  to  the  top  of  the  storage  bins 
and  allowed  to  dump  its  contents  therein.  Ex- 
amples of  the  chain  bucket  type  are  to  be  found 
in  the  Corwith  Yard  chute  of  the  Atchison,  Topeka 
&  Santa  Fe  Railway  and  the  27 th  Street  plant 
of  the  Illinois  Central  Railroad.  Examples  of 
typical  coaling  stations  within  the  Area  of  Investi- 
gation are  illustrated  elsewhere  (section  213.090). 
All  steam  railroads  in  the  Chicago  District 
were  requested  by  the  Committee  to  furnish  infor- 
mation regarding  locomotive  terminal  facilities, 
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FIG.  347.  LOCOMOTIVE 
TERMINALS.  Locomotives 
awaiting  Repairs  in  40th  Avenue 
Yard  of  the  Chicago  &  North 
Western  Railway. 


FIG.  348.  LOCOMOTIVE 
TERMINALS.  Proviso  Engine 
House  of  the  Chicago  &  North 
Western  Railway. 


FIG.  349.  LOCOMOTIVE 
TERMINALS.  Engine  House  of 
the  Illinois  Northern  Railway  at 
26th  Street  and  Blue  Island 
Avenue. 
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FIG.  350.  LOCOMOTIVE 
TERMINALS.  Engine  House  of 
the  Chicago  Great  Western  Rail- 
road at  46th  Avenue  and  the 
Baltimore  &  Ohio  Chicago  Ter- 
minal Railroad. 


FIG.  351.  LOCOMOTIVE 
TERMINALS.  Engine  House  of 
the  Chicago.  Milwaukee  &  St.  Paul 
Railway  at  the  Western  Avenue 
Yard. 


FIG.  352.  LOCOMOTIVE 
TERMINALS.  Robey  Street  En- 
gine House  of  the  Chicago  Junc- 
tion Railway. 
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including  engine  houses,  ash-pits,  coaling  sta- 
tions, turn-tables,  shop  buildings,  water  sta- 
tions and  power  stations.  This  information  was 
furnished  on  a  special  form  ("Form  F")  supplied 
by  the  Committee.  A  copy  of  this  form,  filled 
out  to  show  a  typical  report  as  submitted  by  a 
railroad,  is  presented  as  fig.  353. 

The    information     supplied     on     "Form     F" 
(fig-  353)  was    summarized  as   shown  by   table 


CLXVI,  which  refers  to   structures   within  the 
city  limits  of  Chicago. 

Water  tanks  are  usually  of  the  familiar  wooden 
tub  type  either  on  steel  or  on  wooden  frames. 
A  few  steel  tanks  are  used,  such  as  those  in  the 
Corwith  Yard  of  the  Atchison,  Topeka  &  Santa 
Fe  Railway  and  in  the  sist  Street  Yard  of  the 
Chicago  &  Western  Indiana  Railroad.  These 
tanks  are  of  various  sizes,  the  largest  having 


TKI  CHICAGO  ASSOCIATION   Of   COUORCC 

COUUTTW  or  IBVISTIOATIOK  as  aioni  ABATBOU.T 

AND  ELECTRIFICATION   UK  RAILWAY   TSRfciKALS 
112  llIChlGAH   BOUIJiVAKD,    CHICAGO. 


CHICAGO        T  I   X  k  I    K    A  L 

JTATIkKJT        Of        IU1LDII01 

t   0  II  II      (7) 


Juste 


2.   Include   All   building*   of    tht    cl*»*«*   ipocif.«d   below  and  «Mch  are   located   within    Uie   2(Mt   of    Lnveetlffctlon   ae   defined   on   Official   K»p   of    CnlcH&«  and    Vicinity. 
.   In   C»B«   of  JUINT  building*    the   cojipftny  maintaining   to   report. 

Location 

Br.-Me*  far*. 

LocoBottte 
Coaling 

Una 
Sterne*  Caaaeltk    Laiu 

Ccitijrufm  JutXet 

re  ten* 

SUU«. 

A»cro».A»«-c«--^ati»i.  
Coal   Mr   24  houra 

Mf  tens 

LOCOBOtivC 

Location 
30UTC.    «f   .uanlv  

e&svtdtr""*-' 

ijyrawr  **Ma*  M. 

fiaV  TTil'T  

fl.fr^fr'T        !'r 

^y^ta.^1^* 

tour 

C«o«cltl    t  kinfl    t«ji.« 
Apt  rox  .A»«  .Co.,.u-rtl^i  

Oaf     f  in..  

g/K  r*i-  

t*»t     .Tgt.                      ~ 

flu  ig/it,  

it  o.  OOP  you.  

{.OCOBOtlVC 

Location 

Jt^fkfon  fart. 

Aj»  -It. 

Un«Ui  "">  »i»-« 

E3B?  <Vj.*^« 

Sti  /««*  S/2 

Lou*  tin 

Br/fAfen    -f+ 

HM1MB 

10.  4   1«>»"J|   of   Italia 

ll-ff'.  l-rf  «raV-Ar  *«f 

fart  ua«d  for  rapair  nfiop 

JJt*UJ~Sfd*rt~*<*l 

i^f  ttiltr  Tf"'  

Tiunutlu 

Location 

j^tf^X-i*^/  — 

Waf*  traatfr 

MsvjpAfM  ~S&£. 

^t--«    i.    Kl'i'l    rlf      •  17  f-    p;.-..i,n 

Attached 

10.    Eltl                      •                     • 

.  . 

... 

if*  9m'  —  Z-.V.1  '  ~ 

higmlrg  

ES5 

>!«•  4  HinjS   MMa_c  ahona 

RS 

liM  ft  kind  blackm.  ahooa 

//>if:   Iritl  

Omratlon 

Tra«t«r  
KSlii 

ll.ctrlc  Llrtt 

:iu  4  kind 

llu  A  kind 
91  a.  4  kl>< 
llaa  ft  kind 

Location 
L«n«tfc  4  kind  Ukll 
Lmrth    of  pit 

Po».r   u»d   for 

dollar   H.P. 

-wan  

•    .    •.     .  ,  . 
4orj///tg'  i'pt'ry  <*** 

j:*O   ~*.f  tfltfni 

-j*«»7«  **y  *»*^-  nnn 

-.  BE     E  •/  •••  •'•" 

!&£&I^&&ty&i 

.'..:'..,.,:.            ,-;•-.. 

pmr  Bl*ti>i» 

On.  
PllUlt. 

Slaa  4  klr.d   bundle, 

li«04tlan 
C«o«cl  ty  4  kind  f.a 
Six*  4  kind   building 

-Vfttiij    ;«,,k. 

f/r  rcwidftcust  .  aofm 
JYonf 

«^«*««  

FIG.  353.    "FORM  F."    STATEMENT  REGARDING  LOCOMOTIVE  TERMINAL  FACILITIES, 

CHICAGO  TERMINALS 


THE  RAILROAD  TERMINALS  OF  CHICAGO 


a  capacity  of    200,000  gallons.     A 

number    of    tanks    of  less  than    50,000    gallons 

capacity  are  in  use. 

Locomotive  terminals  are  commonly  supplied 
with  numerous  other  facilities,  depending  upon 
the  nature  and  extent  of  the  service  to  be  per- 
formed. Where  facilities  for  repairs  to  both  lo- 
comotives and  cars  are  required,  the  equipment 
is  extensive,  as  at  the  Burnside  shops  of  the 
Illinois  Central  Railroad  and  at  the  4oth  Avenue 
shops  of  the  Chicago  &  North  Western  Railway. 
In  such  plants,  large  buildings  for  shops  of  various 
kinds  and  much  heavy  machinery  are  required. 

201.19  Coach  Yards:  For  the  care  of  passen- 
ger equipment  many  yards  with  cleaning  and 
repair  facilities  are  provided.  The  locations  of 
the  principal  steam  railroad  coach  yards  in  the 
Chicago  District  are  shown  by  the  map  presented 
as  fig.  354. 


These  coach  yards  are  usually  located  n.  ;,r 
the  passenger  terminals.  Examples  are  to  V- 
found  in  the  iath  Strwt  Yard  of  the  Illinois  Cen- 
tral Railroad,  located  immediately  east  of  the 
Central  passenger  station;  in  the  Kinpin-  Slip 
Yard  of  the  Baltimore  &  Ohio  Chicago  Terminal 
Railroad,  located  less  than  one-half  mile  south 
of  Grand  Central  Station;  and  in  the  Erie  S 
Yard  of  the  Chicago  &  North  Western  Railway, 
located  about  one  mile  north  of  the  Ma- 
Street  terminal.  The  coach  yards  of  the  Pitts- 
burgh, Fort  Wayne  &  Chicago  Railway  and  the 
Atchison,  Topeka  &  Santa  Fe" Railway  are  also 
within  convenient  distance  of  their  respective 
passenger  terminals.  In  cases  in  which  a  suitable 
location  could  not  be  secured  near  "the  passenger 
station,  coach  yards  have  been  established  at 
considerable  distances  therefrom,  as  in  the  case 
of  the  Lake  Shore  &  Michigan  Southern  Railway, 
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FIG.  355.    COACH  YARDS.    Twelfth  Street  Coach  Yard  of  the  Illinois  Central 

Railroad. 


which  has  a  yard  at  43d  Street,  about  four  miles 
from  the  La  Salle  Street  Station;  in  that  of  the 
Chicago,  Rock  Island  &  Pacific  Railway,  which 
has  a  yard  at  sist  Street,  about  five  miles  from 
the  La  Salle  Street  Station ;  in  that  of  the  Chicago 
&  Alton  Railroad,  which  has  a  coach  yard  near 
37th  Street  and  Kedzie  Avenue,  nearly  six  miles 
from  the  Union  Station ;  and  in  that  of  the  Chicago, 
Milwaukee  &  St.  Paul  Railway,  which  utilizes  for 
coaches  a  part  of  the  Western  Avenue  yard,  about 
three  and  a  half  miles  from  the  Union  Station. 

Facilities  are  provided  at  coach 
yards  for  light  repairs  to  passen- 
ger cars,  such  as  are  necessary 
in  replacing  broken  parts,  in  fit- 
ting new  brasses  to  bearings  and 
in  cleaning.  Gas  lines  for  sup- 
plying coaches  with  lighting  gas, 
and  steam  lines  for  heating  them 
preparatory  to  making  up  trains 
are  also  conveniently  placed. 
The  yards  are  usually  lighted 
by  electricity.  Thus,  a  large 
yard  involves  a  considerable 
plant  for  the  care  and  handling 
of  the  passenger  coaches  used 
in  both  through  and  suburban 
services,  and  operations  are  car- 
ried on  almost  continuously. 
In  some  cases,  different  classes 


of  coaches  are  cared  for  at  dif- 
ferent localities.  For  example, 
the  Illinois  Central  Railroad  uses 
the  1 2th  Street  Yard  principally 
for  coaches  in  through  passenger 
service,  the  suburban  coaches 
being  cared  for  at  Randolph 
Street  or  at  Burnside. 

The  largest  coach  yard  in 
Chicago  is  that  of  the  Illinois 
Central  Railroad  at  i2th  Street, 
which  has  more  than  nine  miles 
of  track.  Other  large  coach 
yards  include  the  yards  of  the 
Chicago  &  North  Western  Rail- 
way and  the  Chicago,  Milwau- 
kee &  St.  Paul  Railway  at  West- 
ern Avenue,  that  of  the  Chicago, 
Burlington  &  Quincy  Railroad 
and  Stewart  Avenue,  that  of 
Indiana  Railroad  at 


at  1 4th  Street 
the  Chicago  &  Western 
Sist  and  Butler  streets,  that  of  the  Chicago, 
Rock  Island  &  Pacific  Railway  near  sist  Street 
and  Wentworth  Avenue,  that  of  the  Illinois 
Central  Railroad  at  Burnside,  and  that  of  the 
Chicago  &  North  Western  Railway  near  Erie 
and  Halsted  streets.  General  views  of  representa- 
tive coach  yards  in  Chicago  are  presented  as  figs. 
355  to  360,  inclusive. 

201.20    The   Activities   of   the    Terminals   of 


Coach  Yard  of  the  Chicago  &  North  Western  Rail- 
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Chicago :  *  The  service  of  trunk 
line  steam  railroads  involves  the 
handling  of  freight  and  pas- 
senger traffic,  the  movements 
incident  to  which  are  often  com- 
plex. The  service  performed  by 
the  trunk  line  railroads  in  the 
Chicago  terminals  has,  for  the 
various  purposes  of  the  Com- 
mittee, been  divided  into  five 
classes,  as  follows: 

1.  Through  Passenger  Ser- 
vice, or  the  handling  of  pas- 
sengers between  Chicago  and 
points  beyond  the  Committee's 
Area  of  Investigation. 

2.  Suburban  Passenger  Ser- 
vice, or  handling  of  passen- 
gers between  different  points 
within  the  Committee's  Area 

of  Investigation  or  between  points  within  this 
area  and  points  immediately  outside  of  it. 

3.  Road  Freight  Service,  or  the  handling  of 
freight  traffic  between  Chicago  and  points  beyond 
the  Committee's  Area  of  Investigation. 

4.  Freight  Transfer  Service,  or  the  handling  of 
freight  traffic  between  the  various  railroad  yards 
or  between  other  points  within  the  Committee's 

i  of  Investigation. 

5.  Yard  Service,   or  the  handling  of  traffic 
within  the  limits  of  any  of  the  railroad  yards 
within  the  Committee's  Area  of  Investigation. 

The  relative  importance  of  each  of  these  sev- 
eral services  varies  with  different  roads,  depend- 
ing on  the  general  character  of  business  performed 
by  each  road.  Some  roads  confine  their  service 
entirely  to  switching  and  transfer  movements; 


FIG.  357.    COACH  YARDS. 
Railway  at  43d  Street. 


Coach  Yard  of  the  Lake  Shore  &  Michigan  Southern 


FIG  358     COACH  YARDS.    Empire  Slip  Coach  Yard  of  the  Baltimore  &  Ohio 
Chicago  Terminal  Railroad,  near  12th  Street  and  the  Chicago  River. 


a   number   of   them   do    not   operate   suburban 
passenger  service. 

The  extent  of  the  traffic  handled  in  the  Chicago 
terminals,  as  evidenced  by  the  record  for  rep- 
resentative days,  is  shown  by  roads  in  tables 
CLXVII  to  CLXXI,  inclusive.  This  record  shows 
that  on  October  19,  1912,  there  were  handled 
in  the  Chicago  Terminals  532  through  passen- 
ger trains  and  872  suburban  passenger  trains  and 
that  during  the  week  of  October  8-14,  1912,  there 
were  209,739  trailing  tons  handled  in  trains  of 
more  than  3,000  trailing  tons  each. 

Photographs  of  typical  through  passenger,  sub- 
urban passenger  and  freight  trains  within  the  Area 
of  Investigation  are  reproduced 
as  figs.  361  to  376,  inclusive. 

Many  different  types  of  loco- 
motives are  employed  by  the 
various  railroads  to  handle  the 
traffic  of  the  Chicago  terminals. 
In  light  switching  movements 
and  in  suburban  passenger  ser- 
vice locomotives  of  relatively 
light  weight  are  used ;  in  the  road 
freight  and  through  passenger 
services  heavy  locomotives  are 
required.  Illustrations  of  repre- 
sentative types  of  locomotives 
are  presented  as  figs.  377  to  390, 
inclusive. 


•  Further  fact*  relating  to  rattro**]  *ctivitw«  in 
Chicacu  art  prorated  in  chaptm  joj  mr.i  joj. 
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FIG.  359.    COACH  YARDS.    Coach  Yard  of  the  Atchison. 
Topeka  &  Santa  Fe  Railway  at  18th  Street  (North  End). 


FIG.  360.    COACH  YARDS.    Coach  Yard  of  the  Atchison. 
Topeka  &  Santa  Fe  Railway  at  18th  Street  (South  End). 


TABLE  CLXVII. 


PASSENGER  TRAIN  MOVEMENTS  IN  THE  CITY  OF  CHICAGO 
WEDNESDAY.  OCTOBER  19.  U>ia 
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TABLE    CLXVIII.     ROAD    FREIGHT    TRAINS    CONSISTING    OP    j.ooo.   OR    MORE.    TRAILING    TONS.  HANDLED    IN     THE    (  HICAOO 

TERMINALS  Hl'RIM;  THE  WEEK  OF  OCTOBER   8-14.  INCLUSIVE,   ion 
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Kr,.n, 

To 

inTrai. 

TOM 

1 

9 

s 

1 

« 

« 

Baltimore  A  Ohio  H.  It. 
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Fordbam  Yard 

i 

3300 

11 

Illinois  Central  R.  R 

... 

344O 

11 

Illinois  Central  R.  R  

H  ir-.  m 

;  . 

i 

12 

Illinois  Central  R   R 

75 

3,000 

13 

Illinois  Central  R   R 

79 

3.180 

13 

Illinois  Central  R  R 

91 

3.64O 

13 

91 

3  MO 

14 

Illinois  Central  R   R 

89 

MM 

14 

Illinois  Central  R.  R  

83 

3.330 

g 

Pine  Yard 

80 

3'<77 

g 

Pine 

80 

3870 

g 

Pine 

TO 

4.03S 

g 

101 

aisss 

g 

Pine 

M 

3.000 

g 

Pine 

70 

4O85 

10 

Pine 

88 

3.100 

10 

Pine 

3J80 

11 

Pine 

4.000 

11 

I'm.' 

84 

3317 

12 

I'lne 

Indian*  Harbor 

M 

MM 

12 

Pine 

74 

3.950 

12 

Pine 

3.9M 

13 

Pine 

71 

4.000 

14 

Pine 

Indiana  Harbor 

97 

1,40ft 

14 

Pine 

4.OS4 

14 

Lake  Shorp  A  Michigan  Southern  Rv 

KM 

Indiana  Harbor 

»3oo 

90  tons,  operated  in  week,  Or 

t.  8-14.  1912 

u 

4.008 

74 

T   t   \  1      T        t           in  the  above  trains 

309.739 

Average  trailing  loid  in  the  above  trains,  ton* 

*  Report  covers  one  day  only. 
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TABLE  CLXIX. 


ROAD  FREIGHT  TRAINS  CONSISTING  OF  MORE  THAN  3.500  TRAILING  TONS,  HANDLED  IN  THE  CHICAGO 
TERMINALS  DURING  THE  WEEK  OF  OCTOBER  8-14.  INCLUSIVE.  loia 


Railroad* 

K,.:i.l  I'r.-ight  Train* 

Total  Train* 
Moved 
No. 

Having  more  than  2,500  Trailing  Tool 

Traini 
No. 

Per  Cent 

I      .    - 
M,,ved 
Col.  2 

Can 
No. 

Trailing 
Load 
Ton* 

Average* 

Car*  in 

Train* 
No. 

Trailing 

Cwd 

Too* 

1 

S 

3 

4 

6 

6 

7 

8 

Baltimore  &  Ohio  R.  R                

u:i 
ill 
425 
604 
19t 
333 
352 
200 
203 
335 
395 

1 
8 
35 
11  • 

1 
9 
25 
36 
32 
4 
3 

0.7 
7.2 
8.2 
1.8 
6.3 
2.7 
7.1 
18.0 
10.9 
1.2 
0.7 

53 
541 
1  IM 

647 
40 
580 
1,151 
2.700 
.,     0 
252 
165 

1,500 

22,150 
99,938 
32,409 
MM 

25,163 
67,630 
108,280 
104,387 

I,,.:,',-. 
7,925 

S3 
67 
71 
59 
40 
65 
46 
75 
76 
63 
65 

3.500 
1,768 

& 

,..i".-. 
.'.:•», 

s.708 

J.007 
MU 

2,641 

2,641 

Chicago  &  Alton  R   R                                          

Illinois  Central  R   R        

Pittsburgh,  Cincinnati,  Chicago  &  St.  Louis  Ry  .  .  . 
Pittsburgh   Fort  Wayne  &  Chicago  Ry 

Totals  

:UMII 

ir,:, 

.-.  1 

66 

*  Roads  not  shown  moved  no  trains  of  more  than  2,500  trailing  tons  during  the  week  covered  by  the  report. 
t  Report  covers  one  day  only. 


FIG.  361.  THROUGH  PASSENGER  TRAINS.  The  "20th 
Century  Limited"  of  the  Lake  Shore  &  Michigan  Southern 
Railway. 


FIG.    362.     THROUGH    PASSENGER    TRAINS.    The 
Broadway  Limited"  of  the  Pittsburgh,  Ft.  Wayne  &  Chicago 
Railway  (Pennsylvania). 


TABLE  CLXX.     DAILY  AVERAGE  NUMBER  OP  TRAINS  AND  CARS 
CROSSING  THE  CHICAGO  CITY  LIMITS 


Direction 
of 
Movement 

v.    So   ol   rraiM 

Average  Number  of  Can 

I:    ,  : 
Freight 

Freight 

tna  3m 

Road  Freight 

1  r.^-hi  Tmn-.f-r 

rhrough 

I-ocal 

Through 

Local 

1 

1 

» 

4 

8 

6 

7 

In-bound 
Out-bound  . 
Potal. 

118 
226 

44.1 

163 
188 

799 
1,093 

5,077 
5.029 

338 

450 

.i.-.jj 

l-'J 

]  592 

10.106 

:••.- 

fi.827 

TABLE    CLXXI.     PERCENTAGE     OP    THE    TOTAL     ROAD    AND 
TRANSFER  FREIGHT  TRAFFIC  HANDLED  BY  EACH  RAIL- 
ROAD WITHIN  THE  PROPOSED  LIMITS  OF  ELECTRIC 

OPERATION 
(Ton-Mile  Ba*i*.  Year  ion) 


Railroad 

:            Freight 
Traffic  Handled 

l:    ,  : 
IfM 

Transfer. 

Fr.,, 

Alohinon.  Topeka  A  .Santa  Fa  Ry    .          

2  50 
5  32 

0.63 
2.76 
6.61 

6!oi 

1.53 

3.M 

12!  46 

25.79 
5.15 
0.16 

r75 

8!is 

i'.ti 

"in 
1.54 
0.46 
4.52 
0.24 
1.78 
2.61 
0.03 
3.66 
0.81 
1.87 
1.08 
3.63 
3.51 

K67 

Baltimore  A  Ohio  It    ft 

Baltimore  A  Ohio  Chicago  Terminal  It.  H  ...    . 
Calumet.  Hammond  A  Southeastern  R.  R..  .    . 
Cheaapeake  A  Ohio  Hy.  of  Indiana  

Chicago  A  Alton  R.  R  

1.79 

Chicago  A  Calumet  River  R.  II  

Chicago  A  Ea*tern  Illinois  R   R 

1.09 

Chicago  A  Erie  R.  R  

Chicago  A  Illinoi*  Western  R.  R  

Chicago  A  North  Western  Rv 

14.29 

Chicago  A  Western  Indiana  R.  R.  and  the  Belt 
Ry.  of  Chicago  

,  Burlington  A  Ouincy  R.  R  

0.96 


0.81 
0.16 

Chicago  Great  Western  R.  R 

Chicago,  Indiana  A  Southern  R.  R  

Chicago  Junction  Ry  .'  

Chicago,  Milwaukee  A  St.  Paul  Ry 

8.78 

Chicago  River  A  Indiana  R.  R  

Chicago,  Rock  Island  A  Pacific  Ry 

0.62 

Chicago  Short  Line  Ry  

Chicago  Union  Transfer  Ry  

Chicago,  We*t  Pullman  A  Southern  R.  R  
KIgin,  Joliet  A  Eastern  Ry  

.... 

Grand  Trunk  Western  Ry  

3.39 
10.18 

Illinois  Central  R.  R  

Illinois  Northern  Ry  

Indiana  Harbor  Belt  R.  R  

Lake  Shore  A  Michigan  Southern  Ry  

14.99 

Manufacturers'  Junction  Ry  

Michigan  Central  R.  R  

1.10 

3^3 
0.53 
9.07 
13.96 

Minneapolis.  St.  Paul  A  Sault  Stc.  Marie  Ry.  . 
New  York,  Chicago  A  St.  Louis  H.  R  

Pere  Marquette  R.  R  

Pittsburgh,  Cincinnati,  Chicago  A  St.  Louis  Ry 
Pittsburgh,  Fort  Wayne  A  Chicago  Ry.   . 

Pullman  Railroad  

Wabash  Railroad  

5.80 

Totals  

100.00 

100.00 
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FIG.  363.  THROUGH  PAS- 
SENGER TRAINS.  The  "Wol- 
verine" of  the  Michigan  Central 
Railroad. 


FIG.  364.  THROUGH  PAS- 
SENGER TRAINS.  The  "Gold- 
en Special"  of  the  Chicago  & 
North  Western  Railway. 


FIG.  365.  THROUGH  PAS- 
SENGER TRAINS.  The  "Den- 
ver Limited"  of  the  Chicago, 
Burlington  &  Quincy  Railroad. 
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FIG.  366.  THROUGH  PAS- 
SENGER TRAINS.  The  "Day 
Light  Special"  of  the  Illinois 
Central  Railroad. 


FIG.  367.  THROUGH  PAS- 
SENGER TRAINS.  The  "Cali- 
fornia Limited"  of  the  Atchison. 
Topeka  &  Santa  Fe  Railway. 


FIG.  368.  THROUGH  PAS- 
SENGER TRAINS.  The  "Alton 
Limited"  of  the  Chicago  &  Alton 
Railroad. 
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FIG.  369.  SUBURBAN  PAS- 
SENGER TRAINS.  Flossm(x)r 
Suburban  Train  of  the  Illinois 
Central  Railroad  at  the  67th 
Street  Station.  The  train  con- 
sists of  a  Forney  type  locomotive 
and  six  coaches. 


FIG.  370.  SUBURBAN  PAS- 
SENGER TRAINS.  Suburban 
Train  of  the  Chicago  &  North 
Western  Railway  at  Proviso.  This 
train  consists  of  a  ten-wheel  loco- 
motive and  four  coaches. 


FIG.  371.  SUBURBAN  PAS- 
SENGER TRAINS.  Suburban 
Train  of  the  Chicago,  Rock  Island 
&  Pacific  Railway  at  Brainerd  Sta- 
tion. This  train  consists  of  an 
American  type  locomotive  and 
three  coaches. 
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FIG.  372.  SUBURBAN  PAS- 
SENGER TRAINS.  Suburban 
Train  of  the  Pittsburgh,  Fort 
Wayne  &  Chicago  Railway  at 
Englewood  Station.  This  train 
consists  of  a  ten-wheel  locomotive 
and  three  coaches. 


FIG.  373.  SUBURBAN  PAS- 
SENGER TRAINS.  Suburban 
Train  of  the  Chicago,  Burlington 
&  Quincy  Railroad  at  Riverside 
Station.  This  train  consists  of  a 
ten-wheel  type  locomotive  and 
three  coaches. 


FIG.  374.  SUBURBAN  PAS- 
SENGER TRAINS.  Suburban 
Train  of  the  Chicago  &  Western 
Indiana  Railroad  at  Dolton  Sta- 
tion. 
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FIG.  375.  FREIGHT  TRAINS. 
Transfer  Train  on  the  Indiana 
Harbor  Belt  Railroad. 


FIG.  376.    FREIGHT  TRAINS. 

Transfer  Train  on  the  Illinois  Cen- 
tral Railroad. 


FIG.  377.  LOCOMOTIVES. 
Passenger  Locomotive  of  the 
Pacific  Type.  Chicago  &  North 
Western  Railway. 
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FIG.  378.  LOCOMOTIVES. 
Passenger  Locomotive  of  the 
Atlantic  Type.  Pittsburgh,  Fort 
\V;ivne  &  Chicago  Railway. 


FIG.  379.  LOCOMOTIVES. 
Prairie  Type  Locomotive.  Chi- 
cago, Burlington  &  Quincy  Rail- 
road. 


FIG.  380.  LOCOMOTIVES 
Passenger  Locomotive  of  the  Ten- 
wheel  Type.  Chicago,  Milwaukee 
&  St.  Paul  Railway. 
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FIG.  381.  LOCOMOTIVES. 
Passenger  Locomotive  of  the 
American  Type.  Atchison.  Topeka 
&  Santa  Fe  Railway. 


FIG.  382.  LOCOMOTIVES. 
Passenger  Locomotive  of  the 
American  Type.  One  of  the  older 
and  lighter  of  the  passenger  loco- 
motives used  in  Chicago,  now 
engaged  in  Suburban  Service. 
Wabash  Railroad. 


FIG.  383.  LOCOMOTIVES. 
Suburban  Passenger  Locomotive 
of  the  Forney  Type.  Illinois  Cen- 
tral Railroad. 
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FIG.  384.  LOCOMOTIVES. 
Freight  Locomotive  of  the  Mikado 
Type.  Chicago  &  North  Western 
Railway. 


FIG.  385.  LOCOMOTIVES. 
Freight  Locomotive  of  the  Con- 
solidation Type.  Lake  Shore  & 
Michigan  Southern  Railway. 


FIG.  386.  LOCOMOTIVES. 
Locomotive  of  the  Mogul  Type. 
An  older  type  of  freight  locomo- 
tive. Grand  Trunk  Western  Rail- 
way. 
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FIG.  387.    LOCOMOTIVES.  Switching  and  Transfer  Locomotive  of  the  Eight-wheel 
Type.    Chicago  &  Eastern  Illinois  Railroad. 


FIG.  388.    LOCOMOTIVES.    Switching  Locomotive  of  the  Six-wheel  Type.  Lake 
Shore  &  Michigan  Southern  Railway. 
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FIG.  389.  LOCOMOTIVES.  Switching  Locomotive  of  the  Four-wheel  Type. 
At  present,  only  a  few  locomotives  of  this  type  remain  in  service  in  Chicago.  Illinois 
Northern  Railway. 


FIG.  390.  LOCOMOTIVES.  Switching  Locomotive  of  the  Four-wheel  Type. 
This  is  a  very  light  locomotive  of  the  older  type,  used  in  switching  service.  At 
present  it  is  engaged  in  light  yard  service.  Chicago,  Milwaukee  &  St.  Paul  Railway. 


202.     STATISTICS  OF  OPERATION,  TRAFFIC  AND    TRAIN    MOVEMENTS 


SYNOPSIS:  This  chapter  describes  the  methods  employed  by  the  Committee  in  compiling 
the  statistical  facts  which  have  formed  the  basis  for  the  various  studies  relating  to  electrification. 
The  results  constitute  a  record  of  the  activities  of  the  Chicago  terminals  for  the  year  1912;  they 
show  the  number  of  locomotive-miles  performed  by  each  road  in  each  service,  the  number  of  ton- 
miles  and  the  amount  of  coal  consumed.  Certain  facts  relating  to  locomotive  performance  are  also 
presented.  


202.01  Statistical  Facts  Required:    The  de- 
velopment of  the  plan  of  electrifying  Chicago's 
railroad   terminals   and    the  preparation  of  the 
estimates  of  the  cost  required  the  compilation  of 
a  mass  of  statistical  facts  relating  to  the  amount 
of  traffic  handled,  the  extent  of  train  movements 
conducted  within  the  Area  of  Investigation  and 
other  aspects  of  the  present   steam  operation. 
Facts  relating  to  the  amount  of  fuel  consumed  by 
locomotives  also  have  been  required  in  connection 
with  estimates  of  the  amount  of  fuel  consumed 
within  the  Area  of  Investigation  (chapter  104), 
upon  which  has  been  based  the  study  of  smoke 
(chapter  105). 

Full  information  regarding  the  extent  of  the 
existing  railroad  service  within  the  proposed 
limits  of  electrification  hereinafter  defined,  its 
hourly  and  geographic  distribution  and  its  daily 
and  seasonal  variations,  was  essential  to  a  deter- 
mination of  the  amount  of  electric  energy  required 
to  perform  with  electric  motive  power  the  service 
now  performed  with  steam  power.  Because  of 
the  fundamental  importance  of  these  statistics, 
every  precaution  was  taken  in  compiling  them  to 
safeguard  against  errors  and  to  render  them  com- 
plete. The  methods  employed  to  accomplish 
this  and  a  summary  of  the  facts  obtained  are 
presented  in  the  sections  which  follow. 

202.02  Report  Forms:    Facts  relating  to  opera- 
tion and  to  the  movement  of  traffic  were  obtained 
from  reports  prepared  and  submitted  by  the  rail- 
roads.    To  insure  the  inclusion  in  these  reports 
of   all   the   required    facts,    special    forms   were 
employed  upon  which  the  desired  information 
could  be  entered.     Tentative  copies  of  such  forms 
were  prepared  by  the  Committee  after  consulta- 
tion with   representatives   of   various   railroads. 
These  were  sent  to  all  the  railroads  operating 


within  the  Area  of  Investigation,  and  later  rep- 
resentatives of  the  transportation  departments 
of  more  than  twenty  railroads  met  with  the 
Committee's  staff  to  consider  in  detail  the  plan 
for  obtaining  the  information.  At  this  meeting 
the  railroad  representatives  appointed  a  commit- 
tee of  the  transportation  officers  of  eight  rail- 
roads to  co-operate  with  the  Committee's  staff 
and  to  adopt  final  forms  and  methods.* 

As  a  result  of  these  conferences,  forms  were 
prepared  and  adopted.  Reproductions  of  typical 
reports  submitted  on  these  forms  are  presented  as 
figs.  391  to  395,  inclusive. 

It  was  recognized  that  the  division  of  the 
switching  service  into  "Yard  Switching,"  "Freight 
Transfer"  and  "Passenger  Transfer,"  as  defined 
in  the  instructions  printed  on  the  forms  furnished 
the  railroads,  is  not  fully  in  accordance  with 
ordinary  railroad  practice.  In  the  course  of  the 
discussion  which  took  place  at  the  conference  to 
which  reference  has  been  made,  some  opposition 
to  the  preliminary  blank,  "Form  i,"  arose  be- 
cause of  the  separation  of  yard  and  transfer  service. 
It  was  urged  that  these  services  are  generally 
considered  as  one  and  that  the  two  services 
require  the  same  amount  of  coal.  It  was,  how- 
ever, regarded  as  important  for  the  purposes  of 
the  Committee  to  report  the  two  separately. 

The  forms  called  for  the  desired  information  in 
sufficient  detail  to  enable  the  Committee  to  tabu- 
late the  data  for  each  class  of  traffic  and  for  each 
road  by  days  and  hours,  by  class  of  cars  (that  is, 
through  or  local)  and  by  the  geographic  location 
of  each  movement. 

The  magnitude  of  the  work  involved  in  com- 
piling the  statistics  which,  in  this  report,  are 

•See  "Minutes  of  Meeting  of  Advisory  Committee  of  Representatives  of 
Railway  Transportation  Department*  held  Sept.  19.  191 1."  Bulletin  I.  Vol.  II, 
and  Circular  Letter  No.  34.  dated  Dec.  II,  1911,  Archives  of  the  Committee. 
Vol.  B  11. 
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122  MICHIGAN   BOULEVARD.   CHICAGO 


FOMM  1. 


y«w 


CHICAGO  TERMINAL 


_  Ry.    Yard  Jta&tePA  fl»jb»c  Data,  Ending  Midnight 
REPORT  OF  YARD  LOCOMOTIVES. 

INSTRUCTIONS. 


Pcto_b«-_8A  .......  191  L 


1.  This  report  to  include  passenger  and  freight  switching  and  cover  each  day  of  twenty-four  hours  commencing  12.01  a.  m.  of  the  day  for 

which  the  report  is  made. 

2.  Include  on  this  form  report  of  locomotives  while  working  in  this  yard  and  industrial  or  other  terminal  switching  tributary  to  this  yard  not 

included  in  transfer  service. 

3.  Coal  to  be  reported  on  basis  of  2000  Ibs.,  per  ton,  amount  to  be  ascertained  by  actual  weight,  measurement,  observation,  or  from  statistics  of 

companies  showing  the  consumption  of  coal  on  yard  locomotives  for  given  periods  and  service. 

4.  Yards  to  be  covered  by  this  report  are  those  within  the  limits  of  accompanying  Official  Terminal  Map. 
6.      Work  or  wreck  service  within  the  limits  defined  in  Article  4  will  be  reported  on  this  form. 


SERVICE 
PASS.  OR 
FREIGHT 

NUMBER 

or 

LOCOS. 

LOCO. 

TIME  WORKED 

COAL 

BURNED 
TONS 

SERVICE 
PASS.  OR 
FREIGHT 

NUMBER 
OF 
LOCOS. 

LOCO. 

TIME  WORKED 

COAL 
BURNED 
TONS 

^•VNO. 

FROM 

TO 

OR  NO. 

FROM 

TO 

freight 

On* 

4620 

6:30  P 

11:99  P 

1.94 

M 

• 

4624 

7:35  A 

12:09  P 

1.16 
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• 

• 
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9:19  P 

.05 

m 
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• 

6:40  P 

7:10  P 

.14 
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• 

9400 
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6:10  P 

.77 

M 

• 

4443 

6:30  P 

1:59  P 

1.26 

• 

• 

•    * 

1*01  A 

7:00  A 

1.61 

• 

• 

5472 

5:10  P 

1:29  P 

5.75 

• 

• 

9484 

7:10  P 

7495  P 

.69 

N 

• 

• 

2:20  P 

3:SOP 

1.07 

• 

• 

9498 

8139  P 

9:45  P 

1.07 

• 

• 

• 

9:39  A 

5:90  A 

.06 

• 

« 

4619 

7:00  A 

8:10  P 

3.04 

• 

• 

4643 

7:00  A 

6:30  P 

2.64 

• 

• 

4608 

4:49  P 

8:20  P 

1.01 

FIG.  391.    TYPICAL  REPORT  OF  YARD  LOCOMOTIVE  MOVEMENTS    ("FORM  1") 
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CHICAGO  TERMINAL 


By.  Data,  Ending  Midnight.... o°.l«A«1.8tJu. 

REPORT  OF  ROAD  FREIGHT  TRAINS. 

INSTRUCTIONS. 

1.  Tim  report  to  cover  each  outbound  road  freight  train  leaving  after  12:01  a.  m.,  and  each  inbound  road  freight  train  leaving  the  outermost 

station  «hown  on  the  accompanying  Official  Terminal  Map  after  12:01  a.  m.,  of  the  day  for  which  this  report  it  made. 

2.  A  road  freight  train  i«  one  handling  freight  can,  loaded  ana  empty,  between  point*  iniide  and  poinU  outside  of  the  trtmfer  and  terminal 

limits.    A  locomotive  running  light  in  this  service  will  be  classed  as  a  road  freight  train. 

3.  Coal  to  be  reported  on  basis  of  2000  Iba.  per  ton,  amount  to  be  ascertained  by  actual  weight,  measurement,  observation,  or  from  statistios 

of  companies  showing  the  consumption  of  coal  on  road  freight  locomotives  for  given  periods  and  service. 

4.  The  outer  station  to  be  given  in  this  report  when  freight  train  runs  to.  Jrora  or  beyond  same  is  the  outermost  one  shown  on  the  accompanying 

Official  Terminal  Map. 

5.  Local  ears  have  either  origin  or  destination  within  the  city  limit*.     Through  ears  have  neither  origin  nor  destination  within  the  city  limiU. 

6.  When  actual  total  tons  (2000  Ibs.)  of  road  freight  train  la  not  known,  give  estimate  of  same  which  covers  weight  of  ears  and  contents, 

including  caboose. 

7.  Indicate  the  route  of  road  freight  trains  by  initials  of  the  roads  traveled  between  terminal  and  outermost  station.     If  more  than  one  rout* 

of  the  same  road,  indicate  one  used. 


TRAIN 
NO. 

LOCO. 
NO. 

COAL 

BURN'D 
TONS 

DEPARTURE 

CARS  HANDLED 

ARRIVAL 

ROUTE  TRAVCLEO 
INITIALS  Of  ROAOa 

STATION  OR 
YARD 

TIMC 

NO. 

KINO 

TOTAL 
TONS 

STATION  OR 
YARD 

TIME 

74 

6117 

2.06 

Morton  Grove 

5:20A 

50 

LOCAL 

2040 

Oelewood 

6ilSA 

C.ILA  St.  P. 

5 

THRO. 

183 

62 

5551 

.88 

ej 

7:15A 

24 

LOCAL 

9S4 

• 

7:50A 

• 

4 

THRO. 

66 

6704 

1.74 

• 

6:  ISA 

45 

LOCAL 

1862 

• 

7:45A 

H 

10 

THRO. 

366 

Extra 

6711 

1.62 

• 

12:OSP 

3' 

LOCAL 

_^;i_ 

N 

1:OOP 

• 

16 

THRO. 

645 

162 

1741 

1.06 

• 

10:2SP 

34 

LOCAL 

1344 

• 

11:2SP 

• 

THRO. 

15 

Extra 

1934 

.74 

N 

2:10A 

24 

LOCAL 

954 

Western  Ave. 

3:OOA 

• 

THRO. 

92 

2811 

.42 

BeriBenvllle 

6:40? 

18 

LOCAL 

Oalewood 

8:  COP 

II 

4 

THRO. 

Extra 

6301 

.22 

M 

4:30P 

24 

LOCAL 

981 

Godfrey  Yd. 

4:50? 

SI 

THRO. 

• 

6301 

t" 

Godfrey  Yard 

5:30P 

9 

LOCAL 

351 

Oalewoed 

5:50P 

• 

THRO. 

• 

6301 

.28 

Bensenville 

1:38P 

31 

LOCAL 

1248 

Godfrey  Yd. 

2:1SP 

• 

THRO. 

65 

6541 

1.87 

Western  Ave. 

9:55? 

SB 

LOCAL 

2402 

Morton  Grove 

11:OOP 

• 

THRO. 

Extra 

6117 

.48 

Oalewood 

2:40P 

22 

LOCAL 

612 

M          • 

3:40P 

II 

THRO. 

M 

1917 

1.42 

• 

11:COA 

44 

LOCAL 

1821 

•          * 

12:15? 

II 

THRO. 

67 

19S4 

1.82 

• 

7:10* 

57 

LOCAL 

2340 

•           • 

8:OOP 

• 

THRO. 

Extra 

6543 

i»w 

N 

11:43A 

60 

LOCAL 

2034 

•          « 

12t35P 

• 

THRO. 

91 

2325 

.21 

• 

5:501 

7 

LOCAL 

267 

*)          • 

6:50A 

• 

THRO. 

Extra 

6704 

1.39 

• 

2:25P 

45 

LOCAL 

1782 

•           « 

4:30P 

SI 

THRO. 

2/63 

3100 

2.08 

• 

5:20A 

64 

LOCAL 

2667 

»          * 

6:OOA 

• 

THRO. 

65 

1606 

.66 

• 

11:02P 

24 

LOCAL 

981 

Bensenville 

111  SAP 

• 

THRO. 

Extra 

2802 

1.12 

N 

9:30P 

40 

LOCAL 

1653 

• 

9:55P 

• 

THRO. 

• 

2801 

.81 

• 

1:10P 

31 

LOCAL 

1194 

• 

1:35P 

• 

THRO. 

• 

2449 

.36 

• 

1:25P 

1 

LOCAL 

15 

Wertern  Ave. 

2:00? 

• 

THRO. 

• 

2449 

1.11 

WaMtnrn  AVA 

3:30P 

64 

LOCAL 

987 

Beneenville 

5:10? 

• 

THRO. 

• 

6703 

1.24 

Morton  Grove 

1:25A 

Z(\ 

LOCAL 

984 

Galevood 

3i2SA 

•J 

17 

THRO. 

606 

FIG.  392.    TYPICAL  REPORT  OF  ROAD  FREIGHT  TRAIN  MOVEMENTS    ("FORM  2") 


r.  in. » 24 12  m 


Til  Clicago  Associate  of  Coiierce 

CnilttN  of  ImstigaHoi  01  Sioke  AbattMit 

and  Electrificatkii  of  Railway  Ttniials 

122  MICHIQAN    BOULEVARD.  CHICAGO 


CHICAGO  TERMINAL 


By.  D«t«.  E"«"no  Midnight 

REPORT  OF  FREIGHT  TRANSFER  TRAINS. 

INSTRUCTIONS. 


PON*  S. 


.191;; 


1.      This  report  to  cover  each  freight  transfer  tnp  tearing  after  12.01  a .  m,  of  theday  for  which  this  report  it  made. 

A  freight  transfer  train  in  any  movement  of  freight  can,  loaded  and  empty,  between  railroadi,  or  between  yard*  of  the  same  railroad  that  are 

not  contiguous.    A  locomotive  running  light  in  this  lervice  will  be  classed  u  a  freight  transfer  train. 
3       Coal  to  be  reported  on  basis  of  2000  Ibs.  per  ton,  amount  to  be  ascertained  by  actual  weight,  measurement,  observation,  or  from  statistics  of 

compinie*  showing  the  consumption  of  coal  on  freight  transfer  locomotive*  for  given  periods  and  service. 
4.      The  outer  station  to  be  given  in  this  report  when  transfer  runs  to,  from  or  beyond  same  U  the  outermost  one  shown  on  the  accompanying 

Official  Terminal  Map. 
6.      Local  cars  have  either  origin  or  destination  within  the  city  limits.    Through  cars  have  neither  origin  nor  destination  within  the  city  limits. 

6.  When  actual  total  tons  (2000  Ibs:)  of  freight  transfer  train  is  not  known,  give  estimate  of  same  which  coven  weight  of  ears"  and  contents, 

including  caboose. 

7.  Indicate  the  route  of  freight  transfer  trains  by  initials  of  the  roads  traveled  between  terminal  and  outermost  station.    If  more  than  one 

route  of  the  same  road,  indicate  one  used. 


LOCO. 
No.  OR 
CLASS 

COAL 

DEPARTURE 

CARS  HANDLED 

ARRIVAL 

ROUTE  TRAVELED 
INITIALS  OF  ROADS 

BURN'D 
TONS 

•TATION  OR 
YARD 

TIMC 

NO. 

KIND 

TOTAL 
TONS 

STATION   OR 
YARD 

TIME 

1690 

,254 

VMtern  Ava. 

5:15  A 

26 

LOCAL 

1020 

Harriaon  St. 

6:10  A 

C.B.*  Q. 

THRO. 

1690 

.116 

Harrison  St. 

7:00  A 

LOCAL 

Waatarn  Ava. 

7:25  A 

• 

THRO. 

1690 

.069 

Weatern  Ave. 

7:45  A 

LOCAL 

Canal  St. 

8:00  A 

• 

THRO. 

1690 

.046 

Canal  St. 

6:25  A 

8 

LOCAL 

180 

Harriaon  St. 

8:35  A 

• 

THRO. 

1690 

.209 

Canal  St. 

5:45  P 

7 

LOCAL 

215 

Waatarn  Ava. 

6:30  P 

IS 

THRO. 

1690 

.092 

Western  Ave. 

7:20  P 

LOCAL 

Canal  St. 

7:40  P 

• 

THRO. 

1690 

.069 

Canal  St. 

8:45  P 

LOCAL 

14th  St. 

9:00  P 

• 

THRO. 

1690 

.023 

14th  St. 

10:00  P 

LOCAL 

Harrieon  St. 

10:05  P 

• 

THRO. 

1690 

.028 

PFTF4C 

iath  st. 

.0:15  P 

LOCAL 

Canal  St. 

10:82  P 

P.F.W.*  C.-Q 

THRO. 

1415 

.137 

Westarn  Ave. 

3:50  A 

42 

LOCAL 

1850 

Unbar  Diat. 

4:20  A 

Sanganon  Sjj 

THRO. 

1415 

.065 

Lumbar   Met. 

7:10  A 

LOCAL 

Waatarn  Ava. 

7:25  A 

•           • 

THRO 

1415 

.297 

Weatarn  Ava. 

8:25  A 

30 

LOCAL 

1350 

Canal  St. 

9:30  A 

C.B.*  0. 

THRO. 

1415 

.065 

Canal  St. 

9:30  A 

LOCAL 

Waatarn  Ava. 

9:45  A 

• 

THRO. 

1415 

.065 

Canal  St. 

2:50  P 

7 

LOCAL 

315 

Harriaon  St. 

3:05  P 

• 

THRO. 

1415 

.045 

Harriaon  St. 

3:25  P 

LOCAL 

Canal  St. 

3:35  P 

• 

THRO. 

1415 

.090 

Canal  St. 

3:35  P 

8 

LOCAL 

285 

Western  Ave. 

3:55  P 

• 

THRO. 

1415 

.090 

Western  Ava. 

4:45  P 

17 

LOCAL 

765 

Hawthorne  Yd 

5:05  P 

• 

THRO. 

1415 

.137 

Western  Ava. 

7:30  P 

LOCAL 

Lumber  Diat. 

8:00  P 

26th  St. 

THRO. 

1415 

.297 

Lunber  Diet. 

11:05  A 

50 

LOCAL 

2200 

Western  Ava. 

12:10  P 

• 

THRO. 

1419 

.137 

Vaatarn  Ava. 

7:10  P 

LOCAL 

Limber  Diet. 

7:40  P 

M 

THRO. 

3185 

.187 

Belt 
Hawthorne 

9:35  A 

LOCAL 

Hawthorn  a  Yd 

10:00  A 

Bait  •  CB*Q 

THRO. 

3185 

.487 

Hawthorne  Yd 

10:55  A 

17 

LOCAL 

Ml 

PCCaSU 
47th  St. 

12:00  A 

C.B.*Q-PCC*StL 

3 

THRO. 

95 

3195 

.47} 

PCCASt.  L 
47th  St. 

12:00  A 

1 

LOCAL 

10 

Hawthoma  Td 

1:05  P 

PCCaStL-ffl*Q 

THRO. 

LOCAL 

TMRO. 

FIG.  393.    TYPICAL  REPORT  OF  FREIGHT  TRANSFER  TRAIN  MOVEMENTS    ("FORM  3") 


r.  IM.  <  N.U  in 


The  Chicago  Association  o'  Coimerce 

Committee  of  Investigation  on  S  coke  Abatement 

and  Electrification  of  Raihw  Terminals 

122    MICHIGAN   BOULEVARD.  CHICAGO 


CHICAGO  TERMINAL 


.181-2. 


1. 

a. 

3. 

4. 

6. 

8. 
7. 


S. 


--Ry.  Date,  Ending  Midnight 

REPORT  OF  PASSENGER  TRANSFER  TRAINS. 

INSTRUCTIONS. 

This  report  to  cover  each  passenger  transfer  trip  leaving  after  12.01  a.  m.  of  the  day  for  which  this  report  u  made. 

A  passenger  transfer  train  is  any  movement  of  passenger  can,  loaded  and  empty,  between  railroads,  or  between  yards  of  the  same  railroad 

that  are  not  contiguous.     A  locomotive  running  light  in  this  service  will  be  classed  aa  a  passenger  transfer  train. 
In  In  -4  column  indicate  whether  regular  transfer  tram  runs  Daily,  Daily  except  Sunday,  Sunday  only  or  on  what  special  days. 
Coal  to  be  reported  on  basis  of  2000'  Ibs.  per  ton,  amount  to  bo  ascertained  by  actual  weight,  measurement,  observation,  or  from  statistics  of 

companies  showing  the  consumption  of  coal  on  passenger  transfer  locomotives,  for  given  periods  and  service. 
The  outer  station  to  be  given  in  this  report  when  transfer  runs  to,  from  or  beyond  same  is  the  outermost  one  shown  on  accompanying 

Official  Terminal  Map. 

When  actual  total  tons  (2000  Ibs.)  of  passenger  transfer  train  is  not  known,  give  estimate  of  same,  which  covers  weight  of  ears  and  contents.. 
Indicate  the  route  of  passenger  transfer  trains  by  initials  of  the  roads  traveled  between  terminal  and  outermost  station.     If  more  than  one 

route  of  the  same  road,  indicate  one  used. 
Passenger  transfer  trains  handled  by  tram  locomotives  will  be  reported  on  Form  5. 


DAILY, 
DAILVIXOBPT 
•UMDAT. 
SUNDAY  ONLY 

LOCO. 
NO.  OR 

CLASS 

COAL 

DEPARTURE 

CARS  HANDLED 

ARRIVAL 

ROUTE  TRAVELED 
INITIALS  OF  ROADS 

BURN'D 

TONS 

STATION  OR 
YARD 

TIME 

NO. 

TOTAL 
TON* 

STATION  OM 
YARD 

TIMC 

Ixtrs. 

452 

.432 

Brighton  Pk. 

2:40  P 

1 

50 

C  *   N  W 
Western  AY*. 

3:20  P 

CM;   CJ;   CftHV 

M 

» 

.380 

C  &  N  W 
Western  Ave. 

3:25  P 

0 

0 

Brighton  Pk. 

4:00  P 

•                 H                 • 

FIG.  394.    TYPICAL  REPORT  OF  PASSENGER  TRANSFER  TRAIN  MOVEMENTS    ("FORM  4") 
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SMOKE  ABATEMENT  AND  ELECTRIFICATION  IN  CHICAGO 
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summarized  only  by  final  results,  is  suggested  by 
the  fact  that,  in  addition  to  the  engineering  and 
clerical  staff  of  the  Committee,  the  work  required 
the  services  of  several  employes  on  each  railroad 
for  the  greater  part  of  a  year. 

202.03  The  Uses  of  the  Report  Forms:  The 
forms  called  for  information  covering  activities 
within  the  entire  Area  of  Investigation.  Accom- 
panying the  blanks  sent  to  the  railroads  were  a 
map  on  which  the  limits  of  the  Area  of  Investiga- 
tion were  defined,  and  a  list  of  the  outermost 
stations  on  each  road  with  their  distances  from  the 
city  limits  and  from  the  city  passenger  terminal 
used  by  the  road  in  question.  Those  railroads 
which  are  entirely  within  the  Area  of  Investigation 
were  requested  to  report  all  movements  and,  if  oper- 
ating beyond  the  limits  over  the  tracks  of  another 
railroad,  to  be  governed  by  the  outermost  station 
as  given  for  that  road.  On  the  map  the  limiting 
line  was  drawn  just  beyond  the  outermost  station 
as  given  in  the  statement,  but  the  station  was 
taken  as  the  limit.  In  cases  where  this  station 
lay  within  a  yard,  directions  were  given  that  the 
reports  on  "Form  i"  (fig.  391)  should  include 
the  work  in  the  entire  yard,  even  though  part 
of  the  yard  might  lie  beyond  the  outermost 
station. 

With  reference  to  the  amount  of  coal  consumed, 
all  forms  required  that  it  be  obtained  either  by 
weighing  or  measuring,  or  from  statistics  of  the 
companies  showing  the  consumption  of  coal  for 
given  periods  by  locomotives  engaged  in  similar 
service;  but,  in  the  discussion  between  members  of 
the  engineering  staff  of  the  Committee  and  repre- 
sentatives of  railroads,  many  views  were  expressed 
'as  to  the  advisability  of  reporting  the  fuel  on  an 
hourly  or  mileage  basis  and  also  as  to  the  simplest 
and  most  accurate  method  of  obtaining  this 
record.  A  meeting  was  held  at  which  representa- 
tives of  more  than  20  of  the  railroads  operating 
within  the  Area  of  Investigation  joined  with  the 
Committee's  engineering  staff  for  a  discussion 
of  the  matter.  At  this  meeting  a  committee 
representing  14  railroads  was  appointed  to  form- 
ulate a  definite  plan.  The  report  of  this  com- 
mittee recommended  that  the  actual  amount  of 
coal  issued  to  suburban,  switching,  work  and 
transfer  locomotives  be  accounted  for  on  either 
an  hourly  or  a  mileage  basis,  and  that  the  coal 
issued  to  passenger  and  freight  locomotives  in 


through  service  be  ascertained  and  accounted  for 
on  a  mileage  basis  for  the  division  running  into 
Chicago.*  This  suggestion,  however,  was  not 
uniformly  followed  by  all  roads. 

"Form  i"  (fig.  391)  was  used  for  reporting 
movements  involving  both  passenger  and  freight 
switching  for  each  day  of  24  hours,  commencing 
at  12:01  A.M.  of  the  day  on  which  the  report  was 
dated.  It  was  used  also  in  reporting  movements 
of  locomotives  employed  in  industrial  or  other 
terminal  switching  service  not  included  in  the 
reports  of  transfer  service. 

"Form  2"  (fig.  392)  was  used  in  reporting  the 
movements  of  all  outbound  road  freight  trains 
leaving  the  terminal,  and  of  all  inbound  road 
freight  trains  leaving  the  outermost  station  with- 
in the  defined  limits,  on  the  day  covered  by  the 
report.  A  road  freight  train  was  defined  as  one 
handling  freight  cars,  loaded  or  empty,  between 
points  inside  and  points  outside  of  the  transfer 
and  terminal  limits.  Locomotives  running  light 
in  this  service  were  also  included.  Local  cars  were 
denned  as  those  having  either  origin  or  desti- 
nation within  the  city  limits,  and  through  cars  as 
those  shipped  from  points  outside  the  city  and 
consigned  to  points  outside  the  city.  Through 
cars  which  appear  in  the  Chicago  terminals  are, 
of  course,  in  transit  between  their  origin  and 
destination.  When  it  was  not  possible  to  dis- 
tinguish accurately  between  through  and  local 
empty  cars,  they  were  pro-rated  on  the  basis  of  the 
through  and  local  loaded  cars  in  the  same  train. 

"Form  3"  (fig.  393)  was  used  in  reporting  the 
movements  of  freight  transfer  trains,  which  were 
defined  as  trains  made  up  of  freight  cars,  loaded  or 
empty,  in  transit  between  different  railroads  or 
between  yards  of  the  same  railroad  that  are  not 
contiguous.  Locomotives  running  light  in  this 
service  were  also  included. 

"Form  4"  (fig.  394)  was  used  in  reporting  the 
movements  of  passenger  transfer  trains,  which 
were  defined  as  trains  made  up  of  passenger  cars, 
loaded  or  empty,  in  transit  between  different 
railroads  or  between  yards  of  the  same  railroad 
that  are  not  contiguous.  Locomotives  running 
light  in  this  service  were  also  included,  but  passen- 
ger transfer  trains  handled  by  train  locomotives 
were  reported  as  passenger  trains  on  "Form  5." 


•See  letter  of  R.  Quayle.  Chairman,  dated  Nov.  10,  1911,  Archiv 
Committee.  Vol.  D. 
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"Form  5"  (fig.  395)  was  used  in  reporting  the 
movements  of  regular  and  extra  passenger  trains. 
Sections  of  trains,  when  run  regularly,  were  re- 
ported as  regular  trains;  when  run  occasionally, 
as  extra  trains. 

In  the  reports  on  all  of  the  forms  except  that 
for  yard  switching,  each  railroad  reported  the 
number  of  cars  handled  and  the  routes  traveled 
by  its  own  locomotives,  whether  using  its  own 
tracks  or  the  tracks  of  another  railroad. 

202.04  Report  Periods:     It  was  the  original 
intention  to  secure  full  reports  on  each  of  the 
forms,  covering  a  period  of  one  week  during  each 
month   of  the  year  1912.     Owing,  however,  to 
the  magnitude  of  the  work  devolving  upon  the 
railroads,   to  the  probability  that  the  work  of 
one  month's  observation  period  would  overlap 
that  of  the  next,  to  the  difficulty  of  exercising 
such    supervision    as    would    insure    uniformity, 
accuracy  and  completeness  in  the  reports  from 
so  large  a  number  of  observers  and  from  so  many 
localities,  and  to  the  vast  number  of  facts  that 
were  being  developed  on  the  completed  forms, 
it  was  decided  to  reduce  the  number  of  report 
periods  but,  at  the  same  time,  to  distribute  them 
over  the  entire  year  in  a  manner  which  would 
render  the  result  fully  representative.     The  ob- 
servation  periods   selected  and  covered  by  the 
reports  were  as  follows: 

Week  of  January  9-15,  inclusive. 
Week  of  March  12-18,  inclusive. 
Week  of  May  14-20,  inclusive. 
Week  of  August  13-19,  inclusive. 
Week  of  October  8-14,  inclusive. 

202.05  Retabulation  of  Reported  Data:    In- 
formation received  from  the  railroads  on  "Form 
*"    (%•  39i)  was  retabulated  on   "Form  i-A" 
(fig.  396),  and  the  information  received  on  Forms 
2,  3,  4  and   5  (figs.  392  to  395,  inclusive,)  was 
retabulated  on  "Form  2345-A"  (fig.  397). 

The  calculations  necessary  to  subdivide  the 
information  reported  by  the  railroads  into  the 
hourly  data  required  in  the  case  of  the  reports  of 
yard  switching  service  submitted  on  "Form  i" 
and  into  "elements"  in  the  case  of  information 
reported  on  other  forms,  were  made  on  the  retabu- 
lation  sheets  "Form  i-A"  and  "Form  2345^" 
(figs.  396  and  397) .  For  example,  under  the  head- 
ing ' '  Day  of  Week  "  on  "  Form  i  -A, "  was  given  the 
number  of  the  day,  Tuesday  being  taken  as  the 


first  day  of  the  observation  period.  The  entries 
under  character  of  service,  "Passenger  or  Freight," 
and  under  "Locomotive  Number"  require  no  ex- 
planation. Under  the  heading  "Time  Worked" 
was  entered  first,  under  "From, "  at  the  top  of  the 
sheet,  the  time  that  the  locomotive  began  work 
at  the  yard  named,  and  under  this,  each  on  a  sepa- 
rate line,  was  entered  each  hour  during  which  the 
locomotive  worked,  the  24-hour  basis  being  intro- 
duced by  the  addition  of  12  to  all  P.M.  hours 
entered;  under  "To"  was  entered  on  the  same 
line  as  the  last  entry  under  "From,"  the  hour 
when  the  locomotive  ceased  to  work.  Under 
"Hours  of  Service"  was  entered  in  decimal  form 
the  number  of  hours  the  locomotive  worked; 
under  "Hours"  was  entered  the  hour  or  deci- 
mal corresponding  to  each  entry  under  "Time 
Worked";  under  "Coal"  were  made  entries 
showing  the  amount  of  coal  consumed  in  each 
hour  and  fraction  of  an  hour  as  deduced  from  the 
column, ' '  Coal  Burned,  Tons, ' '  and  its  subdivisions, 
"Total"  and  "Average  per  Hour."  Each  entry 
on  "Form  i-A"  was  made  to  cover  a  period  of  one 
hour  or  fraction  thereof.  The  work  covered  by 
the  first  entry  illustrated  in  fig.  396,  having  re- 
quired 5.5  hours,  the  statement  of  facts  is  sub- 
divided into  six  entries. 

The  retabulation  required  the  use  of  the  official 
route  map,  which  has  been  elsewhere  described 
(section  104.05),  in  order  that  the  names  given 
in  the  railroad  reports  might  be  translated  into 
location  or  "element"  numbers  as  shown  on 
the  route  map. 

With  the  completion  of  this  retabulation  the 
information  contained  upon  the  sheets  was  trans- 
ferred to  cards  of  the  Hollerith  system  (section 
202.07)  by  means  of  which  the  facts  could  be 
tabulated  according  to  any  desired  arrangement. 

202.06  Field  Tests  and  Observations:  A 
large  number  of  field  tests  and  observations  were 
made  in  each  class  of  service  to  obtain  supple- 
mentary information  needed  for  subsequent  calcu- 
lations and  to  provide  a  basis  for  checking  the 
information  contained  in  the  reports.  These  tests 
were  conducted  jointly  by  a  representative  of 
the  railroads  and  a  representative  of  the  Com- 
mittee. A  form  prepared  by  the  Committee  was 
employed  for  entering  the  facts  observed.  A  re- 
production of  this  form,  upon  which  is  entered  a 
typical  record  of  a  test,  is  presented  as  fig.  398. 
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As  indicated  by  "Form  i6-A"  (fig.  398),  the 
tests  included  observations  with  regard  to  length 
of  run,  running  and  standing  time,  speed,  tonnage 
moved,  coal  burned,  number  of  cars  handled, 
character  of  smoke  produced,  and  also  informa- 
tion as  to  the  conditions  of  operation  of  the  loco- 
motive. In  tests  of  yard  and  transfer  service,  the 
speed  was  obtained  by  timing  a  counter  attached 
to  the  cross-head  on  the  locomotive  and,  in  all 
other  tests,  the  speed  was  obtained  by  noting  the 
time  of  passing  stations,  streets  or  other  points 
from  which  distances  could  be  readily  determined. 
The  observations  covered  1,076  locomotive-hours 
of  service,  during  which  time  the  locomotives 
under  observation  traveled  5,806  miles. 

These  tests  and  observations  were  made  under 
service  conditions  and  were  undertaken  for  the 
purpose  of  acquiring  information  not  obtainable 
from  the  reports  and  of  securing  accurate  data  for 
comparison  with  the  results  of  the  Committee's 
locomotive  tests  made  at  the  Altoona,  Pa., 
testing  plant  of  the  Pennsylvania  Railroad  (sec- 
tion 105.24).  The  tests  also  permitted  compari- 
sons to  be  made  with  reference  to  the  work 
performed  by  locomotives  in  different  yards,  and 
were  useful  as  a  general  check  against  the  fig- 
ures given  in  the  various  railroad  reports.  The 
results,  combined  with  the  facts  recorded  on 
Forms  i  to  5,  yielded  important  data  which  are 
hereinafter  discussed. 

202.07  The  Card  System  of  Mechanical  Tab- 
ulation: The  Hollerith  system  of  mechanical 
tabulation  employed  in  the  investigation  is  based 
upon  the  use  of  cards  on  which  the  facts  are 
recorded  by  perforations  which,  in  turn,  provide 
a  means  by  which  the  cards  may  be  mechanically 
sorted  to  yield  any  desired  combination  of  re- 
sults. The  locations  of  the  perforations  indicate 
the  amounts  and,  in  connection  with  appropriate 
column  headings,  the  class  of  facts  recorded. 
Figs.  399  and  400  represent  two  sample  cards, 
fig-  399  being  a  card  made  up  from  facts  origi- 
nally recorded  on  "Form  i"  and  re-tabulated 
as  the  first  entry  on  "Form  i-A"  (fig.  396). 

A  brief  description  of  the  operation  of  the 
system  will  indicate  some  of  the  possibilities  of 
developing  the  information  transferred  to  the 
cards.  The  cards  (figs.  399  and  400)  are  divided 
by  vertical  lines  into  fields  or  columns  of  a  width 
and  with  a  heading  appropriate  to  the  special 


facts  under  tabulation.  Each  field  consists  of 
columns  of  figures  from  o  to  9,  and  the  punching 
machine  upon  which  the  cards  are  prepared  has 
punches  located  in  corresponding  positions  so  that 
when  the  keys  are  manipulated  a  round  hole  is 
punched  covering  the  numeral  corresponding  to 
the  key  operated. 

The  card  represented  by  fig.  399  was  punched 
according  to  an  entry  on  fig.  396,  with  the 
addition  of  the  date,  yard  number  and  railroad 
number  shown  in  the  heading.  The  year  (1912) 
is  indicated  by  the  punching  out  of  "2"  in  the 
first  field  or  column  of  the  card.  Reading  the 
perforations  in  connection  with  the  field  head- 
ings, by  consecutive  columns  of  perforations  from 
left  to  right,  the  card  is  punched  to  indicate  that 
road  No.  30  (according  to  an  arbitrary  classifi- 
cation adopted  for  the  purposes  of  the  investi- 
gation) was  switching  freight  cars  with  locomotive 
No.  4620  in  yard  No.  207  (designation  on  the  route 
map)  in  Zone  No.  9  (the  numerical  designation 
of  Zone  B  in  Indiana)  for  0.50  hours  beginning 
at  6:30  P.M.  on  the  first  day  of  the  October 
report  period  (Tuesday,  October  14),  that  the 
locomotive  burned  0.14  ton  of  coal,  and  that  the 
information  was  obtained  from  sheet  No.  i . 

This  card  covers  the  first  half-hour  of  the  work 
of  this  locomotive  at  this  yard.  The  remaining 
five  hours  of  its  continuous  work  are  covered  by 
the  following  five  lines  entered  on  "Form  i-A" 
(fig.  396),  and  one  card  was  punched  in  a  manner 
similar  to  that  described  for  each  of  these  lines. 
Each  card,  therefore,  contains  information  cover-, 
ing  one  hour  or  fraction  thereof. 

By  the  process  of  punching  employed,  cards 
may  be  punched  at  the  rate  of  approximately 
200  per  hour  per  operator.  After  being  punched 
they  may  be  sorted  by  a  motor  driven  sorting 
machine  at  the  rate  of  6,000  to  8,000  per  hour, 
and  the  information  presented  in  any  number  of 
columns  may  be  added  simultaneously  by  the 
Hollerith  tabulating  machine  at  the  rate  of  6,000 
cards  per  hour. 

By  means  of  the  sorting  machine,  cards  may  be 
arranged  in  any  order  desired.  For  example,  if 
it  is  desired  to  segregate  the  cards  showing  the 
work  performed  in  yard  207  during  one  observa- 
tion period,  all  cards  for  that  period  are  placed 
in  the  sorting  machine  regardless  of  the  order  in 
which  they  stand.  This  number  (207),  consisting 
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FIG   399.    TYPICAL  CARD  RECORD  OF  LOCOMOTIVE  MOVEMENT  IN  YARD  SERVICE,  FOR  USE  IN 
CONNECTION  WITH  THE  HOLLERITH  SYSTEM  OF  AUTOMATIC  TABULATION 

(Taken  from  "Form  1-A,"  fig.  396.) 

This  card  is  punched  to  indicate  that  Road  No.  30  was  switching  freight  cars  with  Locomotive  No.  4620  in  Yard  No.  207  in 
Zone  No.  9  (Zone  B  in  Indiana)  for  five-tenths  of  an  hour,  beginning  at  6:30  P.M.  on  the  first  day  of  the  October  report  period, 
and  that  the  locomotive  burned  0.14  ton  of  coal;  also  that  the  information  was  obtained  from  Sheet  No.  1. 
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FIG.  400.    TYPICAL  CARD  RECORD  OF  FREIGHT  TRAIN  MOVEMENT  FOR  USE  IN  CONNECTION  WITH  THE 

HOLLERITH  SYSTEM  OF  AUTOMATIC  TABULATION 

(Taken  from  "Form  2345-A,"  fig.  397) 

This  card  is  punched  to  indicate  the  movement  of  a  Road  Freight  (Class  2)  train  operated  by  Road  No.  18  from  point  No. 
51  to  point  No.  50  on  the  official  route  map  on  the  first  day  of  the  October  report  period.  The  train  left  point  No.  51  at  1 : 25 
A.M.  and  reached  point  No.  50,  0.51  hour  later.  The  locomotive  weighed  183  tons  and  burned  0.32  ton  of  coal  during  the 
run.  The  train  consisted  of  26  local  cars  weighing  984  tons,  and  17  through  cars  weighing  603  tons.  The  information  was  taken 
from  Sheet  No.  4.  The  distance  between  points  Nos.  51  and  50  is  2.9  miles. 
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of  three  figures,  requires  that  the  cards  be  passed 
through  the  sorting  machine  three  times,  the  first 
time  segregating  the  cards  having  "2  "  punched  in 
the  first  column  of  the  field  representing  the  yard 
number,  the  second  time  those  that  have  "o" 
punched  in  the  next  column  and  the  third  time 
those  having  "7"  punched  in  the  third  column. 

The  tabulation  of  the  cards  is  accomplished  by 
a  motor-driven  machine  having  a  series  of  coun- 
ters. After  being  sorted,  the  cards  are  placed  in 
the  magazine  of  the  tabulator,  and  as  they  pass 
through,  one  by  one,  a  set  of  metallic  brushes 
effects  an  electric  contact  through  the  perfora- 
tions and  operates  corresponding  counters  from 
which  the  operator  may  read  the  totals  and  re- 
cord the  results. 

The  information  relating  to  yard  switching 
service,  for  the  five  report  periods  of  seven  days 
each,  required  the  use  of  a  total  of  approximately 
319,000  cards. 

Fig.  400  represents  one  of  the  cards  used  in  con- 
nection with  "Form  2345-A"  (fig.  397)  upon  which 
were  tabulated  the  facts  concerning  road  freight, 
freight  transfer,  passenger  transfer  and  through 
and  suburban  passenger  services.  In  the  course 
of  preparing  the  information,  some  changes  were 
made  which  had  not  been  contemplated  when  the 
cards  were  printed.  The  class  column  on  the 
card  reproduced  corresponds  to  the  form  on  which 
the  original  information  was  received.  Both 
through  and  suburban  passenger  services  were  re- 
ported on  "Form  5  "  (fig.  395),  and  cards  for  both 
these  subdivisions  were  punched  as  class  5.  By 
punching  the  "4"  in  the  "year"  column  (which 
it  was  unnecessary  to  use  under  its  original 
caption)  to  indicate  through  service  and  the 
"7"  in  the  same  column  to  indicate  suburban 
service,  the  two  passenger  services  were  distin- 
guished from  each  other.  Terminal  numbers  as 
recorded  represent  the  element  numbers  arbi- 
trarily assigned  to  points  on  the  official  route 
map  and  serve  to  define  the  limits  of  the  move- 
ment or  of  that  part  of  the  movement  under  con- 
sideration. Columns  42  and  43  were  used  to 
record  the  length  in  miles  and  tenths  of  a  mile 
of  the  route  element  indicated  by  the  terminal 
numbers.  The  sheet  number  is  shown  in  columns 
39,  40  and  41.  The  card,  therefore,  shows  the 
movement  of  a  road  freight  train  operated  by 
road  No.  18  from  point  No.  51  (Morton  Grove) 


to  point  No.  50  (city  limits)  on  the  official  route 
map  on  the  first  day  (Tuesday)  of  the  October 
(tenth  month)  report  period.  The  train  left 
point  No.  51  at  1:25  A.M.  and  0.51  hour  later 
reached  point  No.  50.  The  locomotive  weighed 
183  tons  and  burned  0.32  ton  of  coal  during 
the  run.  The  train  consisted  of  26  local  cars 
weighing  984  tons  and  17  through  cars  weighing 
606  tons.  The  distance  between  points  Nos.  51 
and  50  is  2.9  miles.  The  information  was  taken 
from  sheet  No.  4. 

In  tabulating  information  for  the  five  report 
periods  under  the  headings,  "Road  Freight," 
"Freight  Transfer"  and  "Passenger  Transfer" 
services,  the  following  numbers  of  cards  were 
required : 

Class  2,  Road  freight about  130,000 

Class  3,  Freight  transfer  ....  about  2g8,ooo 
Class  4,  Passenger  transfer  ....  about  42,000 

In  tabulating  through  and  suburban  passenger 
service,  it  was  found  that  the  schedules  of  several 
roads  had  few  changes  for  the  different  report 
periods.  This  permitted  the  cards  punched  for 
the  first  report  period  to  be  used,  in  some  cases, 
for  one  or  more  of  the  succeeding  periods.  The 
actual  number  of  cards  punched  for  the  five  report 
periods  for  passenger  service  was  about  348,000. 
Had  it  not  been  possible  to  use  some  of  these 
cards  for  more  than  one  period,  a  total  of  about 
644,000  cards  would  have  been  required  for  this 
service. 

The  information  furnished  by  the  railroads  and 
recorded  on  the  cards,  in  connection  with  that 
shown  by  test  records  hereinafter  described,  was 
sufficient  to  permit  many  facts  not  recorded  in 
this  report  to  be  obtained  with  comparatively 
little  further  work  or  expense.  For  example, 
the  total  ton-mileage  may  be  subdivided,  and  the 
percentage  of  the  total  due  to  the  locomotive 
and  to  through  or  local  cars  obtained.  Through 
car-miles  and  local  car-miles  may  be  shown 
separately.  The  number  of  through  and  local 
cars  entering  the  city  may  also  be  shown.  The 
traffic  within  the  city  limits  or  within  certain 
subdivisions  of  the  city  may  be  determined  for 
all  roads  or  for  each  road  separately.  The  pro- 
portion of  the  total  traffic  which  is  due  to  any  one 
road  may  be  obtained  for  any  yard  or  track  sec- 
tion. The  hourly  flow  of  traffic  in  the  separate 
yards  may  be  determined  and  the  track  routes 
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which  are  used  by  individual  roads  may  be 
noted.  A  portion  of  this  information  has  been 
developed  and  is  now  filed  in  the  Archives  of  the 
Committee  (Vol.  E  46). 

From  the  facts  recorded  upon  the  cards  pre- 
pared from  Forms  i  to  5,  in  combination  with 
those  obtained  from  equipment  lists  of  railroads, 
it  is  possible  to  tabulate  the  characteristics,  such 
as  weight,  type  and  tractive  effort  of  steam  loco- 
motives in  the  several  classes  of  service.  The 
railroads  reported  the  character  of  the  service 
performed  in  all  yards  and,  although  this  was 
not  recorded  on  cards,  it  is  possible  to  show  the 
proportions  of  the  locomotive-hours  of  service, 
performed  at  any  one  yard,  devoted  to  make- 
up, break-up,  classification,  industrial  switching, 
switching  at  freight  houses  or  on  team  tracks, 
passenger  service  or  other  classes  of  service. 

202.08  Record  of  Results  Obtained  from 
Reports:  For  the  purpose  of  tabulating  the 
information  recorded  upon  the  cards,  they  were 
first  sorted  by  "route  elements."  As  defined  in 
section  104.05,  a  route  element  is  one  of  the  sec- 
tions into  which  all  the  railroad  lines  in  the  Area 
of  Investigation  were  divided  for  the  purpose  of 
aiding  in  the  apportionment  •  of  fuel  to  the  dis- 


tricts in  which  it  was  consumed.  The  termini 
of  these  elements  were  fixed  as  points  at  which 
traffic  ordinarily  might  vary  in  direction  or  in 
amount,  such  as  yards  or  junctions,  or  at  which  it 
crossed  the  boundaries  of  either  zone  of  investi- 
gation. These  elements  are  shown  upon  the  route 
map  which  appears  as  fig.  n,  section  104.05. 
When  the  cards  had  been  sorted  by  route  ele- 
ments, the  results  of  the  tabulation  were  record- 
ed on  "Form  L,"  shown  as  fig.  401  (front)  and 
as  fig.  402  (reverse).* 

The  amount  of  coal  burned  and  the  ton-miles 
of  service  performed  for  each  hour  of  the  average 
day  were  obtained  from  the  records  on  Forms  i 
to  5  by  sorting  the  cards  by  hours,  and  diagrams 
were  prepared  showing  the  results,  t 

Tables  CLXXII  to  CLXXVI,  inclusive,  show 
the  amount  of  coal  consumed,  the  locomotive 
mileage  and  the  hours  of  service  for  each  road 
and  for  each  class  of  service  for  the  entire  Area 
of  Investigation. 

*A  volume  entitled  "Summary  of  Train  Movements  and  Locomotive  Coal 
by  Elements  of  Route."  containing  "Form  L"  sheets  arranged  numerically 
by  elements,  on  which  the  data  for  the  various  classes  of  traffic  are  recorded  for 
each  element  for  each  report  period,  has  been  made  and  if  preserved  in  the 
Archives  of  the  Committee,  Vol.  E  60.  The  volume  also  contains  the  informa- 
tion on  yard  switching  service  tabulated  by  yards. 

t  The  tabulations  necessary  to  obtain  the  data  upon  which  chapters  104  and 
105  of  this  Report  are  based,  were  obtained  in  the  same  manner. 
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Table  CLXXII  shows  the  number  of  locomo- 
tive-hours, number  of  tons  of  coal  consumed  and 
the  amount  of  coal  consumed  per  locomotive- 
hour  in  yard  service,  as  reported  by  32  railroads 
for  each  of  the  five  observation  periods  of  seven 
24-hour  days. 

Table  CLXXIII  shows  the  number  of  locomo- 
tive-hours, the  number  of  tons  of  coal  consumed, 
the  amount  of  coal  consumed  per  locomotive- 
hour  and  the  locomotive-mileage  in  road  freight 
service,  on  22  railroads  for  each  of  the  five  ob- 
servation periods  of  seven  24-hour  days. 

Table  CLXXIV  presents  information  of  the 
same  character  as  that  contained  in  table 
CLXXIII,  for  freight  transfer  service  on  29 
railroads  for  each  of  the  observation  periods. 

Table  CLXXV  presents  information  of  the 
same  character  as  that  contained  in  table 
CLXXIII,  for  passenger  transfer  service  on  15 
railroads  for  each  of  the  observation  periods. 

Table  CLXXVI  presents  information  of  the 
same  character  as  that  included  in  table 
CLXXIII  for  passenger  service  on  25  railroads 
for  each  of  the  observation  periods. 

It  was  not  deemed  necessary  to  compile  the 
reports  for  all  the  periods  on  an  hourly  basis 
because  the  variation  between  them  was  not 
sufficient  to  require  it.  Since,  also,  omissions  in 
the  reports  of  the  earlier  periods  were  made  good 
in  the  later  ones,  it  was  decided  to  use  the  October 
reports  as  a  basis  for  all  hourly  segregations. 
Diagrams  from  the  October  reports  showing,  by 
hours,  the  locomotive-mileage,  ton-miles,  coal  con- 
sumed and  locomotive-hours  of  service  in  each  class 
of  service,  are  presented  as  figs.  403  to  430,  inclusive. 

Figs.  403  to  409,  inclusive,  are  diagrams  show- 
ing hourly  locomotive  mileage  for  the  average 
October  day  in  yard  service  (fig.  403) ;  road  freight 
service  (fig.  404) ;  freight  transfer  service  (fig.  405) ; 
passenger  transfer  service  (fig.  406) ;  through  passen- 
ger service  (fig.407) ;  suburban  passenger  service  (fig. 
408) ;  total  freight  and  passenger  service  (fig.  409). 

Figs.  410  to  416,  inclusive,  are  diagrams  show- 
ing hourly  ton- miles  in  yard  service  (fig.  410) ;  road 
freight  service  (fig.  411);  freight  transfer  service 
(fig.  412);  passenger .  transfer  service  (fig.  413); 
through  passenger  service  (fig.  414) ;  suburban  pas- 
senger service  (fig.  415) ;  all  classes  of  steam  service 
(fig.  416). 

Figs.  417  to  423,  inclusive,  are  diagrams  show- 


ing coal  consumed  hourly  in  yard  service  (fig. 
417);  road  freight  service  (fig.  418) ;  freight  transfer 
service  (fig.  419);  passenger  transfer  service  (fig. 
420);  through  passenger  service  (fig.  421);  sub- 
urban passenger  service  (fig.  422);  all  classes  of 
steam  service  (fig.  423). 

Figs.  424  to  430,  inclusive,  are  diagrams  show- 
ing locomotive-hours  of  service  in  yard  service  (fig. 
424);  road  freight  service  (fig.  425);  freight  trans- 
fer service  (fig.  426) ;  passenger  transfer  service 
(fig.  427) ;  through  passenger  service  (fig.  428) ;  sub- 
urban passenger  service  (fig.  429) ;  all  classes  of 
service  (fig.  430). 

202.09  Records  of  Field  Tests  and  Observa- 
tions :  Results  of  field  tests  and  observations 
described  in  section  202.06  are  recorded  in  tables 
CLXXVII  to  CLXXXI,  inclusive. 

Table  CLXXVII  is  a  summary  of  yard  loco- 
motive tests,  and  represents  the  results  obtained 
from  103  tests  on  13  different  railroads,  ranging 
from  2  to  29  tests  on  each  road  and  covering  a 
total  of  807.42  hours.  The  maximum  ratio  of 
time  in  motion  to  time  in  service  was  77.07  per 
cent  and  the  minimum  was  50.33  per  cent;  the 
average  was  60.12  per  cent.  The  greatest  aver- 
age speed  while  in  motion  during  the  tests,  for 
any  road,  was  6.7  miles  per  hour  and  the  lowest 
average  was  3.6  miles  per  hour.  Loads  varied 
from  an  average  of  191  tons  behind  the  tender, 
with  a  maximum  for  the  same  road  of  1,400  tons, 
to  a  maximum  average  of  425  tons  and  a  max- 
imum load  of  3,250  tons.  The  longest  average 
run  was  3,165  feet  and  the  shortest,  393  feet. 

A  summary  of  road  freight  tests,  as  shown  by 
table  CLXXVIII,  is  tabulated  in  a  similar  man- 
ner. The  record  covers  the  results  of  22  tests 
on  7  railroads.  Trains  subject  to  test  were  in 
motion  an  average  of  78.4  per  cent,  ranging  from 
48.7  to  100  per  cent  of  the  observation  period, 
the  100  per  cent  record,  however,  covering  a 
single  test  of  0.32  hour's  duration. 

Table  CLXXXI  is  made  up  in  a  similar 
manner  as  a  summary  of  freight  and  passen- 
ger transfer  trains,  and  covers  58  periods  of  ob- 
servation on  12  railroads.  Passenger  trains  are 
included  in  the  records  of  only  two  roads.  The 
trailing  loads  in  this  summary  range  from  an 
average  of  568  tons,  with  a  maximum  of  2,900 
tons,  to  an  average  of  2,260  tons,  with  a  max- 
imum of  2,290  tons.  The  average  length  of  run 
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FIG.  403.  TRAFFIC  DIAGRAM.  Locomotive-Mileage  for  FIG.  405.  TRAFFIC  DIAGRAM.  Locomotive-Mileage  for 
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FIG.  404.    TRAFFIC  DIAGRAM.    Locomotive-Mileage  for  FIG.  406.    TRAFFIC  DIAGRAM.    Locomotive-Mileage  for 

the  Average  Day  for  Steam  Operation  in  Road  Freight  Service       the  Average  Day  for  Steam  Operation  in  Passenger  Transfer 
within  Area  of  Investigation.  Service  within  Area  of  Investigation. 
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572 


SMOKE  ABATEMENT  AND  ELECTRIFICATION  IN  CHICAGO 


5OO.OOO 


»oo.ooo 


30O.OOO 


c 

I- 


2OO.OOO 


100.000 


4         8         8        1O  48 


FIG.  411.    TRAFFIC  DIAGRAM.    Ton-Miles  for  the  Aver-  FIG.  413.    TRAFFIC  DIAGRAM.    Ton-Miles  for  the  Aver- 

age  Day  for  Steam  Operation  in  Road  Freight  Service  within       age  Day  for  Steam  Operation  in  Passenger  Transfer  Service  with- 
Area  of  Investigation.  in  Area  of  Investigation. 
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FIG.  415.  TRAFFIC  DIAGRAM.  Ton-Miles,  for  the  Aver- 
age Day  for  Steam  Operation  in  Suburban  Passenger  Service 
within  Area  of  Investigation. 


FIG.  417.  DIAGRAM  OF  COAL  CONSUMPTION.  Tons 
of  Coal  Burned  during  the  Average  Day  for  Steam  Operation  in 
Yard  Switching  Service  within  Area  of  Investigation. 
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FIG.  416.  TRAFFIC  DIAGRAM.  Total  Ton-Miles  for 
the  Average  Day  for  Steam  Operation  in  All  Classes  of  Service 
within  Area  of  Investigation. 


FIG.  418.  DIAGRAM  OF  COAL  CONSUMPTION.  Tons 
of  Coal  Burned  during  the  Average  Day  for  Steam  Operation  in 
Road  Freight  Service  within  Area  of  Investigation. 
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FIG.  419.  DIAGRAM  OF  COAL  CONSUMPTION.  Tons 
of  Coal  Burned  during  the  Average  Day  for  Steam  Operation  in 
Freight  Transfer  Service  within  Area  of  Investigation. 


FIG.  421.  DIAGRAM  OF  COAL  CONSUMPTION.  Tons 
of  Coal  Burned  during  the  Average  Day  for  Steam  Operation  in 
Through  Passenger  Service  within  Area  of  Investigation. 
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FIG.  420.  DIAGRAM  OF  COAL  CONSUMPTION.  Tons 
of  Coal  Burned  during  the  Average  Day  for  Steam  Operation 
in  Passenger  Transfer  Service  within  Area  of  Investigation. 


FIG.  422.  DIAGRAM  OF  COAL  CONSUMPTION.  Tons 
of  Coal  Burned  during  the  Average  Day  for  Steam  Operation 
in  Suburban  Passenger  Service  within  Area  of  Investigation. 
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FIG.  423.  DIAGRAM  OF  COAL  CONSUMPTION.  Total 
Tons  of  Coal  Burned  during  the  Average  Day  for  Steam  Opera- 
tion in  All  Classes  of  Service  within  Area  of  Investigation. 


FIG.  425.  TRAFFIC  DIAGRAM.  Locomotive-Hours  of 
Service  for  the  Average  Day  for  Steam  Operation  in  Road 
Freight  Service  within  Area  of  Investigation. 
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FIG.  424.    TRAFFIC   DIAGRAM.    Locomotive-Hours  of  FIG.  426.    TRAFFIC   DIAGRAM.    Locomotive-Hours    of 

Service  for  the  Average  Day  for  Steam  Operation  in  Yard       Service  for  the  Average  Day  for  Steam  Operation  in  Freight 
Switching  Service  within  Area  of  Investigation.  Transfer  Service  within  Area  of  Investigation. 
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FIG.  427.     TRAFFIC  DIAGRAM.    Locomotive-Hours  of  FIG.  429.     TRAFFIC  DIAGRAM.     Locomotive-Hours  of 

Service  for  the  Average  Day  for  Steam  Operation  in  Passenger        Service  for  the  Average  Day  for  Steam  Operation  in  Suburban 
Transfer  Service  within  Area  of  Investigation.  Passenger  Service  within  Area  of  Investigation. 
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FIG.    428.    TRAFFIC  DIAGRAM.     Locomotive-Hours  of  FIG.  430.   TRAFFIC  DIAGRAM.    Total  Locomotive-Hours 

Service  for  the  Aveiage  Day  for  Steam  Operation  in  Through        of  Service  for  the  Average  Day  for  Steam  Operation  in  All 


Passenger  Service  within  Area  of  Investigation. 


Classes  of  Service  within  Area  of  Investigation. 
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TABLE  CLXXVII.     SUMMARY  OP  RESULTS  OP  YARD  LOCOMOTIVE  TESTS 


Railroad 

No. 
T& 

Dura- 
tion of 
Test* 
Hours* 

Tim* 

Di*- 
tUM 

ma 

Mi.  per      Trailini 
llr.           Load 
while           Ton* 
in 
Motion    Avg.   MAX. 

Loco.  Mid 

\-..  I.,K, 
Trailing 
I...  1 
Tan*  t 

10 

Ton-Mil*! 

z 

f 

Motion    Htand- 
Por      INK,  Per 
Cent       Cent 

Can 

CM 

and 
Ix>co. 

f  1 

-• 

3 

11 

\3 

18 

14 

.•< 

6 
2 
19 

5 

4 
8 

5 
8 
6 
29 

103 

-•"   -._• 

M    '.11 
19.43 
133.34 

35.78 
31.96 

f.-.oi 
24.89 

-••.i  ii', 
:n  ::M 
73.48 

IS    Ml 

245.84 

M  M 

M  17 

U  'HI 
62.38 

77.07 
66.01 
B7.M 
61.81 
58  -"> 
72.13 
02.48 

111)     !-• 

50.33 

.;i   n7 
33.73 
47.10 
37.62 

22.93 
88  •"> 

:(•_•  :•.<> 
:js   I'.i 
44.71 
27.87 
37.52 
M  58 
i"  97 

7;  -it 
!•.<>  ',.' 
M  us 
376.48 

181.60 

IMS  ,,,-, 
185.38 
U  us 

97.17 
141  .02 

:  a  M.I  ii.' 
IT;,  :,-i 
i-.7.s  r,s 

6.4 
4.1 
8.6 
4.6 

6.6 
5.1 
6.3 
3.6 
6.0 
6.2 
6.7 
6.9 
5.5 

191 
377 
408 
298 

273 
280 
243 
425 
199 
253 
Hi 
238 
329 

1,400 
MM 

3,300 
2,650 

1,550 
2.000 
2,250 
3,250 
1,160 
1.200 
1,300 

li'MXI 

I  HO 

476 
637 
408 

389 
378 
356 
527 
312 
354 
612 
357 
463 

14,71(1 
fiO,720 
23,704 
112,114 

49.640 

:;n,r.l 
I-..M-.,: 
23,406 
19,166 

UM1 

117.o«8 
41,862 
233,047 

22,533 
76..M7 
31,162 
163.790 

70.691 
41.086 

i.-,:.  n 

ttjoat 
K>,aa8 

l'..'i-,| 
I-.-.N77 
63,  i'-'' 
314.385 

I.I  01,  .01,'! 

317 
1,614 
780 
4.835 

303 
344 
618 

m 

788 
440 
BjM 

I.M.7 

6,606 

1.282 

.•• 
393 
411 

3.165 

i.',,,. 
i  M  i 
498 
650 
I.'/.-- 
499 
592 
548 

Baltimore  &  Ohio  Chicago  Terminal  K.  It.  .  . 

Chicago  A  North  Western  Ry  

Chicago  &  Western  Indiana  R.   R.  and  the 

Chicago,  Milwaukee  A  St.  Paul  Ry  

Chicago  Rock  Island  &  Pacific  Ry  

Illinois  Central  R.  R  ."  

Indiana  Harbor  Belt  R  R         

Pennsylvania  Line*  

Totals  

807.42     60.12 

39.88 

2.604.67 

6.4       300     3.3CXI       -IJ-.        797,100 

22.053 

*  With  the  exception  of  10  tests  (Nos.  311  to  310  inc.)  on  the  Pennsylvania  Lines,  the  "Duration  of  Testi"  does  not  include  the  noon  hour.     With 
the  exceptions  noted,  the  locomotives  were  idle  during  the  noon  hour, 
t  Includes  weight  of  tender.  t 58a  feet,  exclusive  of  the  Chicago  ft  Western  Indiana  Railroad  and  the  Belt  Railway  of  Chicago 


TABLE  CLXXVIII.     SUMMARY  OF  RESULTS  OP  ROAD  FREIGHT  LOCOMOTIVE  TESTS 


Railroad 

No. 
of 
Tests 

Dura- 
tion of 

Tr,M 
HoUT> 

Time 

Dis- 
tance 
Miles 

Speed 

Mi    |,.  r  llr 

Trailing 

1  ..„! 
Tons 

Loco,  and 
Average 
Trailing 

Load 

Tons- 

Ton-Mile* 

No. 
of 
Stops 

Arer- 

* 

Run 
Feet 

Motion 
Per 
Cent 

Stand- 
ing, Per 
Cent 

While 
in 
Mo- 
tion 

Max. 

Avg. 

Max. 

Can 

Can 
and 
Loco. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

il 

12 

13 

14 

15 

Atchiaon,  Topeka  A  Santa  Fe  Ry  

4 
2 
4 
1 
5 
2 
4 

1.88 
3.07 
4.57 
-.32 
4.37 
2.83 
4.93 

93.7 
81.7 
73.2 
100.0 
78.2 
48.7 
91.0 

6.3 
18.3 
26.8 
.0 
21.8 
51.3 
9.0 

31.2 
38.0 
40.4 
6.0 
53.0 
15.3 
72.4 

17.7 
15.1 
12.1 
19.0 
15.5 
11.1 
16.1 

U 

33 
31 
29 
54 
24 
46 

1,016 
1,329 
1,223 
1,749 
1,494 
1.830 
1,230 

1,500 
1,400 
3,460 
2,350 
2,210 
3,070 
1,750 

1,147 
1,478 
1,396 
1,931 
1.669 
2,062 
1,400 

31,691 
50,520 

Tl.  .I"', 

10,494 
79,158 

-s.usj 

89,040 

35,787 
56,174 
58J01 

11,586 
88,  i  IT, 

31.556 
101,354 

6 
19 
23 
1 
14 
0 
19 

27<4M 

10.560 
9,374 

31.680 
19,989- 
8.976 
20.120 

Chicago  &  North  Western  Ry  

Illinois  Central  R.  R  

Totato  .'.  

22 

21.97 

78.4 

21.6 

256.3 

14.9 

54 

1.320 

3.4AO      1,488 

338.384 

381.405 

91 

14371 

*  Includes  weight  of  tender. 


TABLE  CLXXIX.     SUMMARY  OF  RESULTS  OF  SUBURBAN  PASSENGER  LOCOMOTIVE  TESTS 


Railroad 

No. 
of 

Tests 

Dur- 
ation 
of  Tests 
Hours 

T 

Motion 
Per 
Cent 

me 

Standing 
Per 
Cent 

Distance 
Miles 

Mi.  per 
Hr 
while 
in 
Motion 

Trailing 
Load 
Tons 

Loco,  and 
Average 
Trailing 
Load 
Tons' 

Ton- 
Cars 

Miles 

Cars 
and 
Loco. 

No. 
of 
Stops 

Average 

1  •  •  .•••. 
of  Run 
Mile* 

Avg. 

Max. 

1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

U 

12 

13 

14 

Baltimore  &  Ohio  Chicago  Terminal  R.  R.  . 
Chicago  &  Eastern  Illinois  R.  R  

4 
2 
8 
5 
6 
4 
6 
18 
2 
6 

6.04 
1.56 
4.47 
4.61 
3.47 
3.34 
4.99 
13.93 
4.38 
7.05 

87.4 
87.0 
91.2 
82.1 
91.8 
90.1 
88.1 
89.0 
87.2 
85.7 

12.6 
13.0 
8.8 
17.9 
8.2 
9.9 
11.9 
11.0 
12.8 
14.3 

90.0 
37.0 
106.2 
81.6 
82.2 
63.2 
97.8 
266.4 
97.2 
148.4 

17.0 
27.2 
25.9 
21.4 
25.8 
20.9 
21.7 
21.4 
25.4 
24.5 

64 
93 
138 
124 
129 
136 
131 
91 
137 
126 

64 
93 
190 
360 
244 
171 
178 
118 
152 
219 

161 
185 
281 
223 
248 
229 
223 
159 
296 
238 

5,760 
3.442 
14.646 
10,156 
10,688 
8.598 
12,844 
34,388 
18,  :•••• 
18,703 

1  I.I!.. 

6346 
W.801 

18,217 
20,400 
14,451 
21,842 
42,560 
28,738 
35,272 

67           1.34 
23           1.61 
52           2.04 
102              .80 
52           1.58 
37           1.71 
92           1.08 
318             .84 
64           1.80 
87           1.71 

Chicago  &  North  Western  Ry  

Chicago!  Rock  Island  &  Pacific  Ry. 

Illinois  Central  R.  R  

Totals  

61 

63.84 

87.9 

12.1 

1,070.0 

22.  6- 

1,144 

360 

2.174 

122.361 

232.648 

884 

1   .'1 

*  Includes  weight  of  tender. 


TABLE  CLXXX.    SUMMARY  OF  RESULTS  OF  THROUGH  PASSENGER  LOCOMOTIVE  TESTS 


Railroad 

No. 
of 
Tests 

Dura- 
tion of 
Test* 
Hours 

Time 

Dis- 
tance 
Mile* 

Mi.  per 
HiT 
while 
in 
Motion 

Trai 
La 
To 

Avg. 

ling 
id 
n* 

Max. 

Loco,  and 

A-.  .  T  ,.-. 

I  raittni 

!.,„[ 
Tons* 

Ton-Mile* 

No. 
of 

Stop* 

Average 

Length 

Run 
Mi*. 

Motion 
Per 
Cent 

Stand- 
ing. Per 
Cent 

Can 

Can 
and 
Loco. 

1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

3  97 
2.16 

4.57 
4.68 

•   • 
2.45 
4.33 
5.34 

8 
12 
2 

8 
4 
10 
8 
6 

2.00 
7.36 
6.29 
.77 
5.22 
2.37 
7.63 
7.35 
6.22 

95.0 
85.2 
94.5 
96.8 
94.5 
89.7 
83.0 
83.7 
90.0 

5.0 
14.8 
6.6 
3.2 
5.5 
10.3 
17.0 
16.3 
10.0 

51.6 
151.0 
157.4 
27.4 
126.4 
62.8 
173.8 
186.4 
149.6 

26.9 
24.1 
26.3 
36.1 
25.5 
29.4 
27.3 
30.1 
26.6 

489 
381 
317 
611 
407 
273 
348 
440 

632 
618 
633 
,.|:, 
809 
408 
646 
817 
564 

677 
640 
494 
799 
676 
448 
537 
639 
649 

25.218 
57.598 
49.953 
16,728 
61,466 
17  ijy 
60.501 
81.946 
67.271 

:,  .,_.,, 

SI       Is', 

77.832 

8i  m 

73,1  11 

28,143 
91.563 
119.041 

-.'.::• 

IS 

70 
28 
• 
27 
17 
71 
43 
38 

Chicago   Milwaukee  4  St  Paul  Ry 

Illinois  Central  R   R.  "  

Pennsylvania  Line*  

Totals  

62 

46.21 

88.5 

11.6 

I.I  is,,     I 

:-  i 

385      817 

561       1417.810 

609.602 

303         3.68 

*  Include*  weight  of  tender. 
10 
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TABLE  CLXXXI.     SUMMARY    OF    RESULTS   OF   FREIGHT   AND    PASSENGER    TRANSFER   LOCOMOTIVE   TESTS 


Railroad 

No. 
of 
Te»t» 

Service 

Dura- 
tion of 
Test* 
Houn 

Time 

Dis- 

'  

tot  - 

Mi.  per 
Hr. 

while 
in 
Motion 

[•railing 

!,    ,.i 

Toni 

Loco,  and 

\  •    •    r,.U< 

Trailing 
Load 
Ton.* 

Ton  Mile* 

No. 
of 
Stop* 

Aver- 
age 
length 
of 
Run 
Feet 

Mo- 
tion 
Per 
Cent 

Stand- 
ing 
Per 
Cent 

Avg. 

Max. 

Can 

Can  and 
»   Loco. 

1 

2 

3              4 

5 

'• 

7 

8 

9 

10 

11 

12 

13 

14 

15 

6 
3 

4 
6 

1 
5 

4 
•4 
4 
5 

13 
3 

Freight 

Freight  A 
Passenger 
Kre  ght 

Freight  A 

r.  •  •>.••  • 

Freight 

12.39 
12.30 
7.18 

3.60 
11.07 

16,83 
8.17 
10.78 
10.95 

16.51 
29.38 

60.2 
68.3 
66.0 
71.6 

',7    - 
-.:.  •* 

58.3 
65.3 
73.2 
79.5 

85.7 
64.9 

39.8 
31.7 
34  0 
28.4 

32.2 
44.2 

41.7 
34.7 
26.8 
20.6 

34.3 
35.1 

i  ,  M 

n  i  : 

SI   H 

37.49 

18.79 
43.68 

n  u 

45.34 
63  71 

116.92 

94.73 

u:    M 

7.9 
9.3 
8.0 
7.3 

7.7 
7.1 

A.  9 
8.5 

,.      X 

13.4 
8.7 
A.  6 

722 
1,799 

2.2«0 
1.1NO 

l.lli. 
1,365 

i,wa 

2,048 
961 
568 

1,370 
2.700 
3.000 
3.000 

2,290 
2,580 

2.090 
2,110 
3,110 
3.500 

3,130 
1,900 

852 
1,962 
1,083 
1.550 

2.381 
1,379 

1,276 
1.538 
1,706 
2,229 

1.090 
717 

11,091 

142.300 
90,007 
82,376 

42,465 
.11,554 

75,353 
61,885 

ujgn 

239,420 

..,:..,   ,, 

70.070 

aijm 

1564?! 
103,295 
58,115 

44.739 
80451 

86.213 
69,735 

"i  
M  Ml 

103.263 

s-    ,,,. 

100 

214 

42 

U 

70 

287 
46 
61 
95 

184 
922 

2,273 

o  739 

l.i.  11 
4,71:1 

6,201 
UM 

1,242 
5,204 
1,081 
,  l4eg 

2,719 
706 

Baltimore  A  Ohio  Chicago  Terminal  It.  R.  . 

Chicago  &  Western  Indiana  II.   R.  and  the 
Belt  Ry.  of  Chicago  

Chicago  Milwaukee  A  St  Paul  Ry  

Indiana  Harbor  Belt  R.  R  

Pennsylvania  Lines  

TotaU  

58 

148.21 

65.7 

34.3 

789.03 

8.  It 

1.311 

1,472 

1.034,158 

1.161.41^ 

1.UH6J 

*  Includes  weight  of  tender. 


1 8.6  Mi.  per  Hr..  exclusive  of  Penniylvania  Line*. 


J  2.989  feet,  exclusive  of  Pennsylvania  Lines. 


in  feet  was  brought  down  to  1,986  by  a  single 
road  having  an  average  of  only  706  feet;  other- 
wise the  average  would  have  been  2,989  feet. 

Table  CLXXIX,  a  summary  of  suburban  pas- 
senger train  tests,  gives  the  record  of  61  periods 
of  observation  on  10  railroads.  The  percentage 
of  time  in  motion  varied  from  82.1  to  91.8,  with 
an  average  percentage  of  87.9.  The  average 
speed  while  in  motion  varied  from  17.0  to  27.2 
miles  an  hour  on  average  lengths  of  run  of  from 
0.80  to  2.04  miles,  total  average  1.21  miles. 
Average  trailing  loads  varied  from  a  minimum 
of  64  tons  to  a  maximum  of  138  tons.  The 
maximum  trailing  load  noted  was  360  tons,  and 
this  occurred  on  the  road  having  the  shortest 
average  length  of  run. 

Table  CLXXX,  a  summary  of  the  results  of 
observations  on  through  passenger  trains,  covers 
62  tests  on  9  railroads.  The  percentage  of  the 
entire  observation  period  during  which  the  trains 
were  in  motion  varied  from  83.0  to  96.8  and  the 
average  speed  while  in  motion  varied  from  24.1  to 


36.1  miles  per  hour.  The  average  lengths  of  run 
varied  from  2.16  miles  to  5.62  miles,  and  the  aver- 
age trailing  loads  from  a  minimum  of  273  tons  to 
a  maximum  of  611  tons.  The  maximum  trailing 
load  noted  during  the  tests  in  this  service  was 
817  tons. 

202.10  Average  Traffic  Data  from  Tests  and 
Reports:  From  the  reports  submitted  by  the 
railroads  on  Forms  i  to  5  covering  the  train 
movements  and  locomotive  coal  consumption  for 
the  five  observation  periods  of  seven  24-hour  days 
each,  or  35  days,  the  data  presented  in  table 
CLXXXII  have  been  derived. 

The  results  obtained  from  a  combination  of  the 
report  and  the  test  records  are  shown  by  table 
CLXXXIII. 

The  schedule  speed  and  average  speed  while  in 
motion  in  yard  switching  service  and  freight 
transfer  service  are  shown  in  table  CLXXXIII 
and  in  tables  CLXXVII  and  CLXXIX.  For 
yard  switching  the  results  show  that  the  average 
schedule  speed  is  3.24  miles  per  hour  and  the 


TABLE   CLXXXII.     SUMMARY   OF   TRAIN    MOVEMENTS  AND   COAL  CONSUMED    BY    STEAM    LOCOMOTIVES    IN    SERVICE 

WITHIN  AREA  OF  INVESTIGATION  • 
(Basis  of  1913) 


Item 

Yard 

Service 

Hoed 
Freight 
Service 

Freight 
Transfer 
Service 

Passenger 

Transfer 
Service 

Passenger 
Sen-ice 

1 

2 

-! 

4 

5 

0 

8828 

044 

1.77* 

188 

1,263 

Locomotive-hours  of  service  for  the  year  

3.231,047 

HI  7"i 

080,748 

50.508 

162,258 

:>  i1."! 

6026 

10,127 

1,007 

28,788 

Locomotive-miles  for  the  year  

10,469,064 

2,205,516 

3,706,482 

IMKUU1 

8,699,454 

12  173  741 

6  927  807 

10,380,800 

462,731 

8,638,068 

Ton-miles  for  the  year  

426  280  950 

242,473,242 

808.S384XM 

16,195,600 

302,332,384 

3635 

665 

1,261 

59 

1.11,7 

foal  «!on«»«mp^  f™~  th«  yeftf,  U>n«  

1,330410 

"i  ;  HO 

461,526 

21,594 

427,122 

Coal  consumed  per  locomotive-hour  of  service,  pounds  

824 

2  065 

1,418 

ue 

1,848 

254 

221 

249 

111 

98 

Coal  consumed  per  1,000  ton-miles,  pounds  

597 

192 

243 

256 

270 

*  Based  on  35  observation  days. 
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TABLE  CLXXXIII. 


SUMMARY  OP  RESULTS  RELATING  TO  OPERATION  AND  TRAFFIC  WITHIN  AREA  OP  INVESTIGATION 

(BuU  of 


Average  of 

Yard 

Service 

i.1;.'  ;;'- 
-.,.„. 

Freight 

1  r  ||    :•  r 

•HTM 

r  ,    .  im  < 

1  r  .'     1-  • 

Service 

Thrr.u*h 

!•     mt 

Service 

Miilnirhan 
f'luwnfrr 
8errim 

1 

2 

3 

4 

5 

0 

7 

Weight    of    locomotive   including   tender   nml    two-thirdi   capacity    of    coal    and 
water,  tons  

110 

102 

134 

118* 

174* 

103* 

Trailing  load,  tons    

:..,,- 

fg 

811 

:t  :  .- 

380 

187 

5.4* 

14.9* 

8.1* 

7.1ft* 

27.1* 

B  ..- 

Schedule  speed,  mi.  per  hr  

::  1M- 

0.37 

S.M 

4.82* 

19.  S7 

19.00 

Ml     I' 

7->    f 

ea  '• 

(.7    '•• 

88.  S* 

-.7  •,- 

Length  of  run,  miles  

0.119* 

J   sn- 

.376* 

.22* 

:    |0I 

1.21* 

Weight  of  car  and  contents  including  empties,  ton*  

34.3. 

:n  _' 

82.8* 

27.8* 

*  Information  from  tests. 

average  speed  while  in  motion  is  5.4  miles  per 
hour.  For  freight  transfer  service  the  reports  of 
the  railroads  show  the  average  schedule  speed  to 
be  5.66  miles  per  hour,  and  in  the  tests  the 
average  speed  while  in  motion  was  found  to  be 
8.1  miles  per  hour.  The  average  schedule  speed 
for  yard  switching  and  freight  transfer  services 
combined,  allowing  for  the  relative  volume  of 
traffic  in  each  service,  is  3.65  miles  per  hour. 
It  will  be  noted  from  these  figures  that  the 


values  established  by  the  Interstate  Commerce 
Commission  for  yard  switching,  namely,  a  speed 
of  6  miles  per  hour  of  service,  is  much  higher 
than  that  which  obtains  on  the  Chicago  termi- 
nals in  the  service  defined  by  the  Committee  as 
yard  service,  and  higher  also  than  the  speed  of 
the  combined  yard  and  freight  transfer  services 
as  defined  by  the  Committee,  which  combined 
services  coincide  with  the  yard  or  switching 
service  as  usually  understood. 


203.    GROWTH  OF  THE  CHICAGO  RAILROAD  TERMINALS 


SYNOPSIS:  This  chapter  presents  the  results  of  a  study  of  the  growth  of  railroad  trackage 
and  railroad  traffic  in  Chicago  based  upon  statistics  covering  the  ten-year  period  from  ipoj  to 
IQI2,  inclusive.  The  facts  set -forth  by  these  statistics  have  been  made  the  basis  of  an  estimate 
of  the  growth  which  may  be  expected  to  take  place  during  the  ten-year  period  subsequent  to  1912. 


203.01  Growth  of  the  Chicago  Terminals,  a 
Factor  in  the  Studies  of  the  Committee:  The 

steam  railroads  of  Chicago  as  they  existed  in  the 
year  1912  have  been  described  and  their  activities 
discussed  in  the  preceding  chapters,  201  and  202. 
The  statistical  facts  secured  by  the  Committee 
during  that  year  constitute  a  voluminous  record 
which  could  not  be  completely  summarized  until 
the  advent  of  a  new  year.  However,  the  year 
1912  has  necessarily  continued  to  be  the  Com- 
mittee's statistical  year,  and  the  facts  determined 
with  reference  to  that  year  constitute  the  basis 
of  all  the  primary  computations  to  which  must 
be  applied  the  estimated  increase  in  the  value  of 
such  factors  as  will  be  affected  by  the  city's 
future  growth  prior  to  electrification. 

The  extent  and  character  of  the  railroad  ter- 
minals of  Chicago  have  in  the  past  been  subject 
to  constant  changes  to  meet  the  requirements  of 
a  community  subject  to  a  remarkable  rate  of 
growth  in  population  and  in  commercial  and 
manufacturing  activities.  These  changes  have 
been  manifested  by  a  steadily  increasing  mileage 
of  track,  and  by  an  increase  in  the  number  of 
passengers  carried  and  in  the  tonnage  of  freight 
handled. 

In  determining  the  cost  of  the  electrification  of 
Chicago's  railroad  terminals,  all  initial  estimates 
have  been  based  upon  the  extent  and  activities 
of  the  railroads  as  they  existed  in  the  year  1912. 
The  costs  thus  determined,  however,  can  not  be 
assumed  to  offer  an  accurate  indication  of  the 
extent  of  the  investment  which  will  be  required  at 
the  actual  time  the  work  is  undertaken.  With 
the  mileage  of  track  and  the  traffic  density  increas- 
ing each  year,  the  actual  cost  of  electrifying  the 
Chicago  terminals  will  depend  upon  conditions 
existing  at  the  time  of  the  completion  of  the 
program  of  electrification.  To  meet  this  situation 


it  was  necessary  to  fix  a  definite  date  upon  which 
the  work  would  presumably  begin  and  a  definite 
date  upon  which  it  would  end.'  These  assump- 
tions possess  no  significance  aside  from  the  fact 
that  they  make  definite  a  factor  in  the  cost  of  elec- 
trification which  otherwise  would  be  indetermin- 
ate. The  assumed  program  of  construction  fixes 
the  beginning  of  the  work  in  the  year  1916  and 
its  completion  in  the  year  1922  (section  212.04). 
It  is  therefore  the  chief  purpose  of  that  portion 
of  the  Committee's  investigation  which  is  here  re- 
ported, to  formulate  a  prediction  as  to  the  nature 
and  extent  of  the  activities  of  the  railroads  of 
Chicago  at  the  beginning  of  the  year  1922.  The 
only  dependable  basis  for  such  a  prediction  exists 
in  the  record  of  past  years.  The  process  involves 
the  determination  of  the  rate  of  growth  during 
the  ten-year  period  prior  to  1912  and  the  ap- 
plication of  that  rate  to  the  subsequent  ten-year 
period.  It  is  recognized  that  any  prediction  with 
reference  to  the  future  growth  of  the  Chicago 
terminals,  based  upon  their  actual  development 
in  the  past,  may  not  be  entirely  satisfactory. 
While  it  is  practicable  to  summarize  values  for  a 
period  covered  by  observed  or  experimental  data, 
it  may  be  somewhat  hazardous  to  apply  a  rate 
of  increase  to  periods  beyond  that  to  which  the 
known  facts  apply.  It  is,  of  course,  impossible 
to  determine  whether  the  influences  which  have 
controlled  the  rate  of  growth  of  the  Chicago  rail- 
road terminals  prior  to  1912  will  continue  una- 
bated during  the  subsequent  ten  years.  Even 
in  the  absence  of  such  knowledge,  however,  the 
process  described  is  justified,  on  the  basis  of  expe- 
diency, as  being  the  only  logical  method  which 
could  be  employed  for  the  purpose  of  securing 
an  estimate  of  the  cost  of  electrification  at  a 
definite  date  in  the  future. 

With  this  understanding  of  the  limitations  which 
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necessarily  apply  to  the  factors  for  use  in  extending 
the  estimates  of  the  cost  of  electrifying  the  steam 
railroad  terminals  of  Chicago  as  based  upon  con- 
ditions in  1912,  it  is  proposed  to  give  careful 
consideration  to  the  important  factors  of  mileage 
and  service  requirements  by  which  the  extent 
of  the  railroad  facilities  and  activities  may  be 
measured,  and  to  study  the  rate  of  growth  which 
characterized  them  prior  to  1912.  The  several 
factors  involved  are: 

1.  Track  mileage. 

2.  Passenger  traffic: 

a.  Through  trains. 

b.  Suburban  trains. 

c.  Through  passengers. 

d.  Suburban  passengers. 

3.  Freight  traffic: 

a.  Tonnage  handled  through  freight  houses. 

b.  Number    of    freight   cars    received   and 
forwarded. 

203.02  Mileage  of  Track:  The  mileage  of 
track  for  each  railroad  within  the  Area  of  Inves- 
tigation for  the  year  1889,  and  for  each  of  the 
years  embraced  by  the  period  from  1903  to  1912, 
inclusive,  is  presented  in  tables  CLXXXIV  to 
CCIII,  inclusive. 

The  classification  of  tracks  employed  in  these 
tables,  "First  Main  Track,"  "Second  Main 
Track"  and  "Sidings,"  is  identical  with  that  of 
the  tax  records  of  Cook  County,  111.,  and  Lake 
County,  Ind.,  from  which  the  tables  were  com- 
piled. Third  and  other  main  tracks,  and  other 
running  tracks  which  are  recognized  in  the 
classification  of  certain  railroads,  are  included 
in  the  tables  as  second  main  track  and  sidings. 
Yard  tracks  and  industrial  tracks  owned  "by  rail- 
roads are  classified  in  the  tables  as  sidings. 
However,  each  operating  railroad  employs  its 
own  system  of  classification,  and  it  is  probable 
that  the  division  of  trackage  into  main  tracks 
and  sidings  is  not  entirely  consistent.  In  view 
of  this  limitation,  only  the  total  trackage  is  con- 
sidered in  this  study  of  growth. 

A  summary  of  the  foregoing  tables,  giving 
the  total  mileage  of  track  of  all  steam  railroads 
within  the  Area  of  Investigation  for  the  year 
1889  and  for  each  of  the  years  embraced  by  the 
period  from  1903  to  1912  inclusive,  is  presented 
in  table  CCIV. 

In  compiling  tables  CLXXXIV  to  CCIII, 
adjustments  were  made  to  secure  the  proper 


distribution  of  trackage  in  Zone  A  and  Zone  B, 
and  also  to  eliminate  all  trackage  lying  outside  of 
the  Area  of  Investigation.  Zone  B,  as  used  in 
the  tables  for  the  year  1889,  refers  to  the  ter- 
ritory lying  between  the  boundary  line  of  the  Area 
of  Investigation  and  the  city  limits  of  Chicago  as 
existing  on  May  i  of  that  year.  For  all  other 
years  the  two  zones  were  the  same  as  at  the  end 
of  the  Committee's  statistical  year,  1912.  The 
railroad  mileage  in  Morgan  Park  is  included  in 
Zone  B.  The  total  mileage  of  tracks  herein  pre- 
sented for  1912  does  not  agree- with  that  appear- 
ing in  the  statement  of  classified  railroad  mileage 
given  in  chapter  201.  The  difference  in  the  two 
statements  is  due  to  the  fact  that  the  classified 
mileage  covered  by  the  statement  presented  in 
chapter  201  includes  tracks  owned  by  industries, 
while  the  tax  records  include  only  the  mileage  of 
track  owned  by  railroads.  The  mileage  for  1912 
covered  by  the  tax  records  bears  a  certain  ratio 
to  the  actual  track  mileage  as  determined  by  the 
Committee  for  the  same  year.  It  is  reasonable 
to  assume  that  this  ratio  will  obtain  for  other 
years  as  well  as  for  1912,  and  also  that  no  great 
error  will  be  introduced  by  assuming  that  the 
rate  of  growth  in  the  actual  mileage  will  be  the 
same  as  that  disclosed  by  the  tax  records. 

The  increase  in  the  mileage  of  main  tracks 
and  sidings  for  the  periods  1889  to  1903,  1903  to 
1912  and  1889  to  1912,  is  presented  by  zones  in 
table  CCV. 

During  the  period  from  1889  to  1903,  the  large 
increase  of  mileage  in  Zone  A  was  attended  with 
a  decrease  of  mileage  in  Zone  B  in  Illinois  and 
with  only  a  very  slight  increase  in  Zone  B  in 
Indiana  and  Illinois.  This  was  the  result  of  an 
increase  in  the  area  of  Zone  A  and  a  corresponding 
decrease  in  the  area  of  Zone  B  in  Illinois,  due  to 
an  extension  of  the  city  limits.  On  account  of 
this  change  in  the  area  of  the  two  zones,  the 
figures  for  the  period  1889  to  1903  and  for  the 
period  1889  to  1912  are  only  of  secondary  interest. 

An  analysis  of  the  tabulated  facts  presented  in 
tables  CLXXXIV  to  CCV,  inclusive,  shows  that 
track  mileage  within  the  Area  of  Investigation 
increased  38.5  per  cent  from  1903  to  1912.  In 
Zone  B  the  increase  was  67.9  per  cent  and  in 
Zone  A  24.05  per  cent. 

203.03  Density  of  Trackage:  In  determining 
the  increase  in  the  density  of  trackage  (miles  of 
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TABLE  CLXXXIV.     TRACK  MILEAGE  OF  STEAM  RAILROADS  (FIRST  MAIN  TRACK)  IN  ZONE  A  (THE  CITY  OF  CHICAGO) 


Railroad 

K»t                                                                 K                    Mil.-* 

1889ft 

1903 

1904 

1905 

1906 

1907 

1908 

1909 

1910 

HIM 

I'.-U 

1 

a 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

Atchison,  Topeka  A  Santa  Fe  Ry  *   

1.74 

7.37 
8.09 
17.89 

7.37 
8.09 
17.70 

7.37 
8.09 
17.77 

7.37 
8.09 
17.77 

7  :•;: 
8.09 
17.77 

7.37 
8.09 

17.77 

7.37 
8.09 
17.77 

7.40 
8.09 

17.77 

7.40 
8.09 
17.77 

6.01 

17.72 
1.21 

8.79 

Chicago  A  Alton  R.  R  

6.06 

7.12 

7.12 

7.12 

7.12 

7.12 

7.12 

7.12 

7.ii 

1.68 

7.12 
1.68 

7.12 
1.68 

Chicago  &  Calumet  River  R   R 

Chicago  A  Erie  R   R                                                       .... 

Chicago  A  Illinois  Western  R.  R  

0.03 
35.26 
44.25 
5  47 

0.03 
35.44 
44.25 
5.65 

0.03 
35.44 
44.25 
5.65 

2.16 
35.44 
44  25 
6.65 

2.16 
35.44 
44.25 
5.65 

2.16 
35.56 
44.25 
5.65 

2.16 

n  U 

6.65 

Chicago  A  North  Western  Ry 

12  73 
7.68 
5.47 

34.04 
44.25 
5.47 

35.26 
44.25 
5.47 

35.26 
44.25 
5.47 

Chicago  &  Western  Indiana  R.  R.  and  the  Belt  Ry.  of  Chii-ago. 

11.91 
28.85 

11.91 
28.85 

11.91 
28.85 

11.91 
28.85 

ii'.9i 

28.85 

11.91 
28.85 

11.67 
28.87 

11.57 
28.87 

11.65 
28.87 

11.31 
.-  S7 
2.24 
18.41 
0.91 
3.44 
1.17 
2.73 

4.11 
5.28 
7.61 

Chicago.  Milwaukee  A  St.  Paul  Ry              .  .          

7  77 

Chicago,  Rock  Island  A  Pacific  Ry     .      ...              

3.66 

18.42      18.42 

18.42 

18  42 

18.42 

18  42 
0.91 
3  44 

18.42 
0.91 
3.44 
1.17 
1.76 
8.52 
29.64 
4.11 
5.34 
7.61 

18.42 
0.91 
3.44 
1.17 
1.71 
8.62 

n  ..; 

4    11 
5.34 
7.61 

18.42 
0.91 
3.44 
1.17 
1.71 
8.62 
29.64 
4.11 
6.34 
7.61 

3  44 

3.44 

3.44 

8.44 

3.44 

Chicago,  West  Pullman  &  Southern  R.  R  

1.76 
8.52 
30.39 

1.76 
8.52 

19.79 
6.22 
7.61 

1.76 
8.52 


12.25 
5.22 
7.61 

1.76 
8.52 
30  05 
12.25 
5.22 
7.61 

1.76 
8.52 
29.64 
12.15 
6.22 
7.61 

1.76 
8.52 
29.64 
4  51 
5.34 
7.61 

Grand  Trunk  Western  Ry  

Illinois  Central  R    R  t 

5.M 

Indiana  Harbor  Belt  R.  R 

5  22 
7.61 

Michigan  Central  R.  R  

3.79 

3  79 

3.79 

3.79 

3  79 

3  97 

4  38 

3.71 

3.71 

3  77 

Minneapolis,  St  Paul  A  Sault  Ste   Marie  Ry 

New  York,  Chicago  A  St.  Louis  R.  R  1             

8.69 

8.89 

8.89 

8.68 

8  '.69 

8  69 

8.68 

7.99 

7.99 

7.99 

Pere  Marquette  R.  R  

7.18 
3.30 

19.92 
27.26 

19.92 
27.26 

19.92 
27.26 

1992      19.92 

27  26 

19.89 
27.28 

19.91 
27.30 

19.94 
27.30 

19.96 
27.30 
2.71 
4.B2 

19.96 
27.70 
2.71 

1  92 

Pittsburgh,  Fort  Wayne  A  Chicago  Ry  *  * 

Pullman  Railroad.  .  .".  ."  .  . 

Wabash  Railroad  

4.92 

4  92 

4.92 

4.921 

4.92 

4.92 

Totals 

.•  i  " 

:f!7  '.14 

:i!7  -7    317.82 

311  38!  314  40 

HT: 

-:i7  i.i. 

oo  -•• 

TABLE  CLXXXV.     TRACK  MILEAGE  OF  STEAM  RAILROADS  (SECOND  MAIN  TRACK)  IN  ZONE  A  (THE  CITY  OF  CHICAGO) 


Railroad 

Second   Main  track  —  Mile* 

1903 

1904 

1906 

1906 

1U07 

1908 

1909 

1910 

1911 

1911 

1 

2 

f 

4 

6 

7 

1 

9 

10 

II 

!-• 

Atchison,  Topeka  A  Santa  Fe  Ry.*.  . 

5  75 
8  06 
16.19 

5  75 
806 
16.19 

6.76 
805 
16  19 

805 
16.19 

8.91 
8.06 
16.19 

'.  '.] 
8.06 
17.71 

6.91 

s  n:, 
17  72 

5.94 
8.05 

17.72 

6.94 
8  05 
17.72 

1  M 

17.70 

Baltimore  A  Ohio  R.  R  

Baltimore  A  Ohio  Chicago  Terminal  R.  R  

7  44 

Calumet.  Hammond  A  Southeastern  R.  R  

Chesapeake  A  Ohio  Ry.  of  Indiana  

Chicago  A  Alton  R.  R  

5  59 

7.12 

7.12 

7  12 

7  12 

7.12 

7  lit 

7.12 

Chicago  A  Calumet  River  R.  R  

Chicago  A  Eastern  Illinois  R.  R  

Chicago  &  Erie  R.  R  

Chicago  A  Illinois  Western  R.  R  

Chicago  A  North  Western  Ry  

11.97 
3  19 
6  47 

33  30 
-    0 
6.47 

34.51 
38.30 
5.47 

34  51 
38.30 
5  47 

34.51 

)    o 
5  47 

34.68 
6.66 

34  68 

H  .. 

5.65 

34.68 
H   fl 
5.65 

34.68 

•  n 

6.65 

34  60 
38  30 
5.65 

62  78 
16  10 

Chicago  A  Western  Indiana  R.  R.  and  the  Belt  Ry.  of  Chicago.  . 
Chicago,  Burlington  A  Quincy  R.  R.f.  .  .  . 

Chicago  Great  Western  R.  R  

Chicago,  Indiana  A  Southern  R.  R  

Chicago,  Indianapolis  A  Louisville  Ry  

Chicago  Junction  Ry  

11.20 
25.89 

11.20 
25.89 

11.20 
25.89 

11  20 
25  89 

11  20 
25.89 

11  20 
25.89 

9  69 
25.91 

10.86 
25.91 

10.86 
26.91 

10.86 
U  'M 
0.81 

17.71 

Chicago,  Milwaukee  A  St.  Paul  Ry  

7.21 

Chicago  River  A  Indiana  R.  R  

Chicago,  Rock  Island  A  Paci6c  Ry.  .  . 

3.66 

17.71 

17.71 

17.71 

17.71 

17.71 

17  71 

17.71 

17.71 

17.71 

Chicago  Short  Line  Ry  

Chicago  Union  Transfer  Ry  

0.19 

0.19 

0.19 

0.19 

0.19 

0  19 

0.19 

0.19 

0.19 

0.19 

Chicago,  West  Pullman  A  Southern  R.  R  

Elgin,  Joliet  A  Eastern  Ry  

1.76 
8.62 
26.97 

1.76 
8  52 
27.01 

1.76 
8.62 
27  01 

i  76 
8.52 
27.01 

1.76 
8.52 
27.01 

1.76 
8.62 
27.01 

1.76 
8.52 
27.01 

1.71 
8.62 

27.01 

1.71 
8.62 
27.01 

2.70 
8  52 
27  22 

Grand  Trunk  Western  Ry  

Illinois  Central  R.  R.{  

4.64 

Illinois  Northern  Ry.*  

Indiana  Harbor  Belt  R.  R.  . 

5.03 
7.61 

5  03 
7.61 

5  03 
7.61 

5  03 
7.61 

6.03 
7.61 

5.34 
7.61 

5.34 
7.61 

5.34 
7.61 

5.34 
7.61 

5.28 
7.61 

Lake  Shore  A  Michigan  Southern  Ry.  .  . 

Manufacturers'  Junction  Ry  

Michigan  Central  R.  R  

1.41 

3.78 

3.76 

3.78 

3.78 

3.78 

3.96 

4.35 

3.71 

3.71 

3.78 

Minneapolis,  St.  Paul  A  Sault  Ste.  Marie  Ry.  .  . 

New  York,  Chicago  A  St.  Louis  R.R.l  .  . 

8.65 

8.65 

803 

8.03 

7.99 

Pittsburgh,  Cincinnati,  Chicago  A  St.  Louis  Ry.j 

7.  is 

2.94 

17.57 
16.99 

17.57 
16.99 

17.57 
16.99 

i7.57 
16.99 

17.57 
16.99 

17  57 
16.99 

17.58 
16.96 

17.61 
16.97 

17.62 
16.97 
1.24 

17.62 
16.97 
1.26 

Pittsburgh,  Fort  Wayne  A  Chicago  Ry.**  

Pullman  Railroad  
Wabash  Railroad  

Totals  

(in  7n 

251.50 

_•/.>.  ii, 

m  7i 

264.09 

274  .74 

273.641  273.56 

274  73 

315  33 

*  Decrease  or  increase  due  to  change  in  classification. 

t  Increase  due  to  St.  Charles  Air  Line. 

t  Includes  charter  line  which  pays  no  taxes  to  Cook  County. 

U  Decrease  due  to  change  in  alignment. 


t  Includes  Englewood  Connecting  Ry. 

**  Includes  all  Pennsylvania  R.  R.  branches  except  Englewood  Connecting  Ry. 
tt  Figures  for  1889  include  only  the  territory  within  the  Chicago  City  Limits  May  I, 
1889.     Morgan  Park  is  not  included  in  Zone  A. 


GROWTH  OF  THE  CHICAGO  RAILROAD  TERMINALS 


TABLE  CLXXXVI.     TRACK  MILEAGE  OP  STEAM  RAILROADS  (SIDINGS)  IN  ZONE  A  (THE  C'lTY  OP  (Hi 


Railnwd 

• 

lings  — 
1907 

Kiln 

1889  ft 

1903 

1904 

1905 

1906 

1909 

1910 

Km 

1912 

1 

3 

8 

9 

10 

11 

12 

10.69 
2.37 
II    | 

43.64 

24.96 
47.18 

M  i,i 
34.96 
47.61 

38  79 
24.98 
49.35 

40.80 
24.96 
50.39 

43.82 
50.76 

43.17 

i  .  M 

50  48 

K    :i 
25  73 

47.18 
20.22 
49  82 

'..:   ji 

50  57 
7  14 

•      •: 
593 

ll»lliiiiiin<  .V  I  'hii>  It.  It  

Calumet,  Hammond  &  Southi-iiMtern  K.  H  

Chesapeake  A  Ohio  Hy.  of  Indiana  .... 

Chicago  &  Alton  R.  R  

U1.3!) 

37.83 

31.83 

31.83 

32.60 

32.60 

32.63 

32.94 

33.03 
1.29 
6.90 

34.22 
1  29 
6  91 

36.52 
1.29 
892 

Chicago  A  Calumet  Kiver  R.  H  

0.82 

12.27 

6.76 

6.78 

6.92 

6  95 

6.90 

6.90 

Chicago  A  Krii-  l{.  I{  

Chicago  A  Illinois  Western  R.  R  

ChiciiKO  A  North  Western  Ky.    .                .                 . 

108.51 

23.59 
66.87 

172.19 

115.74 
76.40 
5.89 

174.32 

135.30 
78.38 
15.91 

212.51 

135.30 
84  00 
15.93 

219.27 

144.00 
84.00 
16.07 

226  64 

166  0« 
80.17 
16  07 

225.14 

166  07 

-1   '.7 
20.05 

228.32 

167.07 
M  81 

20.05 

231.42 

168.06 
102.85 
11.05 

327.58 

182.59 
90.18 
11.48 

255.23 
1M  H 

-1     ,7 

11.80 

Chicago  A  Western  Indiana  R.  K.  and   tin?    Hrlt  Ry.  of 
Chicago  

Chicago,  Burlington  A  Quincy  R.  R.t  

Chicago  Great  Western  R.  K  

Chicago,  Indiana  A  Southern  R.  R  

Chicago,  Indianapolis  A  Louisville  Ry  

Chicago  Junction  Ry  

111.43 
117.59 

119.17 
117.43 

123.73 
118.95 

132.24 
123.69 

133.57 
125.74 

135.98 
126.74 

11  2-.  06 
128.0.1 

116.42 
144  .82 

120.12 
145  85 

125  69 

:;•    M 
1  07 

3.21 
3.09 
0.89 
15.30 

161 

5  75 
3.83 

7.     -7 
0.83 
47.81 

Chicago,  Milwaukee  A  St.  Paul  Ry  

54.91 

Chicago  River  A  Indiana  R.  R  

Chicago,  Rock  Island  A  Pacific  Ry  

15.32 

75.17 

75.17 

76.04 

76.04 

76.99 

76.99 
3.21 

•z  m 

0.99 
15.73 
24  94 
237.03 

77.04 
3.21 
2.62 
0.89 
15  73 
1'.-,  in; 
239.17 
2  32 
1.74 
74.62 
0  92 
45.61 

78.59 
3.21 
2.62 
0.89 
15.37 
2509 
240.15 
5.75 
1.88 
75.29 
0.92 
46.70 

79.70 
3.21 
2.94 
0  89 
15.37 
25  34 
251.34 
5.75 
2  07 
75.48 
0.63 
46.70 

Chicago  Short  Line  Ry  

<  'liiniKo  Union  Transfer  Ry  

2.62 
1.54 
14  94 
26.25 
195.31 

2.62 
1.64 
13.59 
26.25 
225.03 

2  62 
1.54 
14.84 
28.25 
226.56 

2.62 
1.54 
14.84 
26.25 
229.33 

2.62 
1.54 
15.73 
26.25 
233.02 

Chicago.  West  Pullman  A  Southern  R.  R  

Grand  Trunk  Western  Ry  

Illinois  Central  R.  R.J  

59.42 

Illinois  Northern  Ry.*  

Indiana  Harbor  Belt  R.  R  

1.74 
75.13 
1.04 
43.05 

Luke  Shore  A  Michigan  Southern  Ry  

12.19 

70.34 

72.42 

73.03 

72.98 

73.85 
1  .16 
42.60 

Manufacturers'  Junction  Ry  

Michigan  Central  R.  R  

42.36 

42.53 

42.60 

42.60 

Minneapolis,  St.  Paul  A  Sault  Stc.  Marie  Ry  

New  York,  Chicago  A  St.  Louis  R.  R.t  

0.30 

24.71 

26.78 

28.23 

29.13 

29.55 

26.98 

26.94 

25.99 

25.99 

26.35 

Pere  Marquette  R.  R  

Pittsburgh,  Cincinnati,  Chicago  A  St.  Louis  Ry.§.  .  .  . 

22.73 
14.92 

61.46 
79.15 

64.81 
84.32 

67.15 
81.12 

69.92 
94.82 

74.23 
89.96 

80.  3i 
89.39 

79.92 
90.71 

81.12 
96.10 

81.10 
97.57 
2.58 

80.63 

2.58 
28  67 

Pittsburgh,  Fort  Wayne  A  Chicago  Ry  ** 

Pullman  Railroad  

Wubash  Railroad  

19.90 

a  -,-; 

23.02 

28.68 

28.68 

28.68 

28.68 

28.67 

Totals  

426.41 

,::77  Hi 

.117  'M 

1,505.13 

£61   l~. 

.not   -•:: 

1,625.63 

i.t.;  

i  667  4i 

i  Ml  M 

L7M.7J 

TABLE  CLXXXVII.     TRACK  MILEAGE  OF  STEAM  RAILROADS  (MAIN  TRACK  AND  SIDINGS)  IN  ZONE  A  (THE  CITY  OF  CHICAGO) 


Railroad 

1889  ft 

1903 

1904 

Ma 
1905 

n   Track 
19O6 

and    Si 
1907 

dings  — 
1908 

Miles 
1909 

1910 

1911 

1912 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Atchison,  Topeka  A  Santa  Fe  Ry  .*  

12.43 
2.37 
28.81 

65.76 
41.10 
81.24 

51.73 
41.10 
81.60 

51.91 
41.10 
83.31 

53.78 
41.10 
84.35 

67.10 
41.81 
84.72 

56.46 
41.81 
85.96 

69.64 
41.87 
86.14 

60.53 
42.36 
85.31 

65.54 

42  36 
86.06 
7.14 

88.47 
42  36 
86.02 
7.14 

Baltimore  A  Ohio  R.  R.              ... 

Calumet,  Hammond  &  Southeastern  R.  R  

Chesapeake  A  Ohio  Ry.  of  Indiana  

Chicago  A  Alton  R.  R.    . 

33.04 

44.95 

38.95 

38.95 

46.84 

46.84 

46.87 

47.18 

4727      48.48 
2  97         2.97 
0.90         6.91 

50.76 
2.97 
6.92 

Chicago  A  Calumet  River  R.  R  

0.82 

12.27 

6.76 

6.78 

6.92 

6.95 

6.90 

6.90 

Chicago  A  Erie  R.  R  

Chicago  A  Illinois  Western  R.  R  

0  03 
289.04 

226.61 
94.94 
16.07 

0.03 
296.76 

248.61 
91.47 
16.07 

0.03 
295.26 

248.62 
96.27 
20.05 

2  16 
298.44 

249  62 

VI  '•. 
20.05 

2.16 
301.64 

260.61 
114.15 
11.05 

2.16 
397.74 

265  14 
101.48 
11.48 

2  16 
353.57 

280.75 
106.12 
11.60 

Chicago  A  North  Western  Ry.  ... 

133.21 

34.46 
77.61 

239.63 

198.20 
87.34 
5.89 

244.09 

217.85 
89.32 
15.91 

282.28 

217.85 
94.94 
15.93 

Chicago  A  Western  Indiana  R.  R.  and    the   Belt  Ry.  of 

Chicago,  Burlington  A  Quincy  R.  R.t  

Chicago  Great  Western  R.  R. 

Chicago,  Indiana  A  Southern  R.  R  

Chicago,  Indianapolis  A  Louisville  Ry  

134.54 
172.33 

142.28 
172.17 

146.84 
173.69 

155.35 
178  .43 

156.681    159.09 
180.48!    181.48 

133.32 
182.81 

199^60 

142  63 
200  63 

147.86 
-'    . 
4.12 
115.75 
4.12 
6.72 
2.06 
-     - 
46.11 
-    i 

14  3D 

11    - 
' 
55.16 

Chicago,  Milwaukee  A  St.  Paul  Ry  
Chicago  River  A  Indiana  R.  R  

69.89 

22.64 

111.30 

111.30 

112.17 

112.17 

113.12 

113.12 
4.12 
6.25 
0.99 
19.25 
41.98 

_•.  .   .,s 

4.51 
12.42 
90.35 
1.04 
50.98 

113.17 
4.12 
6.25 
2  06 
19.25 
42.10 

643 
12.42 

0  92 
54.34 

114.72 
4.12 
6.25 
2.06 
18.79 
43.13 
_•••    - 
9.88 
12.56 
90.51 
0  92 
54.12 

115.83 
4.12 
6.57 
2.061 
18.79 
42.38 

m  •  • 

9  86 
12.75 
90.70 
0.63 
54.12 

Chicago  Short  Line  Ry  

6.25 
1.54 
18.46 
43  29 
252.67 

6.26 
1.54 
17.11 
43.29 
282.09 
19.79 
10.25 
87.64 

6.25 
1.54 
18.36 
43.29 
283.02 
12.25 
10.25 
88.25 

6.25 
1.54 
18.36 
43.29 
286.39 
12.25 
10.25 

6.25 
1.54 
19.25 
43.29 

M  a 

13.15 
10.25 
89.07 
1.16 
50.17 

Chicago,  West  Pullman  A  Southern  R.  R  

Elgin,  Joliet  A  Eastern  Ry  

Grand  Trunk  Western  Ry  

Illinois  Central  R  R  t 

69.12 

Indiana  Harbor  Belt  R   R 

10.25 
85.56 

12.19 

Michigan  Central  R.  R  

1.41 

49.93 

50.07 

60.17 

50.17 

Minneapolis,  St.  Paul  A  Sault  Ste.  Marie  Ry  

New  York,  Chicago  A  St.  Louis  R.  R  H    

0.30 

33.40 

35.47 

36.92 

37.82 

38.24 

44.32 

44.27 

42.01 

42.01 

43.33 

Pere  Marquette  R.  R  

37.09 
21.16 

98.95 
123.40 

102.30 
128.57 

104.64 
125.37 

107  41 

139.07 

111.72 
134.21 

117.77 
133.66 

U7.41 
134.97 

118.67 
140  37 

11868    118.21 
141.84    11460 
653        6.55 
38  52      38  51 

Pittsburgh,  Fort  Wayne  A  Chicago  Ry  ** 

Pullman  Railroad  

Wahash  Railroad  

24  '82 

27.49 

32  87 

3853      38.53 

38  52 

38  53 

38  51 

Totals  

.(.ill     -  1,  > 

1.933  062,024  82 

.07'.    ,,; 

2.145.162.186  14 

2.211  75 

2.2O7  94  2.255  70  2.394  08  2.397.85 

*  Decrease  or  increase  due  to  change  in  classification. 

t  Increase  due  to  St.  Charles  Air  Line. 

i  Includes  charter  line  which  pays  no  taxes  to  Cook  County. 

1  Decrease  due  to  change  in  alignment. 


i  Includes  Englewoud  Connecting  Ry. 

**  Includes  all  Pennsylvania  R.  R.  branches  except  Englewood  Connecting  Ry. 
tt  Figures  for  1880  include  only  the  territory  within  the  Chicago  City  Limits  May  i. 
1889.     Morgan  Park  is  not  included  in  Zone  A. 


SMOKE  ABATEMENT  AND  ELECTRIFICATION  IN  CHICAGO 


TABLE  CLXXXVIII.     TRACK  MILEAGE  OF  STEAM  RAILROADS  (FIRST  MAIN  TRACK)  IN  ZONE  B  IN  ILLINOIS* 


Railroad 

Fint  Main  Track—  Mile. 

1889 

1903 

1904 

1905 

I  

1907 

1908 

1909 

1910 

1911 

1912 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

8  30 
5.91 

6.32 

6.32 

6.32 

6  32 

6.32 

6.32 

i.  ... 

6.31 

6.31 

6.31 

9.10 

40.36 

39  29 

39.29 

39.29 

39.28 

39.28 

39.28 

39.28 

36.62 

35.65 

Chicago  A  Alton  R   R                         ...           

6.62 

5.65 

5  55 

5.55 

5.55 

5.55 

6.65 

5.55 

6.55 

5.55 

5.55 

Chicago  A  Eastern  Illinois  II   R.         .    .             

3  64 

3.54 

3  54 

3.54 

3.54 

3.54 

3.54 

3.54 

3.54 

3.54 

3.54 

Chicago  A  Erie  R   R                                                            

6.91 
18.59 
3  11 
8.33 
4.98 

8.14 
18  59 
3  11 
8.33 
4  98 

8.14 
18.65 
3  11 
8  33 
4.98 

8.14 
18.65 
3.11 
8.33 
4.98 

8.14 
18.65 
3.11 
8.33 
4.98 

8.14 
i*  H 
3  11 
>  | 
4  98 

8.14 

is  .-,:( 
3.11 
8  33 
4  98 

29.32 
40  21 
8.33 
4.98 

15  70 
3.11 
8.33 
4  98 

18  59 
3  11 

">  1 
4  98 

18.59 
3  11 
8.33 
4  98 

Chicago  &  Western  Indiana  R.  R.  and  the  Belt  Ry.  of  Chicago 

Chicago  Great  Western  R   R.             ....            

Chicago,  Milwaukee  &  St.  Paul  Ry  

34  51 

12  15 

12  15 

12.15 

12.15 

12.15 

12  15 

12  15 

12.10 

12.16 

12  16 

Chicago  River  A  Indiana  R   R 

19.82 

4.73 

4  73 

4  73 

4  73 

4.73 

4.73 

4  73 

4.73 

4  73 

4  73 

3.56 

3  56 

3.56 

3  56 

3  56 

3.56 

3.66 

3.56 

3.56 

3.84 

Chicago,  West  Pullman  &  Southern  R   R 

Grand  Trunk  Western  l(y  

21.42 
27.86 

12  82 
14  05 

12  82 
14  14 

IJ   v. 
11    14 

12  82 
14.14 

12  83 
14  14 

ij  83 
14  14 

12  83 
14  14 

12  85 
14.14 

12  85 
14  14 

12  85 
14  14 

Illinois  Central  R.  K.J     

Illinois  Northern  Ry  

Indiana  Harbor  Bait  I)   R  .           

25  92 

25  92 

26.20 

26.20 

25  86 

25.86 

25.86 

25  86 

27.61 

Lake  Shore  &  Mirhigiin  Southern  Ry  

7.61 

0  86 
3.07 
7.35 
1.28 

0.94 
3  07 
7.35 
1  28 

1.76 
3  07 
7.35 
1.28 

1.76 
3  07 
7  35 
<1.28 

1.76 
3.07 
7.36 
1  28 

1  76 
3  34 

7   H 

1.28 

1.76 
3  34 

7    B 

1.28 

1.76 
3  27 
7  25 
1.28 

Michigan  Central  R.  H  

6.30 
6.64 
9.97 

3.10 
7.35 
1.28 

3  07 
7.35 
1.28 

Minneapolis.  St.  Paul  A  Sault  Ste.  Marie  Ry.               

New  York,  Chicago  A  St.  Louis  R.  R.|  

Pere  Marquette  R.  R  .                       ... 

Pittsburgh,  Cincinnati.  Chicago  A  St.  Louis  Ry.**.    . 

21.90 
25  27 

9.22 
4.71 

9.22 
4.71 

9  22 
4.71 

9.22 
4.71 

9.22 
4  71 

9.22 
4.71 

9  22 
4.72 

9  22 
4.72 

9.22 
4.72 

9  22 
4.72 

Pittsburgh,  Fort  Wayne  A  Chicago  Hy.tt 

Pullman  Railroad  

Wabash  Railroad  

994 

4  15 

4.15 

4.16 

4.16 

4.16 

4  16 

4.16 

4  is 

4.15 

4  16 

Total*  

an 

!•.,,..; 

,.,_•    s; 

,.,  ,  .,- 

200  94 

202  99 

MM  7i 

m  n 

m  oi  j'x.  1:1 

.•  .' 

TABLE  CLXXXIX.      TRACK  MILEAGE  OF  STEAM  RAILROADS  (SECOND  MAIN  TRACK)  IN  ZONE  B  IN  ILLINOIS' 


Railroad 

Second  Main  Track—  Mile* 

1889 

1903 

1904 

1905 

1906 

1907 

1908 

:  

1910 

I'm 

1912 

1 

2 

10 

11 

12 

Atchison,  Topeka  A  Santa  Fe  Ry.f.  . 

0  32 

6.32 

•    ... 

•      . 

6.32 

6.31 

6.31 

6  31 

Baltimore  A  Ohio  R.  R  

6.87 

Baltimore  A  Ohio  Chicago  Terminal  R.  R. 

7  30 

18  39 

21.91 

23.88 

23.90 

24  79 

28.56 

27.14 

27.14 

27.14 

25  28 

Calumet,  Hammond  A  Southeastern  R.  R  

Chesapeake  A  Ohio  Hy.  of  Indiana.  .  .  . 

Chicago  A  Alton  R.  R".  • 

6  62 

5.65 

6.66 

5  55 

5.66 

5.65 

5.66] 

6.65 

5.66 

6.66 

6.56 

Chicago  A  Calumet  River  R.  R  

Chicago  A  Eastern  Illinois  R.  R..  . 

3.54 

3.55 

3.66 

3  55 

3  65 

3.66 

3.55 

8.65 

3.55 

3.55 

3.65 

Chicago  A  Erie  R.  R  

Chicago  A  Illinois  Western  R.  R  

Chicago  A  North  Western  Ry. 

2932 
27.92 
8  33 

16.71 
3.11 
8  33 

18  68 
3.11 
8  33 

18.58 
3  11 
8  33 

18  58 
.1  11 
8  33 

18  58 
3.11 
8  33 

18.65 
3.11 
8.33 

18  65 
3.11 
8.33 
0  06 

18  66 
3.11 
8.33 
0  82 

18.64 
3  11 
8.33 
4.98 

39.61 
3.11 

It  ..7 
4  98 

Chicago  A  Western  Indiana  R.  R.  and  the  Belt  Ry.  of  Chicago 
Chicago,  Burlington  A  Quincy  R.  R.}  

Chicago  Great  Western  R.  R  

Chicago,  Indiana  A  Southern  R.  R  

Chicago,  Indianapolis  A  Louisville  Ry. 

Chicago  Junction  Ry  

Chicago,  Milwaukee  A  St.  Paul  Ry. 

17  92 

11.65 

11.65 

11.65 

11  65 

11.65 

11.65 

11  65 

11.67 

11.67 

11.68 

Chicago  River  A  Indiana  R.  R.  . 

Chicago,  Rock  Island  A  Pacific  Ry  

13.52 

4.73 

4.73 

4.73 

4.73 

4  73 

4  73 

4.73 

4  73 

4  73 

4.73 

Chicago  Short  Line  Ry  

Chicago  1  nion  Transfer  Ry  

3  82 

3.82 

3.82 

3  82 

3.82 

3.82 

3.82 

3.82 

3.82 

3.86 

Chicago.  West  Pullman  A  Southern  R.  R 

Elgin,  Joliet  A  Eastern  Ry  

Grand  Trunk  Western  Ry.:  .  . 

3.82 
20.21 

12  82 
1  M 

12  82 
3  98 

12.82 
3  98 

12.84 

12.84 
3  98 

12  82 
3  98 

12  82 
3  98 

12  82 
3  98 

12.82 
3.98 

12.82 
7.69 

Illinois  Central  R.  R.H  

Illinois  Northern  Ry  

Indiana  Harbor  Belt  R.  R  

19.80 

'"s'.io 

0.95 

2003 

3  06 
3  38 

20.30 

's'.oe 

5.40 

20.30 

24  90 

23  33 

'"•'.ei 

7.36 
1.28 

23.33 

23  33 

3  33 
7  36 
1.28 

23.33 

'  3'33 
7.25 
1.28 

23  84 

's'is 

7  25 
1.28 

Lake  Shore  &  Michigan  Southern  Ry  
Manufacturers'  Junction  Ry 

7.33 

's'.oe 

73(> 

'  's'.oe 

7.36 

'3  06 
7.36 
1.28 

Michigan  Central  R.  R  

Minneapolis,  St.  Paul  A  Sault  Ste.  Marie  Ry.  . 

New  York,  Chicago  A  St.  Louis  R.  R.§.  . 

2.32 

Pittsburgh,  Cincinnati,  Chicago  A  St.  Louis  Ry.** 
Pittsburgh,  Fort  Wayne  A  Chicago  Ry  ft 

4  55 
10  51 

9.22 

9.22 

9  22 

9.22 

9  22 

9.22 

9.22 

9.22 

9.22 

9  22 

Pullman  Railroad 
Wabash  Railroad                     

.    Totals  

169.18 

124.71 

m  7j 

1  IJ    ! 

150.45 

!  'A   'M 

162.061  158.11 

159.15 

in:  

••I  --.i 

•  *  Inf  J?8'i  'Z°"fe  rB  m  I""™"5"  «fjrs  to  «?e  territory  between  the  boundary       t  Increase  due  to  St.  Charles  Air  Line. 
Mav  !  ,sx^reSn°    I1nv"tlSatlon  ajd  the  city  limits  of  Chicago  as  existing       4  Include!  charter  line  which  pays  no  taxes  to  Cook  County. 
May  1.  1889.    For  all  other  years  the  two  Zones  were  the  same  as  at  the  end  of        {  Decrease  due  to  change  in  alignment, 
the  Committee  s  statistical  year.  191  j.     Morgan  Park  ,s  included  in  Zone  B.      «*  Includes  Englewood  Connecting  Ry. 
increase  due  to  change  in  classification.                                               ft  Includes  all>ennsylvania  R.  R.  branches  except  Englewood  Connecting  Ry. 
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TABLE  CXC.     TRACK  MILEAGE  OP  STEAM  RAILROADS  (SIDINGS)   IS  ZONE  B  IN  ILLINOIS* 


Railroad 

1 

Sidinn—  Mile* 

IHK1I 

I'.u: 

IMM 

1905 

1906 

1907 

I'M,* 

i  

I'll!) 

Mill 

H.1J 

3 

10 

11 

12 

Vtrhison,  Ttipnka  A  Santa  Fe  Uy.t  

17.28 
17.83 

1  92 

1  :»• 

1.94 

2.21 

2.67 

2.62 

2.52 

2.57 

2.80 

2.04 

Baltimore  &  Ohio  R.  R  

Baltimore  A  Ohio  Chicago  Terminal  H.  It  

11  32 

22  99 

22.77 

30.40 

33  36 

34.13 

33.08 

33.80 

31.67 

34.02 

37.78 

Chii'tigo  *  Alton  l(.  K 

0.28 

0.21 

1.46 

1.47 

1.48 

1.48 

1.48 

1.45 

1.48 

13.43 

19.31 

ChicaKO  &  Calumet  Hivor  H.  H  

Chicago  A  Eastern  Illinois  It.  R  

16.08 

31.07 

31.51 

31.88 

60.31 

60.58 

62.00 

62  36 

62.36 

62.36 

62.61 

Chicago  A  Erie  R.  R  

Chicago  A  Illinois  Western  R.  R  

1.68 
81.71 
11.97 
63.35 
1  97 

209 
52.40 
11  97 
!61.95 
1  97 

2.40 
41.43 
11.97 
62  24 

2.14 

i':ii 

4209 
11.97 
62.26 
4.02 

2.31 
45.70 
11.97 
64.73 
4.27 

2.31 

11  97 
65  SO 
6  28 

2  .31 
76.84 
12  91 
M  '•• 
5  28 

Chicago  A  North  Western  Ry  

10  23 

U     '.<! 

2S.98 
0.91 

11.88 
10.01 
58.18 
1.92 

14.72 
10.01 

:,:,  vi 
2.06 

22.17 
9.58 
53.14 
1.97 

Chicago  &  Western  Indiana  R.  R.  and  the  Belt  Ry.  of  Chicago 

Chicago  Great  Western  K.  II.                  .          .... 

Chicago,  Indiana  A  Southern  R.  R  



Chicago  Junction  Ry  



Chicago,  Milwaukee  A  St.  Paul  Ry  

14.92 

8.70 

8.31 

10.00 

9.89 

io.27 

11.21 

12.23 

8.73 

•Vi'iii    61.80 

Chicago  River  &  Indiana  R.  R  

45.49 

41.45 

41.65 

41.95 

41.96 

41.94 

41.95 

41.93 

41.93 

42.92!  42  92 

Chicago  Short  Line  Ry  

Chicago  Union  Transfer  Ry  

84.82 

84.82 

84.82 

84.82 

84.82 

84.82 

84  82 

84  82 

M    -_' 

84  51 

Chicago,  West  Pullman  A  Southern  R.  R  

Elgin,  Jolict  A  Eastern  Ry  

7.66 
7.87 
11.93 

7.66 
7.87 
18.49 

7.66 
7.87 
18.49 

7.82 
7.87 
18.60 

7.72 
7.87 
18.60 

7.72 
7.87 
18.68 

7.72 
7.85 
18.77 

7.66 
7.85 
19.31 

7  66 
7.74 
19.31 

7.68 
8  15 
UM 

Grand  Trunk  Western  Ry  

23  77 
10.48 

Illinois  Central  R.  R.t  

Illinois  Northern  Ry  

Indiana  Harbor  Belt  R.  R  

23.78 

24.16 

24.47 

24.08 

27.15 

23.82 

23.83 

24.26 

24.99 

47.59 

Lake  Shore  &  Michigan  Southern  Ry  

33.61 

0.28 
4.55 
9.91 
1.46 

1.32 
4.53 
10.47 
1.46 

3.93 
4.53 
10.47 
2.57 

4  00 
4.77 
10.41 
2.17 

4.66 
8.26 
10.47 
2.21 

4.00 
5.70 
11.92 
2.13 
2.17 
4.70 
2.66 

3  58 
5.70 
16.95 
2.13 
8.62 
4.86 
2.80 

3.59 
5.57 
17.30 
2.17 
8.62 
4.92 
2.74 

Michigan  Central  R.  R  

9.02 
1.39 
13.11 

4.55 
9.54 
1.46 

4.53 
9.89 
1.46 

Minneapolis.  St.  Paul  A  Sault  Ste.  Marie  Ry  

New  York,  Chicago  A  St.  Louis  R.  R.§           

Pere  Marquette  K.  R  

Pittsburgh,  Cincinnati,  Chicago  A  St  Louis  Ry,** 

7.71 
25.94 

3.67 
2.69 

3.37 
2.69 

4.01 
2.80 

3.90 
2.80 

4.03 
2.93 

3.96 
2.72 

4.92 
2.78 

Pittsburgh,  Fort  Wayne  &  Chicago  Ry.tt  

Pullman  Railroad  

Wabash  Railroad  

6.36 

1.78 

1.73 

2.23 

2.23 

2.23       2.23 

2.23 

2  23 

2.  23J     2.J4 

Totals  

350.16 

344.78 

:i.v,  si, 

::?:<  IIL< 

439  78 

458  30   445.59 

l.-.l    l« 

I.-.T    i:: 

542  92587  23 

TABLE  CXCI.     TRACK  MILEAGE  OF  STEAM  RAILROADS  (MAIN  TRACK  AND  SIDINGS)  IN  ZONE  B  IN  ILLINOIS* 


Railroad 

Main  Track  and  Sidings  —  Milea 

1911    |    1912 

1889 

1903 

1904 

1905 

1906 

1907 

MM 

,1909 

1910 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Atchison,  Topeka  A  Santa  Fe  Ry.t    - 

25.61 
29.31 

8.24 

8.22 

8.58 

14.85 

15.31 

15.16 

15.16 

15.19 

15  18 

14.66 

Baltimore  A  Ohio  R.  R  

27.72 

81.74 

83.97 

93.57 

96.55 

98.20 

100.92 

99.92 

98.09 

97.78 

98  68 

Calumet,  Hammond  A  Southeastern  R.  R  

Chesapeake  A  Ohio  Ry.  of  Indiana  

Chicago  A  Alton  R.  R  

13.49 

11.31 

12.56 

12.57 

12.58 

12.58 

12'.  58 

12.55 

12.58 

24.53 

30.41 

Chicago  A  Calumet  River  R.  R  

23.16 

38.16 

38.60 

38.67 

67.40 

67.67 

69.09 

69.45 

69.45 

69.45 

69.60 

Chicago  A  Erie  R.  R  

Chicago  A  Illinois  Western  R.  R  

8.59 
88.88 
18.19 
70.01 
6.95 

16.23 
89.67 
18.19 
78.61 
6.95 

10  54 
78.73 
18.19 
78.90 
7.12 

10.45 
79.39 
18.19 
78.91 
9.06 

10.45 
83.00 
18.19 
81.39 
10.07 

10.45 
97.63 
18.19 
82.16 
15.24 

io.45 
134  98 
19.13 
84  96 
15.24 

68.87 
127.04 
42  64 
5.89 

42.99 
16.23 
71.84 
6.90 

51.89 
16.23 
72.46 
7.04 

59.34 
16.07 
69.80 
6.95 

Chicago  A  Western  Indiana  R.  R.  and  the  Belt  Ry.  of  Chicago 

Chicago  Great  Western  R.  R  

Chicago,  Indiana  A  Southern  R.  R  

Chicago,  Indianapolis  A  Louisville  Ry  

Chicago  Junction  Ry  

Chicago,  Milwaukee  A  St.  Paul  Ry 

67.35 

32.50 

32.11 

33.80 

33.69 

34.07 

35.01 

36  03 

32.56 

74.45 

75  43 

Chicago  River  A  Indiana  R.  R  

Chicago,  Rock  Island  A  Pacific  Ry 

78.53 

50.91 

51.11 

51.41 

51.41 

51.40 

51.41 

51.39 

61.39 

52.38 

52.38 

Chicago  Short  Line  Ry  

92.20 

92.20 

92.20 

92.20 

92  20 

92.20 

92.20 

92.20 

92.20 

92.21 

Chicago,  West  Pullman  A  Southern  R.  R  

7.66 
33.51 
29.96 

7.66 
33.51 
36.61 

7.66 
33  51 
36.61 

7.82 
33.53 
36  72 

7.72 
33  54 
36.72 

7.72 
33.52 
36.80 

7.72 
33  50 
36.89 

7.66 
33  52 
37.43 

7.66 
33  41 
37.43 

7.68 

33  82 
40  66 

Grand  Trunk  Western  Ry  

49.01 
58.55 

Illinois  Central  R.  R.I  

Illinois  Northern  Ry  

Indiana  Harbor  Belt  R.  R  

69.50 

70.11 

70.97 

70.58 

78.25 

73.01 

73.02 

73.45 

74.18 

98.94 

Lake  Shore  A  Michigan  Southern  Ry  

48.45 

Manufacturers'  Junction  Ry  

1.14 
10.68 
22.66 
2.74 

2  26 
10.66 
25.18 
2.74 

5.69 
10.66 
25.18 
3.85 

5.76 
13.48 
25.12 
4.73 

5.76 
14.39 
25.18 
4.77 

5.76 
12.37; 
26  63 
4.69; 

2.17 
23.14 
7  38j 

5  34 
12.37 
31.45 
4.69 
8.62 
23  30 
7.52 

5.35 
12  09 
31  80 
4.73 
8  62 
23  36 
7.46  ' 

Michigan  Central  R.  R  

15.32 
8.03 
25.40 

10.75 
17.84 
2.74 

10.66 
20.62 
2  74 

Minneapolis,  St.  Paul  A  Sault  Ste.  Marie  Ry 

New  York,  Chicago  A  St.  Louis  R.  R}  

Pere  Marquette  R.  R  

34.16 
62.82 

22.11 
7.40 

21.81 
7.40 

22.45 
7.51 

22.34 
7.51 

22.47 
7.64 

22.40 
7.43 

23  36 
7.50 

Pittsburgh,  Fort  Wayne  A  Chicago  Ry.tt 

Pullman  Railroad  

Wabash  H.-iilroad  

16.30 

5  93 

5.88 

10  53 

10  53 

16  53 

10.53 

in  .vt 

io'53      1053 

10  44 

Totals  

K2li  tin 

IMMI  \: 

683  39 

?.,•,   u 

791  17 

817  23   810  35l  815  32 

S|M     "1     •>•-.     II  -is 

*  In  1889.  "Zone  B  in  Illinois"  refers  to  the  territory  between  the  boundary 
line  of  the  Area  of  Investigation  and  the  city  limits  of  Chicago  as  existing 
May  1, 1889.  For  all  other  years  the  two  Zones  were  the  same  as  at  the  end  of 
the  Committee's  statistical  year,  1912.  Morgan  Park  is  included  in  Zone  B. 

t  Decrease  or  increase  due  to  change  in  classification. 


1  Increase  due  to  St.  Charles  Air  Line. 

*  Includes  charter  line  which  pays  no  taxes  to  Cook  County. 

I  Decrease  due  to  change  in  alignment. 
'*  Includes  Englewood  Connecting  Ry. 
ft  Includes  all  Pennsylvania  R.  R.  branches  except  Englewood  Connecting  Ry. 
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TABLE  CXCII.     TRACK  MILEAGE  OF  STEAM  RAILROADS  (FIRST  MAIN  TRACK)  IN  ZONE  B  IN  INDIANA 


Railroad 

First  Main  Track  —  Mile. 

1889 

1903 

1004 

1905 

1006 

1907 

1908 

1009 

1910 

1911 

1012 

1 

2 

3 

4 

5 

6 

7 

8 

0 

10 

11 

12 

Atchison.  Topelca  &  Santa  Fe  Ry  

"ii'ii 

7.00 

'ii'.ii 

12  09 

"li'ii 

12  71 

'ii'.is 

10  34 

"ii'.is 

10.38 

'ii  in 

10  38 
2.84 

"ii'.is 

10.38 
2  64 

"ii'is 

10.01 
2.84 

"ii'.is 

10.01 
2.64 

'ii'.is 

10  01 
2  62 

"ii'.is- 

10.01 
1.46 

Baltimore  A  Ohio  Chicago  Terminal  R.  R  
Calumet,  Hammond  &  Southeastern  R.  R  
Chesapeake  &  Ohio  Ry.  of  Indiana  
Chicago  A  Alton  R.  R  
Chicago  A  Calumet  River  R.  R  
Chicago  A  Eastern  Illinois  R.  R  

Chicago  A  Erie  R.  R  
Chicago  &  Illinois  Western  R.  R  
Chicago  A  North  Western  Ry  
Chicago  A  Western  Indiana  R.  R.  and  the  Belt  Ry.  of  Chicago.  . 
Chicago,  Burlington  A  Quincy  R.  R  
Chicago  Great  Western  R.  R  

4  28 

4.28 

'  i'ii 

4.00 

4  28 

'   4.88 
4  08 

4.28 

'  'i'.sa 

4.06 

4.25 

'"i'.si 

4.06 

"ii'.se 

4.06 

"ii'28 

4.06 

"iil'TO 
4  06 

"ian 

4  06 

4  06 

is'.ss 

4  06 

Chicago,  Indianapolis  &  Louisville  Ry  
Chicago  Junction  Ry  

4.08 

Chicago  River  A  Indiana  R.  R  
Chicago,  Rock  Island  A  Pacific  Ry  

Chicago  Union  Transfer  Ry  

1.28 

18.47 

10.47 

10.38 

19  29 

19.29 

19.29 

21.13 

21  31 

21.13 

21.15 

Grand  Trunk  Western  Ry  

Illinni»  Northern  Ry  
Indiana  Harbor  Belt  R   R                 .                     

liii 

9  21 
11  31 

9  ii 

11.81 

8.97 
11.31 

8  07 
17.69 

8.07 
17.80 

9.24 

17.69 

0  24 
17.60 

0.24 
22.62 

9  24 

22.62 

0  13 
23.04 

Michigan  Central  R   R 

3  68 

3  34 

3  34 

3  34 

3.34 

5  00 

7.54 

7.54 

7.54 

7.54 

7.54 

New  York  Chicago  A  St   Louis  R   R                         

A.  10 

S.10 

S.10 

5  10 

5.  16 

5.10 

6  10 

5.10 

5  10 

j'.io 

5.10 

Pittsburgh    Fort  Wayne  A  Chicago  Ry  *  

14.37 

18.  57 

18.63 

18.63 

18.63 

10.39 

19  36 

19.07 

19  Oft 

10.04 

10.05 

Wabash  Railroad  

3  31 

3.31 

3.31 

3.  3i 

3.31 

8.  81 

3  31 

3  31 

3.  3i 

3.31 

Totali  

82  27 

I.N     77 

107  51 

104  76 

i!M      -'. 

1  j  i  j  I 

125  35 

I.-   !.-, 

1  ;i  i>i 

133  62 

in  u 

TABLE  CXCIII.     TRACK  MILEAGE  OF  STEAM  RAILROADS  (SECOND  MAIN  TRACK)  IN  ZONE  B  IN  INDIANA 


Railroad 

Second  Main  Track  —  Mile* 

1889 

1003 

1904 

1905 

1906 

1907 

MM 

I  

I'M" 

mi 

1912 

1 

10 

11 

12 

Baltimore  A  Ohio  R.  R  •  .    .  .           .  .    . 

11.21 

11  21 

11  21 

11.18 

11   18 

11   is 
0.19 

11     1.S 

0.19 

11.18 
0.19 

11    l\ 
0  27 

11     IN 

0  27 

11      IS 

0.27 

Chicago  A  Erie  R.  R  

2  26 

2  26 

2  26 

2.26 

2.28 

2.82 

2.89 

Chicago  A  Illinois  Western  R   R 

Chicago  A  Western  Indiana  R.  R.  and  the  Belt  Ry.  of  Chicago 

Chicago  Great  Western  R.  R 

Chicago,  Indiana  A  Southern  R.  R  



4  78 

4  84 

4  84 

3.50 

5  44 

5  44 

5  44 

5  44 

5.44 

5.57 

Chicago,  Milwaukee  A  St.  Paul  Ry 

Chicago  Union  Transfer  Ry  

Chicago,  West  Pullman  A  Southern  R.  R  

Elgin,  Joliet  A  Eastern  Ry  

7.71 

7.71 

7.74 

7.74 

7.74 

7.74 

10  41 

11  04 

11  28 

12.59 

Grand  Trunk  Western  Ry. 

Illinois  Central  R.  R  

Illinois  Northern  Ry  

Indiana  Harbor  Belt  R.  R  

Lake  Shore  A  Michigan  Southern  Ry  

11.31 

11.31 

11.31 

15.17 

15.17 

15.15 

15.16 

16  27 

16.27 

18.70 

Manufacturers'  Junction  Ry  

Michigan  Central  R.  R  

3.68 

3.34 

3.34 

3.34 

3  34 

6.00 

6.36 

7.53 

7  54 

7.54 

7.54 

Minneapolis,  St.  Paul  A  Sault  Ste.  Marie  Ry  

New  York,  Chicago  A  St.  Louis  R.  R  

4.64 

4.69 

4.60 

4  69 

4.74 

Pere  Marquette  R.  R  

Pittsburgh,  Cincinnati,  Chicago  A  St.  Louis  Ry. 

Pittsburgh,  Fort  Wayne  A  Chicago  Ry.*  

11.01 

11.01 

11  01 

11.01 

11.01 

11.04 

11.04 

11.04 

11.04 

11  04 

Pullman  Railroad  

Wabash  Railroad  

Totals  

14.89 

49.36 

!•'    U 

49.42 

-|  _•<• 

H  us 

64  00 

67  90 

t.'.i  7.1 

7c  P  .-,:< 

7j  :,j 

*  Includes  Pennsylvania  R.  R.  branches. 
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TABLE  CXCIV.     TRACK  MILEAGE  OP  STEAM  RAILROADS  (SIDINO9)  IN  ZONE  B  IN  INDIANA 


It.'iilrnnd 

Siding.  —  MUM 

IXS'I 

I9M 

1904 

1905 

1900 

1907 

IMI 

1909 

1»10 

1911 

191S 

1 

10 

11 

a 

Atohuon,  Topeka  A  Santa  Fe  Ry.  .  . 

Baltimore  A  Ohio  R.  R  

0.91 
5.10 

24.82 
18  68 

24.68 
18.68 

21.38 
30.72 

21.62 
21.08 

21  66 
21.43 

21.65 
21  43 

21.07 
21.43 

21.67 
21.49 

21.67 
21.01 

21.67 
21.80 

Baltimore  A  Ohio  Chicago  Terminal  R.  R.    . 

Calumet,  Hammond  4  Southeast*™  K.  K  

0.08 

0  08 

2.87 

2.62 

3  62 

3.62 

Chicago  A  Alton  R.  R".  

Chicago  &  Calumet  River  K.  11  

Chicago  &  Eastern  Illinois  R.  R  

Chicago  A  Erie  R.  R  

12.  ii 

_'M    U 

20.38 

21.10 

27.02 

27.02 

27.63 

26.69 

26  69 

25.69 

2820 

Chicago  A  Illinois  Western  R.  R  

Chic-HKii  *  North  Western  Ilv  

ChiciiKo  &  Western  Indiana  R.  R.  and  the  Belt  Ry.  of  Chicago 
Chicago,  Burlington  A  Quincy  R.  R  

Chicago  Great  Western  R.  R  

Chicago,  Indiana  A  Southern  R.  R  

6.74 
3.72 

6  62 

12  08 

10.26 
17.66 

14.39 
17.93 

67  89 
18.23 

73  19 
18.23 

80  03 
19.22 

80.61 
20.26 

86.69 
20  34 

93  20 
20  34 

2.60 

Chicago  Junction  Ry  

Chicago,  Milwaukee  A  St.  Paul  Ry  

Chicago  River  &  Indiana  R.  R  

Chicago,  Rock  Island  A  Pacific  Ry  

Chicago  Short  Line  Rv  

Chicago  Union  Transfer  Ry  

Chicago.  West  Pullman  &  Southern  R.  R  

0  46 

14  33 

17.96 

19  54 

27.26 

32.09 

33  31 

49.36 

58  32 

91.81 

113.63 

Grand  Trunk  Western  Ry.  .  .  . 

Illinois  Central  R.  R  

Illinois  Northein  Ry  

Indiana  Harbor  Belt  R.  R  

9.32 
11.22 

9.32 
11.72 

9.60 
12.43 

9.60 
13.51 

9.55 
26.63 

11.65 
26.52 

11.66 

29.68 

12.76 
31.23 

ii.  07 
33.74 

19.04 
35  73 

Lake  Shore  A  Michigan  Southern  Ry  

3.69 

Manufacturers'  Junction  Ry  

Michigan  Central  R.  R  

3.47 

2.79 

2.79 

3.63 

3.16 

3.27 

4.34 

6.59 

6.14 

6.14 

6.19 

Minneapolis,  St.  Paul  &  Sault  Ste.  Marie  Ry  

New  York,  Chicago  A  St.  Louis  R.  R.  . 

1.25 

1.62 

1.67 

1.64 

1.48 

2.99 

2.42 

2.55 

3.08 

3.55 

3.66 

Pere  Marquette  R.  R  ... 

Pittsburgh,  Cincinnati,  Chicago  A  St.  Louis  Ry  

Pittsburgh,  Fort  Wayne  A  Chicago  Ry  .'  

3.79 

15.15 

15.75 

17.80 

18.69 

19.74 

26.16 

23.65 

28.87 

31.62 

31.93 

Pullman  Railroad  

Wabash  Railroad  

1.44 

1.44 

1.44 

1.44 

i  44 

1.40 

1.40 

1.40 

1.40 

1.40 

Total*  '  

33  38 

130.21 

1  IJ  '.HI 

157  00 

177  18 

252  01 

267  81  1  295  59 

314  14 

400.99 

TABLE  CXCV.     TRACK  MILEAGE  OF  STEAM  RAILROADS  (MAIN  TRACK  AND  SIDINGS)  IN  ZONE  B  IN  INDIANA 


Railroad 

Main  Track  and  Sidings  —  Miles 

1889 

1903 

1904 

1905 

1906 

1907 

1908 

1909 

"1910" 

1911 

1912 

1 

2 

10 

11 

12 

Atchison,  Topeka  A  Santa  Fe  Ry  

Baltimore  A  Ohio  R.  R  

23.33 
12.10 

47.24 
30.77 

47.  i6 
31.39 

43.74 
31.06 

43.98 
31.46 

44.01 
32.00 

44  01 
32  00 

44  03 
31.63 

44.03 
31  77 

44  03 
31.89 

44  03 
32  17 

Baltimore  A  Ohio  Chicago  Terminal  R.  R  

Calumet,  Hammond  A  Southeastern  R.  R  

Chesapeake  A  Ohio  Ry.  of  Indiana  

2.72 

2.72 

5.51 

5  26 

6  24 

5.08 

Chicago  A  Alton  R.  R".  

Chicago  A  Calumet  River  R.  R  

Chicago  A  Eastern  Illinois  R.  R  

Chicago  *  Krie  R.  It  

16.39 

24.66 

24.66 

25.38 

33.53 

33.66 

34  07 

32.23 

32  23 

32.76 

35.37 

Chicago  A  Illinois  Western  R.  R  
Chicago  A  North  Western  Ry  

Chicago  A  Western  Indiana  R.  R.  and  the  Belt  Ry.  of  Chicago 
Chicago,  Burlington  A  Quincy  R.  R  

Chicago  Great  Western  R.  R  

Chicago,  Indiana  A  Southern  R.  R. 

16.34 
7.78 

i6.24 
16.14 

19.96 
21.72 

22.40 
21.99 

85.19 
22.29 

89.91 
22.29 

99.  17 
23  28 

99.75 
24.32 

10465    liiao 
24  .40|     24  .40 

Chicago,  Indianapolis  A  Louisville  Ry  

6.66 

Chicago  Junction  Ry  

Chicago,  Milwaukee  A  St.  Paul  Ry  
Chicago  River  A  Indiana  R.  R  

Chicago,  Rock  Island  A  Pacific  Ry  
Chicago  Short  Line  Ry  

Chicago  Union  Transfer  Ry  

Elgin,  Joliet  A  Eastern  Ry  

1.72 

41.61 

46.14 

40.66 

54.29 

59.12 

60.34 

80.90 

90.07 

124.  Z2 

147  37 

Grand  Trunk  Western  Ry  
Illinois  Central  R.  R  

Illinois  Northern  Ry  
Indiana  Harbor  Belt  R.  R  

15  00 

18.63 
33  84 

18.63 
34  34 

18.57 
35.05 

18  67 
46.37 

18.52 
59.49 

20.79 
69.36 

20.79 
02.43 

22  00 
70.12 

23  31 

72  63 

28  77 
7547 

Manufacturers'  Junction  Ry  

Michigan  Central  R.  R  
Minneapolis.  St.  Paul  A  Sault  Ste.  Marie  Ry  
New  York,  Chicago  A  St.  Louis  R.  R  .  .  . 

10.83 

9.47 

9.47 

10.21 

9.84 

13.45 

18.24 

21.06 

21.22 

21  22 

21.27 

6.36 

6.72 

6.77 

6.04 

6.68 

8.09 

12  i0 

12  34 

12  87 

13.34 

is.  39 

Pere  Marquette  R.  R  

Pittsburgh,  Fort  Wayne  A  Chicago  Ry.*  

18.16 

44.73 

46.39 

47.44 

48.33 

60.14 

60.50 

63.70 

68  96 

01  70 

62.02 

Pullman  Railroad  

Wabash  Railroad  

4.76 

4.75 

4.76 

4  75 

4.76 

4.71 

4  71 

4  71 

4  71 

4  71 

Totals  

110  54 

Ht    M 

299  92 

311    is 

342  09 

<  ;  i    13 

f-   |. 

m  H 

•:    i 

fO6  85 

*  Includes  Pennsylvania  R.  R.  branches. 
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SMOKE  ABATEMENT  AND  ELECTRIFICATION   IN  CHICAGO 


TABLE  CXCVI.     TRACK  MILEAGE  OF  STEAM  RAILROADS  (FIRST  MAIN  TRACK)  IN  ZONE  B  IN  ILLINOIS  AND  INDIANA* 


Railroad 

i 

l-.ui     rracl        Mil- 

IV,.  1 

1903 

I'M.I 

IMM 

not 

1007 

1908 

1909 

1910 

1911 

1912 

1 

10 

11 

12 

8.36 
17.12 
16  10 

6  32 

11  Jl 
52  45 

n  32 
u  ji 

52  00 

6  .32 
11  18 
49.63 



11.18 
49.67 

11.18 
49.66 

..  3J 
11.18 
49.66 

11.18 
49  29 

0  31 
11    IS 
49.29 

11    is 
46.63 

11.18 
45  66 

Baltimore  &  (  >hio  R   R                                

2.64 
6.55 

2.64 
5.55 

5.56 

264        2.62 
5.56 

1  46 

Chicago  A  Alton  R   R                                        

6.62 

5  55 

5.55 

5.66 

5.55 

Chicago  4  Calumet  River  R.  R  

3  54 
4.28 

3  54 
4  28 

3.54 

4.28 

3.54 
4.28 

354        354 
4  25        4  L'K 
6.91        8.14 
1859      1859 

3    II          311 

4.98 
4.51       1186 
4  06        4  06 

3.54 

4.28 
8.14 
18  65 

3    11 
8  33 
1  '^ 
11.28 
4.06 

3  54 

4  28 
8.14 
18.65 

4.98 
13  70 
4  06 

8.14 
18.65 

3    11 
13    70 

4.06 

3  54 
4.25 
8.14 

18.53 

s  33 
4  98 
13  :,j 
4  06 

i  H 

is  n 

3.11 
8  33 
4.98 
13.83 
4  06 

Chicago  &  Erie  R  R 

Chicago  &  Illinois  Western  R.  R  

29  32 
40  21 
8  33 
4.98 

15  70 

3    11 

8.33 
4.98 
14  82 
4.06 

is  59 
3    11 
S  33 
4  98 
4.88 
4.06 

18.59 
3  U 

4  98 
4  86 
4  06 

Chicago  &  Western  Indiana  R.  R.  and  the  Belt  Ry.  of   Chicago 

Chicago  Great  Western  R.  R  

4  06 

Chicago  Junction  Ry  

Chicago,  Milwaukee  A  St.  Paul  Ry  ...           r   

34  51 

12.15 

12  15 

u  i:. 

12  IS      12.16 

li>  .1.1 

IJ    i:,       11'   Hi 

IJ  Ii. 

12.16 

Chicago,  Rock  Island  A  Pacific  Ry  

19  52 

4.73 

4  73 

4.73 

473        473 

4.73 

4   73 

4  73 

1   7: 

'  '  's'.ie 

... 
3  66 

3  5ft 

356        356 

3  56 

3  So 

3  56 

3  56 

3.84. 

Chicago,  West  Pullman  A  Southern  R.  R  

Elgin,  Joliet  A  Eastern  Ry  

1  26 
21  42 
27.86 

19.47 
12  82 
14.05 

19  47 

IJ  si' 
14    14 

19  38 

11'    SJ 

14    14 

19.29 
12.82 
14  14 

19.29 
14.14 

19  29 

IJ   V( 
14   14 

Jl    13 
12  H3 
14    14 

J  1    3  1 
14    14 

21.13 

u  >-:. 

14   14 

Jl    I.". 
IJ    s-, 
14   14 

Grand  Trunk  Western  Hy 

Illinois  Central  R   R  {             

Illinois  Northern  Ry  .t  

Indiana  Harbor  Kelt  H   R  

35.13 
11  31 

11   31 

35  17 
11   31 
0  86 
A  41 
7  35 
8  38 

35  17 
17  69 
0  94 
6  41 

•     I 

17  69 

s  it, 
7  35 
6  38 

17.09 
1  76 
10.61 
7  35 
6.38 

17  69 
1  76 
10.61 
7  35 
6.38 

35  16 

1  76 
10  88 
7.35 
6.38 

35  10 
22  62 
1  76 

|M    ss 

6.38| 

36  64 

.'  :  "I 
1  76 
10  81 
7  26 

1892 

998 
6  64 
16  07 

6.44 

7.36 

•     .- 

6  41 
7  35 

'.     « 

Minneapolis.  St    Paul  A  Sault  Ste.  Marie  Ry 

New  York,  Chicago  A  St   Louis  R   R 

Pere  Marquett*  R.  R  

21  90 
39  84 

9.22 
23.28 

9  22 
23  34 

9  22 
23.34 

9  22 
23.34 

9  22 
24  10 

9  22 
24  07 

9.22 
23.77 

9  22 

9.22 
23.77 

Pittsburgh,  Fort  Wayne  A  Chicago  Ry  1.. 

Pullman  Railroad  

Wabash  Railroad 

9  94 

7.46 

7.46 

7    4  'i 

7.46 

7  46 

7  46 
32806 

T  4fi 

7  46 

746 

Total*  

369  58 

297  70 

300  32 

298  71 

ill  65 

326  23 

331  67    337  OS 

334   10 

TABLE  CXCVH.     TRACK  MILEAGE  OP  STEAM  RAILROADS  (SECOND  MAIN  TRACK)  IN  ZONE  B  IN  ILLINOIS  AND  INDIANA* 


Railroad 

.    SMOBd  Main  Track—  Mile. 

1889 

1903 

1904 

1905 

1908 

1907 

1908 

1909 

1910 

1911 

1912 

1 

10 

11 

12 

Atchison,  Topeka  A  Santa  Fe  Hy  .t  .  . 

0  32 
11   18 

a  ;j 

11.18 
23  90 

6  32 

11.  IK 

24  98 

6  32 
11  18 
28  75 

6  32 
11.18 
27.33 

6  31 
11   18 

J7    II 

8.31 
11  18 
27.41 

6.31 
11.18 
25  55 

Baltimore  A  Ohio  R.  R  

1708 
7.30 

1!    Jl 
1830 

11   21 
21.91 

Baltimore  A  Ohio  Chicago  Terminal  R.  R. 

Calumet,  Hammond  A  Southeastern  R.  R  

Chesapeake  A  Ohio  Ry  of  Indiana 

Chicago  A  Alton  R.  R"  »  

8.82 

5.56] 

5.56 

6.55 

6  55 

6.66 

5.66 

5.65 

5.55 

5.65 

6.66 

Chicago  &  Calumet  River  R.  R  

Chicago  A  Eastern  Illinois  R.  R.  .  . 

3.54 

3  55 

3.65 

3.56 

3.66 
2.2A 

3.65 
2.26 

3  55 
2.26 

3.56 
2.26 

3.55 
2  26 

3.55 
2.82 

3.66 
2  89 

Chicago  A  Erie  R.  R  

Chicago  A  Illinois  Western  R.  R  

Chicago  A  North  Western  Ry  

29  32 

27  92 
8  33 

15  71 

3   11 

-    . 

is  s4 

3.11 
8  33 

18.68 
3  11 
8.33 

18.68 
3.11 
8.33 

18.68 
3.11 
8.33 

18.85 
3.11 
8.33 

18.65 
3.11 
8  33 
0.06 
5  44 

'li'es 

18.85 
3.11 
8  33 
0.82 
5.44 

ii  67 

18  54 

3    11 

8.33 
4.98 
5.44 

li  67 

39  61 
3.11 
'  16.67 
4  98 
5.57 

11  68 

Chicago  A  Western  Indiana  R.  R.  and  the  Belt  Ry.  of  Chicago 
Chicago,  Hurlington  A  Quincy  R.  R  

Chicago  Great  Western  R.  R  

Chicago,  Indiana  A  Southern  R.  R  

4.78 

4.84 

4.84 
'ii'65 

3.50 
"ii'.65 

6  44 

"ii'.BS 

5.44 

"ii'.es 

Chicago,  Indianapolis  A  Louisville  Ry  
Chicago  Junction  Ry  



Chicago,  Milwaukee  A  St.  Paul  Ry  

17.92 

11.85 

11.85 

Chicago  River  A  Indiana  R.  R  

Chicago,  Rock  Island  A  Pacific  Ry  
Chicago  Short  Line  Ry  

13.52 

4.73 

4  73 

4  73 

4.73 

4.73 

4.73 

4  73 

4.73 

4  73 

4.73 

Chicago  Union  Transfer  Ry  
Chicago,  West  Pullman  A  Southern  R.  R.  . 

3.82 

3.82 

3  82 

3.82 

3.82 

3  82 

3  82 

3.82 

382      386 

Elgin,  Joliet  A  Eastern  Ry  

7.71 
12  82 
3  98 

7.71 
12.82 

3  98 

7.74 
12  82 
3  98 

7.74 
12  84 
3.98 

7.74 
12.84 
3.98 

7.74 
12.82 
3  98 

in   II 
12  82 
3  98 

11.04 
12  82 
3  98 

11.28     12.59 
u  ^J     12.82 
398       7.69 

Grand  Trunk  Western  Ry  

3  82 
1     I) 

Illinois  Central  R.  R.{  

Illinois  Northern  Ry.f.  
Indiana  Harbor  Belt  R.  R  ,      \ 
Lake  Shore  A  Michigan  Southern  Ry  '.'. 
Manufacturers'  Junction  Ry  
Michigan  Central  R.  R  
Minneapolis,  St.  Paul  A  Sault  Ste.  Marie  Ry. 
New  York,  Chicago  A  St.  Louis  R.  R.  .  . 

'  7'.33 

'a.es 

"   2.32 

19  80 
11.31 

'e',44 
0  95 

20  03 
11.31 

'  6.40 
3.38 

20.30 
11.31 

'640 
6.40 

20.30 
15.17 

'6'.40 
7.36 

24.90 
15.17 

'"s'.is 

7  36 

23  33 
15.15 

"ii'oo 

7  36 
6  92 

23  33 
15.16 

l6'.59 
7.36 
5.97 

23.33 
16.27 

i6'87 
7  3fi 
6  97 

23  33 
16  27 

"i6'.87 
7.25 
5.97 

23  84 
16.70 

'  '10.79 
7.25 
6  02 

Pittsburgh,  Cincinnati,  Chicago  A  St.  Louis  Ry..  . 
Pittsburgh,  Fort  Wayne  A  Chicago  Ry.1I  . 

4.55        9.22 
10.61:     11.01 
1  

9  22 
11.01 

9  22 
11.01 

9.22 
11.01 

9  22 

11  in 

11.04 

9  22 
11.04 

9  22 
11.04 

922      9.22 
1104     11.04 

Pullman  Railroad  
Wabash  Railroad  

Totals  

184  07    174  07 

183.14 

191.87 

204  65 

214  02 

226  OS 

226  01 

228  88 

233  62   2117  35 

*  In  1889,  "Zone  B  in  Illinois"  refers  to  the  territory  between  the  boundary 
line  of  the  Area  of  Investigation  and  the  city  limits  of  Chicago  as  existing  M»y 
I,  1889.  For  all  other  years  the  two  Zones  were  the  same  as  at  the  end  of 
the  Committee's  statistical  year,  1912.  Morgan  Park  is  included  in  Zone  B 


t  Decrease  or  increase  due  to  change  in  classification. 

I  Includes  charter  line  which  pays  no  taxes  to  Cook  County. 

f  Includes  Pennsylvania  R.  R.  branches. 


GROWTH  OF  THE  CHICAGO  RAILROAD  TERMINALS 


TABLE  CXCVIII.     TRACK  MILEAGE  OP  STEAM  RAILROADS  (SIDINGS)  IN  ZONE  B  IN   ILLINOIS  AND  INDIANA* 


R«ilro«d 

Hi.lu.IC.      •  Mil-. 

2 

17  -2! 
\*    II 
16  42 

1903 

a 

1.92 
24.82 
41  07 

1904 

1905 

1906 
0 

2.21 
21.62 
54  44 

1907 

8 

2  .-,. 
64.61 

I'Nri 
9 

2  :.2 

21    1,7 
64.93 

1010 

111 

21   1.7 
63.16 

1911 

1»IZ 
12 

2   Ml 

21  07 

..    .    ! 

1 

4 

1.90 
24.68 
41.42 

6 

1  'it 
.'1  :IH 
51.12 

7 

J  '.7 
21   ••,: 

.  .    ,. 

II 

2  .Vi 

21    ..7 

Baltimore  A.  Ohio  H.  It  

Baltimore  A  Ohio  Chicago  Terminal  H   K 

Cheaapeake  A  (  >hio  Hv.  of  Indiana  

0.08 
1.48 

0.08 
1.48 

2.87 
1.46 

2.62 
1.48 

3  62 

13  43 

19.31 

Chicago  A  Alton  K.  H  

0.28 

0.21 

1  46 

1.47 

1.48 

Chicago  A  Calumet  River  R.  R  

Chicago  A  Eastern  Illinois  K.  R  

16.08 
12.11 

31  07 
20.38 

31.61 

.•<>  .;- 

31  SK 
H.M 

06.31 
27.02 
1.68 
61.71 

1  1  .'.17 
53.3J) 
1.97 
14  .39 

17  93 

.,n    H 

27.02 
2.09 
52  40 
11   !I7 
61.96 
1.97 
67.89 
18.23 

(.2  (H) 
27.63 
2.40 
41.43 
11.97 
62  24 
2.14 
73.1H 
18.23 

02.36 

U  '••• 

2.31 
43.09 
11  97 
62  26 
4.02 
80.03 
10.22 

62  30 

2  31 
46.70 

11  :.7 
64.73 
4.27 
80  61 
20.20 

62.36 
26  09 

00.60 
11.97 
65  SO 
6.28 
U.M 
20.34 

62.61 

H  I 
2.31 
76.  H4 
12  91 

H  •„ 

93  20 
20  34 

Chicago  A  Erie  R.  R  

Chicago  A  Illinois  Western  R.  R  .  .          ... 

Chicago  A  North  Western  Ry  

in  2: 

58.91 
25.98 
0  91 

11.58 
10.01 

:,.-,  !•, 
1.92 
6.74 
3.72 

14.72 
10.01 
H  ^i 
2.06 
6.52 
12.08 

22.17 
9.86 
63.14 
1.97 
10.  M 
17.06 

Chicago  A  Western  Indiana  R.  R.  and  the  Belt  Ry.  of  Chicago 
Chicago,  Burlington  A  Quincy  R.  R  

Chicago,  Indiana  A  Southern  R.  R  

2.60 

Chicago,  Milwaukee  A  St.  Paul  Ry  

14  92 

8.70 

8.31 

10.00 

9.89 

10  27 

11.21 

12,23 

8.73 

5062     61.59 

45.49 

41.45 

41.66 

41.95 

41.96 

41.94 

41.95 

41.93 

41.93 

42  92 

Chicago  Short  Line  Ry  

Chicago  Union  Transfer  Ry  

84.82 

84.82 

84.82 

84.82 

84.82 

84  82 

84.82 

84.82 

84  82 

84.51 

Chicago,  West  Pullman  A  Southern  R.  R  

I'ilitm.  Joliet  A  Eastern  Ry  

0.46 
23.77 
10.48 

21.99 
7.87 
11.93 

25.62 
7.87 
18.49 

27.20 
7.87 
18.49 

35.08 
7.87 
18.60 

39.81 
7.87 
18.60 

41.03 
7.87 
18.68 

57.08 
7  85 
18.77 

05  98 
7.85 
19.31 

99  47 
7  74 
19.31 

121  31 
8.16 
18.83 

C.nmd  Trunk  Western  Ry  

Illinois  Central  R.  R.J       

Illinois  Northern  Ry.t  

Indiana  Harbor  Belt  R.  R  

33.10 
11.22 

33.48 
11.72 

34.07 
12.43 
0.28 
8.08 
9.91 
3.00 

33.68 
13.51 
1.32 
7.69 
10.47 
2.94 

36.70 

M  ta 

3.93 
7.80 
10.47 
5.56 

35.37 
26.52 
4.00 
9.11 
10.41 
4.59 

35.38 
29.68 
4.00 
14.86 
10.47 
4.76 

37  02 
31.23 
4.00 
11.84 
11.92 
5  21 
2.17 
4  70 
31.53 

39  06 
33  74 
3.68 
11  84 
16.95 
5.68 
8.62 
4.86 
34.42 

67.23 

..-.   7. 
3  69 
11.76 
17.30 
5  72 

4.92 
34.67 

37.20 

Manufacturers'  Junction  Ry  

Michigan  Central  R,  R  

12.49 
1.39 
14.36 

7.34 
9.54 
3.08 

7.32 
9  89 
3.13 

Minneapolis,  St.  Paul  A  Sault  Ste.  Marie  Ry  

New  York,  Chicago  A  St.  Louis  R.  R  

Pere  Marquette  R.  R  

7.71 
29.73 

3.67 
17.84 

3.37 
18.44 

4  01 
20.60 

3  90 

21  49 

4.03 
22.67 

3,96 
28.88 

4.92 
26.43 

Pittsburgh,  Fort  Wayne  A  Chicago  Ry.^  

Pullman  Railroad  

Wabash  Railroad  

6.36 

3.22 

3.17 

3.67 

3.67 

3.67 

s'.ia 

3.63       3.03 

3  03 

3  54 

Total*   

383  .54 

474.99 

I'.i'.i  s:, 

MO  02    616  96 

710.31 

713  40 

-    771  27 

903  87 

988  22 

TABLE  CXCIX.     TRACK  MILEAGE  OF  STEAM  RAILROADS  (MAIN  TRACK  AND  SIDINGS)  IN  ZONE  B  IN  ILLINOIS  AND  INDIANA* 


Railroad 

Main   Track  and   Sidings  —  Miles 

1889 

1903 

1904 

1905 

1906 

1907 

1908 

1909 

1910 

1911    |    1912 

1 

2 

3 

4 

5 

6 

7 

8 

« 

10 

11           13 

Atchison,  Topeka  A  Santa  Fe  Ry  t 

25.61 
52.64 
39.82 

.s   LM 
47.24 
112.51 

8.22 
47.10 
115.36 

8.68 
43.74 
124.63 

14.85 
43.98 
128.01 

15.31 
44.01 
130.20 

15.16 
44.01 
132.92 

15   16       IS.  19       15  18     14.08 
4403      44.03      4403     44.03 
131.55    129.86    129  67  130.85 

Baltimore  A  Ohio  R.  R  

Calumet,  Hammond  A  Southeastern  R.  R  

2.72 
12.58 

2.72 
12  58 

5  51 
12.56 

5  26 
12.68 

624       508 
2453     3041 

Chicago  A  Alton  R.  R".    ,  ,    ,  ,  ,  

13.49 

11.31 

12.66 

12.57 

12  58 

Chicago  A  Calumet  River  R.  R  

23  16 
16  39 

38  ie 

24.66 

38.60 
24.66 

38.67 
25.38 

67.40 
33.53 
8.59 
88.88 
18.19 
70  01 
6.95 
22.40 
21.99 

67.67 
33.56 
10.23 
89.57 
18.19 
78.61 
6.95 
85.19 
22.29 

69.09 
34.07 
10.54 
78.73 
18.19 
78.90 
7.12 
89.91 
22.29 

09  45 
32.23 
10  45 
79.39 
18.19 
78.91 
9.06 
99.17 
23.28 

69.45 
32  23 
10.45 
83  00 
18.19 
81.39 
10.07 
99.75 
24  32 

09.45     69.60 
3276     35.37 
10.45     10.45 
97.63  134.98 
18.19     19.13 
82  16     84.96 
15  24      15.24 
104  65  112  60 
24.40     2440 

Chicago  A  Erie  R  R 

Chicago  A  Illinois  Western  R.  R  

68.87 
127  04 
42.64 
5.89 

42.99 
16.23 
71.84 
6  90 
16.34 
7.78 

51.89 
16.23 
72.46 
7.04 
16  24 
16.14 

59.34 
16.07 
69.80 
6.95 
19  96 
21.72 

Chicago  A  Western  Indiana  R.  R.  and  the  Belt  Ry.  of  Chicago 

Chicago  Great  Western  R  R           

6.06 

Chicago  Junction  Ry  '.  

Chicago,  Milwaukee  A  St  Paul  Ry  

67.35 

32.60 

32.  ii 

33.80 

33.69 

34.07 

35  01 

36.03 

32  56 

7445!    75.43 

Chicago  River  A  Indiana  R.  R  

Chicago,  Rock  Island  A  Pacific  Ry       

78.53 

50  91 

61.11 

51.41 

51.41 

61.40 

61.41 

51.39 

51  39 

5238     6238 

Chicago  Short  Line  Ry  

92  20 

92.20 

92.20 

92.20 

92  20 

92  20 

92  20 

92  20 

9220    9221 

Chicago,  West  Pullman  A  Southern  R.  R  

Elgin,  Joliet  A  Eastern  Ry  

1.72 
49  01 
58.65 

49.17 
33.51 
29.96 

52.80 
33  51 
36.61 

54  32 
33  51 
36.61 

62.11 
33.53 
36.72 

66.84 
33  64 
36.72 

68  06 
33  52 

36  80 

88  62 
33.60 
36  89 

98  33 
33  52 
37  43 

131.88.  165  05 
33  41     33  82 
37.43    4066 

Illinois  Central  R.  R  t                                

Indiana  Harbor  Belt  R  R            

88.03 
33  84 

88.64 
34.34 

89.54 
35.05 
1.14 
20.89 
22.66 
9.38 

89.15 
46.37 
2.20 
20.50 
26.18 
9.32 

96.77 
59  49 
6.09 
24.11 
25.18 
11.94 

93.80 
59.30 
5.70 
31.72 
25  12 
16.89 

93.81 
62  43 
5  76 
30.05 
25.18 
17.11 

96.46 
70.12 
5.76 
33  69 
20  63 
17.66 
2.17 
23.14 
66.34 

97.49  127  71 
7263     7547 
534       5.36 
33.59     33  36 
3146     3180 
18.03     18.12 
862       862 
2330     2336 
69.22     0948 

63  46 

Michigan  Central  R  R                                              ...           .... 

26.16 
8.03 
31.75 

20  22 
17.84 
9.46 

20.13 
20.62 
9.61 

New  York  Chicago  A  St   Louis  R  R                      ....           .    . 

Pere  Marquette  R  R          

34.16 
79.98 

22.11 
52.13 

21.81 
52.79 

22.46 
64.95 

22.34 

65.84 

22  47 
57.78 

22.40 
63.99 

23.36 
61.26 

Wabash  Railroad      .                

16.30 

10  08 

10.63 

15.28 

lo.28 

15.28 

16.24 

15  24 

15  24 

15.24,    15.16 

Totato  

937.19  946  70!  983.31  1.020.6O  1,133.26  1.250.56    ,2t!7..M  1.307.76  1.337.20  1.471  . 
boundary           t  DecnM*  or  increase  due  to  change  in  classification. 
"rind1*^           t  Include*  charter  line  which  pays  no  taxes  to  Cook  County 
Zone  B.              '  Inclodm  Pennsylvania  R.  R.  branches. 

*  In  1889,  "Zone  B  in  Illinois"  refers  to  the  territory  between  the 
line  of  the  Area  of  Investigation  and  the  city  limits  o{  Chicago  as  ex 
I,  1889.     For  all  other  years  the  two  Zones  were  the  same  as  at 
;he  Committee's  statistical  year,  19x2.     Morgan  Park  is  includedin 
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TABLE  CC.    TRACK  MILEAGE  OF  STEAM  RAILROADS  (FIRST  MAIN  TRACK)  IN  ZONES  A  AND  B  IN  ILLINOIS  AND  INDIANA 


Railroad 

1  ,r,t    M. 

lin  Trac 

k     Mil- 

i 

1889** 

1903 

1904 

1905 

1906 

1907 

IMS 

1909 

1910 

1911 

1912 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

10.10 

13.69 

13.69 

13.69 

13.69 

13  69 

13  69 

1.1  • 

1  .  71 

13  71 

12  32 

Baltimore  A  Ohio  R   R                                           . 

17.12 

19.30 

19.30 

19.27 

19.27 

19.27 

19.27 

19  27 

19.27 

19.27 

r.'  _•; 

Baltimore  A  Ohio  Chicago  Terminal  R.  R  

24.88 

70.34 

,..,  7, 

67.40 

•7    II 

67.43 

67.43 

67.06 

67.06 

64.40 

n  M 

i  21 

2.64 

2.64 

2.64 

2.64 

2  62 

1  46 

Chicago  A  Alton  R  R. 

12  68 

12.67 

12.67 

12  .6i 

12.67 

12.67 

12.67 

12.67 

12.67 

12.67 

12  67 

1  68 

1  68 

1  68 

3.54 

3.54 

3.54 

3.  54 

3  54 

3.54 

3.541 

3  54 

3.64 

3.64 

3  54 

Chicago  &  Erie  R.  R.            ...                 

4.28 

4  28 

4.28 

4.28 

4  25 

4.28 

4  28 

4.28 

4.28 

4.25 

4.28 

6.94 

8.1* 

8.17 

in  :« 

10.30 

10.30 

10  30 

Chicago  A  North  Western  Ry  

42.05 

49.74 

53.85 

53.85 

53.85 

64.03 

54  .OB 

54.09 

64.09 

54  09 

;,!  ii'. 

Chicago  A  Western  Indiana  R.  R.  and  the  Belt  Ry.  of  Chicago.  . 

47.89 
13  80 

47.36 
13.80 

47.36 
13.80 

47.36 
13.80 

47.36 
13.80 

47.36 
13.98 

47.36 

1  :  ... 

47.36 
13.98 

47.36 
13.98 

47.36 
13.98 

47.36 

!  ,   'is 

Chicago  Great  Western  It   R. 

I  •"• 

i  M 

i    ••- 

4.98 

4.98 

4  98 

4.98 

4.98 

4.98 

4  98 

1    •'- 

4.82 

4.88 

4.86 

4.51 

11.86 

11.28 

13.70 

13.70 

13.62 

13  83 

4  06 

4  06 

4.06 

4.06 

4.06 

4.06 

4.06 

4.06 

4.06 

4.06 

1   in. 

11.91 

11.91 

11.91 

11.91 

11.91 

11.91 

11.6; 

11.5; 

11.65 

11.31 

42  28 

41.00 

41.00 

41.00- 

41.00 

41.00 

41.00 

41  .02 

41.03 

41.03 

1  1  Ot 

2  24 

Chicago,  Rock  Island  A  Pacific  Ry  

23.18 

23  15 

LM    I'l 

23.15 

23.15 

23.16 

23.16 

23.12 

23.  io 

23.16 

23.15 

0.91 

0.91 

0.91 



0  91 

Chicago  Union  Transfer  Ry  

7.  00 

7  66 

7.66 

7.00 

7.00 

7.00 

7.00 

7.00 

7.00 

7.28 

Chicago,  West  Pullman  A  Southern  R.  R.  

1.13 

1.17 

1.17 

1  17 

Elgin,  Joliet  A  Eastern  Ry. 

1  26 

21  23 

21  23 

21  14 

21  05 

21  05 

21.05 

n  -• 

23  02 

LV    M 

'  ;  s-. 

Grand  Trunk  Western  Ry  

21  42 

21  :H 

Jl  :u 

21.34 

21.34 

21  35 

21.35 

21  35 

21.37 

21  37 

J!    .17 

Illinois  Central  R.  R.t  

32.92 

ii  ii 

44   It) 

44.19 

44.19 

43.78 

43.78 

43.78 

43.78 

43.78 

i  ;  -j 

19.79 

12  25 

12.25 

12.15 

4.51 

4.11 

4  11 

4  11 

4  11 

Indiana  Harbor  Belt  U.K.           ... 

40  .'1.1 

40  35 

10     I 

H    • 

;..    I 

40  44 

40  44 

40  44 

40  44 

41  92 

18  92 

18  92 

18  92 

:-  H 

I  .    .. 

I  .    I 

H   .. 

,.i 

n  j  . 

M  H 

,    „ 

0.94 

1.76 

1.76 

1.76 

1.76 

1.76 

1  76 

•.  ii 

10  23 

in  20 

10.2O 

10  20 

11  95 

14.68 

14.99 

14.59 

14.59 

14  58 

Minneapolis.  St  Paul  A  Sault  Ste    Marie  Ry.. 

..    r,| 

7  3S| 

7  35 

7  35 

7  35 

7  35 

7  35 

7  36 

7  35 

7  25 

7  26 

New  York,  Chicago  A  St.  Louis  R.  R  

15  07 

15  07 

15  07 

16  07 

15  07 

15.07 

15  07 

16.06 

14.37 

14  37 

14  37 

Pere  Marquette  R.  R  

Pittsburgh,  Cincinnati,  Chicago  A  St.  Louis  Ry.^      ... 

29  14 

29.14 

29  14 

29  14 

29.14 

29  11 

29.13 

29  io; 

29  18 

"I       ]X 

Pittsburgh,  Fort  Wayne  A  Chicago  Ry.|  

42  94 

50  54 

50  00 

50.  60 

SO  60 

51  36 

51.35 

51.09 

51  07 

61  06 

11   II, 

2.71 

2  71 

Wabash  Railroad  

9  94 

ii  ii 

12.38 

ii'.ss 

12.38 

12.38 

12.88 

12.38 

12.38 

U  H 

u  H 

TotaU.  

|         r 

...   •  . 

•                     7 

.    |  , 

629  62 

.  ;  M 

I  i  1  1 

IM  "7 

661  78 

661  41 

654  96 

TABLE  CCI.     TRACK  MILEAGE  OP  STEAM    RAILROADS  (SECOND    MAIN    TRACK)  IN  ZONES  A  AND  B  IN  ILLINOIS  AND  INDIANA 


Railroad 

Second  Mala  Track—  Mil*. 

1889** 

1903 

1904 

1906 

1906 

1907 

1908 

1909 

1910 

1911 

1912 

1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

6.75 
U  M 

34.68 

5.76 
19.26 
38.10 

6.07 
19  23 
40  07 

12.29 
19.23 
40  09 

U  H 
19.23 
41.17 

12.23       1223 
19.23      19.23 
46.46      4505 

12.26 
19  23 
45.13 

12.26 
19.23 
46.13 

12.24 

i"  n 

43  25 

Baltimore  A  Ohio  R.  R  

17.08 

14.74 

Baltimore  A  Ohio  Chicago  Terminal  R.  R.  

Chicago  A  Alton  R.  R".  

12.21 

5.55 

6.56 

6.66 

12  67 

12.67 

1267      12.67 

12.67 

12.67 

12  67 

Chicago  A  Calumet  River  W  .  R  

3.54 

3'  55 

3.65 

3.56 

3.55 
2.26 

3.66 
2  26 

355       3.56 
2  26       2  26 

3.56 

2  26 

3.56 
2.  82 

3.55 
2.89 

Chicago  A  Erie  R.  R  

Chicago  A  Illinois  Western  R.  R  

Chicago  A  North  Western  Ry.  

41.29 
31.11 
13.80 

49  01 
41.41 
13.80 

53.09 
41.41 
13  80 

63.09 
41.41 
13.80 

63.09 
41.41 
13  80 

63.26 
41.41 
13.98 

53.33 
41.41 
13.98 

53.33 
41.41 
13.98 
0.06 
5.44 

63.33 
41.41 
13.98 
0.82 
6.44 

53.14 
41.41 
13.98 
4.98 
5.44 

102  .39 
41  41 

:tl!  77 
4  98 
5.67 

Chicago  A  Western  Indiana  R.  R.  and  the  Belt  Ry.  of  Chicago. 

Chicago  Great  Western  ll.  R  

4  '.78       4.84 

4.84 

3.50 

5.44 

5.44 

11.20 
37.64 

11.20 
37  54 

11.20 
37.54 

11.20 
37.64 

11  20 
37.64 

11.20 
37.54 

9.69 
37.56 

16.86 
37.68 

10.86 
37.58 

10.86 
17   IB 
0.81 
22  44 

Chicago,  Milwaukee  A  St.  Paul  Ry  

25.13 

Chicago  River  A  Indiana  R.  R  

Chicago,  Rock  Island  A  Pacific  Ry  

17.18 

22.44 

22  44 

22.44 

22.44 

22.44 

22.44 

22.44 

22.44 

22.44 

Chicago  Short  Line  Ry  

Chicago  Union  Transfer  Ry  

4.01 

4  01 

4.01 

4  01 

4.01 

4.01 

4.01 

4.01 

4.01 

4.05 

Chicago,  West  Pullman  A  Southern  R.  R.  

Elgin,  Joliet  A  Eastern  Ry  

9.47 
21.34 
30.95 

9.47 
21.34 
30  99 

9.50 
21.34 
30.99 

9.60 
21.36 
30.99 

9.60 
21  36 
30.99 

9.60 
21.34 
30.99 

12.17 
21.34 
30.99 

12.75 
21.34 
30.99 

12.99 
21.34 
30  99 

15.29 

.•i  ,;i 
34.91 

Grand  Trunk  Western  Ry  

3.82 
24.85 

Illinois  Central  R.  R.J  

Illinois  Northern  Ry.*  

Indiana  Harbor  Belt  R.  R  

24.83 
18.92 

25.06 
18.92 

25.33 
18.92 

25.33 
22.78 

29.93 
22.78 

28.67 
22.76 

28.67 
22.77 

28.67 
23.88 

28.67 
23.88 

29.12 
24.31 

Lake  Shore  A  Michigan  Southern  Ry  

7.33 

Manufacturers'  Junction  Ry  

Michigan  Central  R.  R  

5.09 

10.22 
0.95 

10.15 
3.38 

10.18 
5.40 

10.18 
7.36 

11.93 
7.36 

16.96 
7.36 
14.67 

14  94 
7.36 
14.62 

14.58 
7.36 
14.00 

14.68 
7  25 
14  00 

14  57 
7.26 
14.01 

Minneapolis,  St.  Paul  A  Sault  Ste.  Marie  Ry  

New  York,  Chicago  A  St.  Louis  R.  R  

2  32 

Pere  Marquette  R.  R  

Pittsburgh,  Cincinnati,  Chicago  A  St.  Louis  Ry.l  

11.73 
13.55 

26.79 
28.00 

26.79 
28.00 

26.79 
28.00 

26.79 
28.00 

28.79 
28.00 

26.79     26.80 
28.03      28.00 

26.83 
28.01 

26.84 
28.01 
1.24 
9.07 

26.84 
28.01 
1.25 
9.07 

Pittsburgh,  Fort  Wayne  A  Chicago  Ry.f  

Pullman  Railroad  

Wabash  Railroad  

9.08 

9.08 

9.08 

9.07       9.08 

9.07 

Totals  

244.77 

424.35 

434.64 

448.33 

468.39 

478.11 

600.79   499.65 

502.44 

608.35 

682.68 

*  Decrease  or  increase  due  to  change  in  classification.                                                *  Includes  Englewood  Connecting  Ry. 
t  Increase  due  to  St.  Charles  Air  Line.                                                                          $  Includes  all  Pennsylvania  R.  R.  branches  except  Englewood  Connecting  Ry. 
t  Includes  charter  line  which  pay,  no  ta.es  to  Cook  County.                                    *  'fcl!a3*lS£Sl  Park  b'not^edlnln'e'A  ^^  ^  ""^ 
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TABLE  CCII.     TRACK  MILEAGE  OH  STEAM  RAILROADS  (SIDINGS)  IN  ZONES  A  AND  B  IN  ILLINOIS  AND  INDIANA 


Railroad 

Siding*—  Mile* 

1880»» 

1903 

1004 

i  

;  

1007 

im 

I9M 

1910 

1011 

1912 

1 

a 

3 

4 

6 

6 

7 

8 

0 

10 

11 

12 

Atchison,  Toneka  A  Santa  Fa  Ky.*  .  . 

.•:  •'> 

20.81 
29  00 

II    ... 

i>.  r.s 

40.51 

!•'   '.1 

l"  7  : 
i.,  M 
100  47 

IJ  71 
P.  M 

int  M 

46.40 
47  32 

p».  H 

r,  •/. 
104  99 

i-  M 

17    Hi 

IM   H 

M  71 
47.80 
109   M 

54  76 
47  80 

KM  n 

7  14 

n 

17   ... 

1.20 

•    •    .7 

2  31 
388.14 

104.56 
188.01 

u  n 

20.34 
120.12 
IM    17 

H     .7 

a  •• 

110  24 

1  M 

I  M 

.,   -  ; 
1.20 

•  .    1  , 

H  M 

2  31 
332.07 

211.11 

144    :: 

U   -- 

H    :t 

a  .  n 

197  -7 
1.07 
122  54 
3  21 
87.60 

i  ••.  M 
37  22 
270    H 
5.78 
71.06 

tu  n 

4.22 
H  •- 
17.  3O 
32.07 
8.62 

1..I  60 
2.58 
32  21 

Hiilumore  4  Ohio  K.  II  

llultimore  A  Ohio  Chicago  Terminal  R.  R. 

Chesapeake  A  Ohio  Ry.  of  Indiana 

0.08 
34.08 

0.08 
34.11 

2  87 
34.39 

2.62 
34  61 
1.20 

2.31 
277.12 

180.03 

1117    > 

!.-.  n 

80.61 

116.42 

1  -.  :    .  . 

Chicago  A  Alton  R.  R  

21.04 

38  04 

33.29 

33.30 

34.08 

Chicago  A  Calumet  Hiver  R.  R.  .  .    . 

16.90 
12.11 

43.34 
20.38 

38.27 
20.38 

38.36 
21.10 

67  23 
27.02 
1.68 

m  M 

150.03 
137  35 
18.04 
14.39 

!7  n 

132.24 
133.68 

67.53 
27.02 
2.00 
270.04 

178.03 
142.12 
18.04 
.,7  N 
18.23 
133.57 
136.01 

68.90 
27.63 
2.40 

178.04 
147.21 
-•-•  19 
73.19 
18.23 
185.98 
137.95 

69.26 

2.31 
270.41 

179  04 
148.86 
24.07 
80  03 
19  22 
112.00 
140.  26 

Chicago  A  Krie  K.  K.                .    . 

Chicago  A  Illinois  Western  R.  R  

Chicago  A  North  Western  Hv 

118.74 

82.80 
92.65 
0.91 

183.77 

125.75 
131.58 
7.81 
6  74 
3.72 
111.43 
126.29 

189.04 

145.31 
134.18 
17.97 
6.62 
12.08 
119.17 
125.74 

234.68 

146.15 
137.14 
17.90 
10.26 
17.66 
123.73 
128.95 

Chicago  A  Western  Indiana  R.  R.  and  the  Belt  Ky. 

Chicago,  Burlington  A  Quinry  R.  R.t  

Chicago  Great  Western  R.  R. 

Chicago,  Indiana  A  Southern  R.  K  

2.60 

Chicago  Junction'  Ry  ',  

Chicago,  Milwaukee  A  St.  Paul  Ry  

10  Jl 

Chicago  River  A  Indiana  R.  R  

Chicago,  Rock  Island  A  Pacific  Ry  

60.  8J 

116.62 

116.82 

117.99 

117.99 

118.93 

118.94 
3.21 
87.44 
0.99 
56.76 
32  81 
255.71 

118.97 
3  21 
87.44 
0  89 
72.81 
32.91 
257  94 
2.32 
37  12 
104.20 
4.92 
60.46 
10.47 
31.70 

120.52 
3.21 
87.44 
0.80 

-1     :. 

ta  M 

jv.  U 
5.75 
H  M 
109.83 
4.02 
H  M 
11.92 
31  20 
2.17 

127.63 

122.62 
3.21 
87.76 
0.80 
114.84 
13  .08 
270.65 
5.75 
41.13 
IM  H 
4.21 

n  M 

16.95 
31.67 
8.02 

181  M 

2  58 
32  31 

Chicago  Short  Line  Ry  

Chicago  Union  Transfer  Ry  

87.44 
1.64 
36.93 
34.12 
207.24 

87.44 
1.64 
39.21 
34.12 
243.52 

87.44 
1.54 
42  04 
34.12 
245.05 

87.44 
1.54 
p.  M 
34.12 
247.93 

87.44 
1.54 

:.-,  -,i 
34.12 
251  .62 

Chicago,  West  Pullman  A  Southern  R.  R. 

Elgin,  Joliet  &  Eastern  Ry  

0  46 

23  77 
69.90 

Grand  Trunk  Western  Hy  

Illinois  Central  R.  R.  t  

Illinois  Northern  Ry.*  

Indiana  Harbor  Belt  R.  R  

33.10 
1]   M 

33  48 
84.14 

34  07 
U  1'. 
0.28 
50.68 
9.91 
31.23 

33.68 
M  PI 
1.32 
BO  ."i 
10.47 
32.07 

36.70 
100  48 
5.09 
50  40 
10.47 
35.11 

37.11 
101  .65 
5.04 
52.16 
10.41 
31.55 

Lake  Shore  A  Michigan  Southern  Ry  

49.39 

Michigan  Central  R.  R  

12.49 
1.39 
14.66 

49.70 
9.54 
27.79 

49.85 
9.89 
29.91 

Minneapolis,  St.  Paul  A  Sault  Ste.  Marie  Ry.  .  .  . 

New  York,  Chicago  A  St.  Louis  R.  R  

Pere  Marquette  R.  R  

Pittsburgh,  Cincinnati,  Chicago  A  St.  Louis  Ry.^f   .  . 

30.44 
44.66 

65.13 
96.99 

68.18 
102  .76 

71.16 
101  .72 

73.82 
116.31 

78.26 
112.63 

84.27 
118.27 

84.84 
117.14 

Pittsburgh,  Fort  Wayne  A  Chicago  Ry.J.    .    .          . 

Pullman  Railroad  

Wabash  Railroad 

6.36 

23  12 

25.74 

26  B9 

32  .35 

32.35 

32  31 

32  31 

32  30 

Totals  

S(l!l   !.-, 

1.852  84 

1.1147  711 

j.i«.-,  i:. 

2.1SO  41  2.:m  .-,1 

2.:«»  («  •2.:m<  •<" 

j.7ii.-.  .v; 

2.749  95 

TABLE  CCIII.     TRACK  MILEAGE  OP  STEAM  RAILROADS  (MAIN  TRACK  AND  SIDINGS)  IN  ZONES  A  AND  B  IN  ILLINOIS  AND  INDIANA 


Railroad 

Main  Track  and  Sidings—  Miles 

1889" 

1«03 

1904 

1905 

1906 

1907 

1908 

1909 

1910 

1911 

1912 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Atchison,  Topeka  A  Santa  Fe  Ry  .*  

38.04 
55.01 
68.63 

64.00 
88.34 
193.75 

59.95 
88.20 
196.86 

60.49 
M   M 
207.94 

68.63 
85.08 
212.36 

72.41 
85.82 
214.92 

71.61 
85.82 
218.88 

74.80 
85.90 
217.69 

75.72 
86.39 
215.17 

80.72 
86.39 
215  73 
7.14 
6.24 
72.99 
2.97 
76.36 
32.76 
12.61 
495.37 

283.33 
183.64 
26.72 
!•   !   • 
24  40 
142.61 
275.08 

83.13 
H     . 
211   -: 
7.14 
5.08 
81.17 
2.97 
7'     -J 
35.37 
12.61 
488.55 

299.88 

:  ••     - 

M  M 
112.60 
24  40 
:  11  H 
276.49 
4.12 

!  '  - 

4.12 

H    . 
2  06 
17     71 

7  ••     • 

349.11 
0.80 
141.1 

u  -  . 

•>«     - 
U   - 
60  45 
8  62 
141  57 
214  07 
6.55 
53  66 

3.9X7  48 

Baltimore  A  Ohio  R.  R  ".  

Chesapeake  A  Ohio  Ry.  of  Indiana  

2.72 
59.42 

2.72 
59.45 

5.51 
59.73 

5  26 
59.85 
2.97 
76  35 
32  23 
12.61 
384.54 

268.80 
1  .'.    M 
21.12 
99.75 
24.32 
138.85 
232.10 

Chicago  A  Alton  R  R 

46.53 

56.26 

51.51 

51.52 

59.42 

Chicago  A  Calumet  River  R.  R  

23.98 
16.39 

50.43 
24.66 

45.36 
24.66 

45.45 
25.38 

74.32 
33.53 
8.62 
377.92 

244.80 
164.95 
23.02 
22.40 
21.99 
155.35 
212.12 

74  62 
33.56 
10.26 
386.33 

266.80 
170  08 
23.02 
85.19 
22.29 
156.68 
214.55 

75.99 
34.07 
10.57 
373.99 

266.81 
175.17 
27.17 
89.91 
22.29 
159.09 
216.49 

76.35 
32  23 
12.61 
377.83 

267.81 
176.82 
29.11 
99.17 

133  32 
218.84 

Chicago  A  Erie  R.  R       .      . 

Chicago  A  Illinois  Western  R.  R  

Chicago  A  North  Western  Ry.            

202.08 

161.50 
120.25 
5.89 


282.52 

214.52 
159.18 
12.79 
16.34 
7.78 
134.54 
204.83 

295.98 

234.08 
161.78 
22.95 
16.24 
16.14 
142.28 
204.28 

341.62 

233.92 

164.74 

.,_,  s, 

I'l  '.HI 
21.72 
146.84 

m  i1  > 

Chicago  A  Western  Indiana  R.  R.  and  the  Belt  Ry. 

Chicago  Great  Western  R    R.    .                          ... 

6.66 

Chicago,  Milwaukee  A  St    Paul  Ry. 

137.24 

Chicago,  Rock  Island  A  Pacific  Ry.                           . 

101.17 

162.21 

162.41 

163.58 

163.58 

164.52 

164.53 
4.12 
N  r. 
0.99 
87.31 
75.50 
HO   :- 
4.51 
106  22 
149.71 

82.70 
25.12 
61.21 

164.56 
4.12 
H  U 
2  06 

11)7  -7 
75.60 
332  71 
6.43 
106  23 
152  27 
6.68 
M    • 
M  U 
61.38 

166.11 
4.12 
98  45 
2.06 
117.12 
75.65 
334  23 
0.86 
108.01 

iao  a 

.  .  | 

^7  n 

--  • 

50.57 
2.17 
141.81 
206  71 

168.21 
4.12 
98  77 
2.06 
150  67 
75.79 
Ml    U 

110.24 
[•   . 
5.97 
87  71 
31.45 
60  04 
8.62 
:r    N 
211  06 
6  S3 
-' 

98.45 
1.54 
67.63 
76.80 
282.63 

98.45 
1.54 
69.91 
76.80 
318.70 
19.79 

121.98 

98.45 
1.54 
7J  M 

7.,   M 

sap  a 

12.25 
M  7'' 
123.30 
1.14 

71   M 

46.30 

98.45 
1.54 
80.47 

n  sa 

323.11 
12  25 
N   I" 
i-;t  B7 
2.26 
7l)  f,7 
25.18 
47.14 

98.45 
1.64 

7n  u 

.:..,  M 
12.15 
107.02 
!  l-i    M 

74.28 
25  18 
50.18 

Chicago,  West  Pullman  A  Southern  R.  R  

1.72 
49.01 
127  67 

Grand  Trunk  Western  Ry  

Illinois  Central  R    R  t 

Indiana  Harbor  Belt  R  R 

98.28 
119.40 

75.64 

Michigan  Central  R.  R  

27.56 
8.03 
32.05 

70.15 
17.84 
42.86 

70.20 
20.62 
44.98 

Minneapolis,  St.  Paul  A  Sault  Ste.  Marie  Ry  
New  York,  Chicago  A  St.  Louis  R.  R  

Pere  Marquette  R.  R  

Pittsburgh,  Cincinnati,  Chicago  A  St.  Louis  Ry  .1  .  .  . 
Pittsburgh,  Fort  Wayne  A  Chicago  Ry.J  

71.25 
101.14 

121.06 
175.53 

124.11 
181.36 

127.09 
180.32 

129.75 
104.91 

134.19 
191.99 

140.17 
197.65 

i40.77 
196.23 

Pullman  Railroad  .  .  . 

Wabash  Railroad  

io'.SO       35.50 

38.12 

48.15 

83.81 
3.278  42 

53.81 
3.436.70 

83.76 

S3  77 

53  75 

Totato  

1,493.74  2.870  82 

3.008.13 

3.100  13 

3.479  263.515  70  3..W2  HO  3.865  32 

*  Decrease  or  increase  due  to  change  in  classification.                                                 ' 
t  Increase  due  to  St.  Charles  Air  Line.                                                                         , 
$  Includes  charter  line  which  pays  no  taxes  to  Cook  County. 

Include*  Englewood  Connecting  Ry. 
Includes  all  Pennsylvania  R.  R.  branches  except  Englewood  Connecting  Ry 
'Figure]  for  1889  include  only  the  territory  within  the  Chicago  city  limits 
May  I.  1889.     Morgan  Park  is  not  included  in  Zone  A. 
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TABLE  CCIV.     TOTAL  MILEAOE  OP  TRACK  OF  STEAM  RAILROADS  WITHIN  THE  AREA  OF  INVESTIGATION 


Location 

1888 

1903 

1904 

1905 

,  „., 

MM 

not 

1000 

1910 

1011 

1012 

i 

2 

3 

IU 

U 

12 

Firat 

Main   Track 

Zone  A,  City  of  Chicago     

69.44 
307.31 

<;_'  _•? 
•M'.t  :>.x 

I  I'J  02 

304.93 

190.93 
10(1  77 
207  70 

iitu  ti  . 

325  41 
[93  11 
107  SI 

300  32 

.  J  .    7 

317  94 

:  •    M 

KM  :• 

NB.TI 

:i!7  117    317.82 
MO  04    202  99 
110  71     Ut  24 

311  .6.1 

.     -11   (IS 

:ui  :ts 

202  71 

.,  i   i; 

314.40 

m  -. 

:t:u  1.7 

,  if.  1.7 

314  73 

...  .    ,  i 

134  O4 

.,  .1    7- 

317  66 

20U.13 

tu.ii 

Ml  11 

:i:.ii  7u 

201  02 
i:«  14 
•M4    1C, 
604  M 

Zones  A  and  B                                          .              

Second   Main 

Ttmek 

Zone  A,  City  of  Chicago     

60  70 

111'.)    IK 

14.89 

184  07 
244  .77 

250.28 
1LM  71 
49.36 
174  .07 
;.  ;  U 

251.50 
Itt.n 

49.42 
183.14 
IM.M 

256  46 
142  45 
49.42 
191  87 
44M  33 

150.45 
54.20 
MM  •  • 
468.39 

•  ;  • 
155.94 
58.08 
.•ii  M 
478.11 

274.74 

162  05 

..1  DO 

.'.••   0 
500  79 

273.64 
158.11 

<  7  tO 

.  .••  91 

i  1 

273.56 
1H   11 
69  73 

•<•-•   ii 

-71  7 

M  :  '"• 

1  :  1  U 

:n:,  :u 
194.83 
72.62 
.'••7  U 

Zones  A  and  B  .  . 

Hi  m 


Zone  A,  City  of  Chicago 

Zone  B  in  Illinois 

Zone  B  in  Indiana 

Zone  B  in  Illinois  and  Indiana. 
Zones  A  and  B 


426.41  1377  851447  91  1505  13  1563  45  1604.23  1625.63  1619.90  1667  41 


350  16 


344  78 
130  21 


142  91) 


373  02 
157  00 


i  -   7- 
177   18 


383.54    474.99    499.85    &3O.02    616.06 

MM.MU*  a  M  n>n  71  n  !  it  im 


1801.69  1761.73 

458.30    446.59    454  40  457.13   54202    587  23 
1    267.81    295.89   314  14    360.05    4O0.09 
7l(i  31    713.40    750  08   771 
41  2314. 54  2330 .03  2360  .08  2438  682705.662749.06 


Main   Traek   and   Sidings 


Zone  A,  City  of  Chicago 

Zone  B  in  Illinois 

Zone  B  in  Indiana 

Zone  Bin  Illinois  and  Indiana. 
Zonea  A  and  B 


556  55  1933  06 2024.822079. 53  2145. 16  2186. u'2211 . 75  2207 .04  2266 .70  2394 .06 2897 .86 


110  54 

•i.(7  .I'.i    946.76 


.....     !  .. 

• 


68339  70942  791.17  817 
29992  311.18  34209  433 
9X3  31  1020  60  1133.26  1250 


810.35    815.32    819.29    906.14    983.08 
457.16    492.44    517.91    565.10   606.66 
IJ1267.51  1307.76  1337 .201 1471. M  ISM .71 


1493  74  2879.823008.133100  13  3278  42  3436  703479.26  3615.70  3592  90  3868.823987  58 


TABLE    CCV.     INCREASE    IN    THE  MILEAOE  OF  RAILROAD  TRACK  WITHIN  THE  AREA  OF  INVESTIGATION 


Location 

Mile,  of  Main  Track 
and  Sidings 

Increase 

1880 

1003 

1912 

1NMI  to  1003 

1003  to  1912 

1889  to  1012 

Miles    |  P. 

Mil-* 

I'.r  .    .„. 

1 

a 

S 

4 

1376.51 
•  IM  1 
17.V80 
9  67 

•    -.      - 

6 

7 

N 

24.05 

is.ao 

111.90 
17   ... 

i*    :•• 

9 

10 

556  55 
110  54 

•.-.  ,   ;i 

1933.06 
660.42 

M      i 

.;•    ;• 
:>;•.  -. 

.'  -•:  - 
MS.M 

i  m  ~ 

.-:   -- 

247.30 

159  .OH 
1.02 

••.•  v. 

IM    7. 

:i.ii  :u 
Ml  ••! 

\  11)7    7. 

1841.30 
156  43 
496.11 
Ml  '-I 

m  .  -i 

18.91 

ii-  n 
'•  -  in 

Zone  B  in  Illinois  

Zone  B  in  Indiana  

Zones  A  and  B  

*  Decrease 


track  per  square  mile  of  area),  the  areas  of  the 
zones  were  assumed  to  be  the  same  for  1903  as 
for  1912;  hence  the  percentage  of  increase  in  the 
density  of  trackage  is  the  same  as  the  percentage 
of  increase  in  the  mileage  as  shown  by  table  CCV. 
The  same  agreement  also  holds  for  the  Area  of 
Investigation  as  a  whole  for  all  years.  The  den- 


sity of  railroad  trackage,  in  terms  of  miles  of  track 
per  square  mile  of  area,  is  shown  by  table  CCVI. 

203.04  Conclusions  with  Reference  to  Rate 
of  Increase  of  Railroad  Trackage:  The  increase 
of  track  mileage  within  the  Area  of  Investigation, 
during  a  period  of  years,  is  shown  graphically  by 
fig.  43i- 


TABLE  CCVI.     INCREASE  IN  DENSITY  OF  TRACKAGE  WITHIN  THE  AREA  OF  INVESTIGATION 


Location 

Area 
Square  Miles 

Average  Miles  of  Main 
Track  and  Sidings  per 
Square  Mile 

Increase  in  Density  of  Track 
Per  Square  Mile 

1889 

1903 
to 
1912 

1889  to  1003 

1903  to  1912 

l*Mi  to  1912 

1889 

1903            1912 

Miles 

Per  Cent 

M,l.~ 

Per  Cent 

Hsta 

1                                              2 

3                  4 

5 

6 

7 

8 

0 

10 

U 

12 

Zone  A,  City  of  Chicago 

43.9 
342.0 
42.4 
384.4 
428.3 

191.3 
194.6 
42.4 
237.0 
428.3 

12.65 
2.42 
2.61 
2.44 
3.48 

10.10 

3.39 
6.76 
3.99 
6.72 

12.54 
5.04 
14.30 
6.70 
9  30 

•2.53 
0.97 
4.15 
1.55 
3.24 

•19.95 
40.10 

;-,.,  i«i 
63.60 
93.10 

2.42 
1.65 
7.54 
2.71 
2.68 

ji  06 
48.80 

111      '.-(I 

:-    !M, 

a  .-,., 

•0.11 
2.62 
11.69 
4.26 
6.82 

•0.87 
KIN  U 

U*     M, 

171   M 
167.10 

Zone  B  in  Illinois  

Zone  B  in  Indiana  

Zone  B  in  Illinois  and  Indiana  .    . 

Zones  A  and  B  

*  Decrease. 


GROWTH  OF  THE  CHICAGO  RAILROAD  TERMINALS 
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FIG.  431.    INCREASE  OF  TRACK  MILEAGE  OF  THE  CHICAGO  TERMINALS 
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In  fig.  431,  curves  relating  to  the  approximate 
growth  are  shown  superimposed  upon  the  curves 
of  actual  growth  within  Zone  A  (City  of  Chicago), 
within  Zone  B  and  within  the  entire  Area  of  Inves- 
tigation. By  means  of  points  plotted  from  numer- 
ical values,  the  following  equations  were  obtained : 

Zones  A  and  B : 

T=288o  +  i23  Y 
Zone  A: 

T  =  1933+88.8  Y°-"« 
ZoneB: 

T  =947  +34-8  Y  •••» 

"T"  represents  the  number  of  miles  of  track  and 
"Y"  the  number  of  years  succeeding  1903.  For 
example,  the  year  1903  is  designated  as  year  zero, 
1904  as  year  one,  and  so  on.  The  first  equation 
shows  that  the  total  trackage  within  the  entire 
Area  of  Investigation  is  subject  to  an  annual  in- 
crement of  123  miles.  The  growth  of  trackage  in 
Zone  A  is  a  function  of  the  o.  754th  power  of  the 
number  of  years  succeeding  1903.  The  mileage 
in  Zone  B  has  increased  at  a  greater  rate,  the  rate 
being  a  function  of  the  i.32th  power  of  the  num- 
ber of  years  succeeding  1903. 

In  estimating  the  probable  extent  of  trackage 
for  any  future  year,  it  is  assumed  that  only  the 
total  mileage  of  track  within  the  Area  of  Inves- 
tigation need  be  considered,  since  it  is  improbable 
that  the  limits  of  the  city  will  remain  unchanged, 
and  since  the  trackage  which  will  be  involved 
by  electrification  includes  both  that  lying  within 
the  city  and  that  lying  within  the  territory  imme- 
diately tributary  thereto.  Predictions  of  future 
growth,  based  upon  the  assumption  that  the  mile- 
age will  continue  to  increase  by  increments  of  about 
123  miles  per  year,  are  presented  in  table  CCVII. 


TABLE  CCVII.     ESTIMATE  OF  FUTURE  GROWTH  OP  TRACKAGE 
WITHIN  THE  AREA  OF  INVESTIGATION 


team 

Per  Cent  of 

Year 

• 

IncreaM 

Timek 

over  1012 

1 

j 

g 

I'.MJ 

3.988 

1813                                 4,110 

3.1 

1914                                  4.235 

0.2 

1918                                1  150 

M 

1916                             1,480 

12.3 

1917                                I'"' 

16.fi 

1918                                  \~--, 

18.6 

1919                                1JBO 

21.8 

1920                                1  WO 

24.0 

1921                                 ..»•••. 

27.7 

1923                                  5.220 

30.8 

Thus,  in  1922  the  track  mileage  owned  by 
railroads  will  be  30.8  per  cent  greater  than  it  was 
in  1912.  The  average  number  of  miles  of  track 
per  square  mile  of  territory  within  the  entire 
Area  of  Investigation  will  increase  to  about  12.2 
in  1922,  this  being  somewhat  less  than  the  den- 
sity of  trackage  within  the  city  in  1912. 

203.05  Number  of  Passengers  Carried:  Sta- 
tistics covering  the  number  of  passengers  carried 
on  all  railroads  operating  within  the  Area  of  In- 
vestigation were  collected  by  the  use  of  "Form 
31,"  which  is  reproduced  as  fig.  432. 

The  number  of  tickets,  as  reported  on  this 
form,  was  assumed  to  be  the  same  as  the  num- 
ber of  passengers  carried.  There  were  25  rail- 
roads operating  passenger  service  within  the 
Area  of  Investigation  in  1912.  Of  these,  23 
carried  through  passengers  and  17  carried  sub- 
urban passengers.  Through  passengers  include 
those  carried  to  or  received  from  points  beyond 
the  limits  of  suburban  territory.  Suburban  pas- 
sengers are  those  carried  only  within  the  limits  of 
suburban  territory,  as  it  is  defined  by  each  road. 
The  outermost  suburban  stations,  as  reported  by 
the  operating  roads,  are  listed  in  table  CCVIII. 


TABLE  CCVIII.     OUTERMOST   STATIONS   OF   SUBURBAN    SERVICE  OF    RAILROADS   REPORTING   SUBURBAN    PASSENGERS 


:      • 


Division 


Outermost  Station 


Baltimore  &  Ohio  Chicago  Terminal  It.  K Chicago  Height*  Lin* Chicago  Height*.  IU 

Chesapeake  &  Ohio  Ry.  of  Indiana Chesapeake  A  Ohio  Ry  of  Indiana Hammond,  fnd 

Chicago  ft  Alton  R.  R Northern Joliet,  IU 

Chicago  &  Eastern  Illinois  R.  R i  Chicago  Terminal Crete,  111 

Chicago  &  Northwestern  Ry Galena West  Chicago,  111 

Chicago  &  Northwestern  Ry Wisconsin  (Milwaukee) Waukegan.  Ill 

Chicago  ft  North  Western  Ry Wisconsin Barrington,  111 

Chicago  ft  Western  Indiana  R.  R Chicago  ft  Dolton Dolton,  111 

Chicago,  Burlington  &  Quincy  R.  R Chicago  ft  Aurora Aurora,  111 

Chicago  Great  Western  R.  R Eastern St.  Charles,  111 

Chicago,  Indiana  &  Southern  R.  R Danville I  Gibson,  Ind 

Chicago.  Milwaukee  &  St.  Paul  Ry Chicago  ft  Milwaukee i  Libertyville,  IU 

Chicago,  Milwaukee  &  St.  Paul  Ry Chicago  ft  Council  Bluff* Elgin,  111 

Chicago,  Milwaukee  &  St.  Paul  Ry Chicago  ft  Evanston Sheridan  Park,  IU 

Chicago.  Rock  Island  A  Pacific  Ry Chicago Joliet,  IU 

Grand  Trunk  Western  Ry Chicago  ft  Valparaiso '  Valparaiso.  Ind 

Illinois  Central  R.  R Illinois MaUe*on,  III 

Illinois  Central  R.  R Illinois So.  Chicago.  IU 

Illinois  Central  R.  R Illinois Blue  Island.  IU 

Illinois  Central  R.  R Wisconsin Addison,  IU 

Lake  Shore  &  Michigan  Southern  Ry Western Chesterton,  Ind 

Minneapolis.  St.  Paul  ft  Sault  Ste.  Marie  Ry Chicago M ukwonaga ,  Wi» 

Pittsburgh,  Fort  Wayne  &  Chicago  Ry Chicago  Terminal Valparaiso,  Ind 

WabaahRaUroad Decatur Manhattan,  111 


Miles  from 
Chicago 


30.0 
20.0 
37.2 
30.4 
30.0 
36. B 
31.6 
16.0 
37.4 
30.0 
23.4 
36.6 
30.7 
8.0 
30.7 
66.8 
28.0 
12.0 
18.7 
24.2 
41.1 
88.9 
43.6 
39.9 


The  Chicago  Association  of  Commerce 
Committee  of  Investigation  on  Smoke  Abatement 
and  Electrification  of  Railway  Terminals 
122  Michigan  Boulevard,  Chicago 


Form  No. 
31 


CHICAGO  TERUINAL 

Passenger  Traffic  in  Suburban  Territory  and  To,  From  and  Through  Chicago, 
Bach  Year,  1903  to  1912.  inclusive. 


co. 


Chicago,  111.  , 


1913 


Instruct  lone; 

(1)  Suburban  Tickets;  All  tickets  between  Chicago  and  all  Suburban  Stations  -within  the 
suburban  limits,  as  defined  by  the  operating  company,  such  limits  to  be  indicated 
by  the  outermost  station. 

(2)  Other  Tickets;  All  tickets  (other  than  Suburban)  froa,  to  or  through  Chicago  Depot. 
This  may  be  obtained  by  doubling  the  number  of  tickets  from  Chicago  Dopot,  includ- 
ing tickets  for  passengers  coming  on  to  the  road  at  Chicago.  This  is  not  to  in- 
clude tickets  for  passengers  coming  into  Chicago  over  the  reporting  companies' 
lines  and  passing  through  Chicago,  which  need  not  be  reported. 

(3)  Where  there  is  more  than  one  suburban  line  or  operating  division,  the  Suburban  and 
Other  Tickets  are,  if  practicable,  to  be  reported  separately  for  each  suburban  line 
or  operating  division. 


Year 

Line  or  Division 

Suburban  Tickets 

Other  Tickets 

Outermost  Station 

Number 

Number 

1903 

^/fjL^o-il^  "Dji^i-t^jtrW 

T-~-L«r*-i^v-i^vj»Fr*T_/     ~S-ijuu^ 

l?.99e  ^fia 

JT^ft  2.96 

1904 

11                                           •• 

J  V~\l«k_~~_c^    4--    ifl      CJ^LOC-^^-O 

K  O94-.  ess 

£"13  4-1o 

1905 

»»                                                                   M 

dU                        ^ 

12.35^-  fll9 

6-4/61  4-2£ 

1906 

•  I                                                                    M 

CJUPt 

\  3.  ^39.  3  54- 

^4-  O.^34 

1907 

'  1                                                                     \i 

rtn 

13.9  64.62.1 

£0"^  Q^Q 

1908 

\\                                                                   »» 

di^o  • 

12  631     I6fc 

63fi.fi  £,ft 

1909 

11                                                                      *' 

eiLo 

\1.1  16  9^ 

63T.530 

1910 

,,                                                                    |t 

dLo  . 

13.  16B.  11.6 

695.  »S2 

1911 

"                                                             U 

dLo 

111^5.9^^ 

m3.6ea 

1912 

1.                                                        A. 

^n^JCtZ^jcr^j.  ~BX^^ 

IS239.  \S"I 

H69.694 

Total 

A-kJ-CL^^xL-V-  So  Ctxl^a^o 

>3Li5l  "L"2A 

6  4-16  54« 

1903 

\JL  JA_A  -<!_<tyw'^"i-^"i-r     \\-A  .^ri|Aj  *TVI 

(jL^rJL  f\  A  ^jrm  / 

•4-82^389 

1904 

*                                     " 

,, 

535.56,5 

1905 

2                                                   V 

• 

"VSS^  16 

1906 

M                                                                                              «* 

«« 

loonscx\ 

1907 

»%                                                                                           »1 

.« 

99.  sat 

1908 

•i 

12  B  45 

1909 

„ 

>5aB64 

1910 

«i 

54.2.64 

1911 

tl                                                                                           '• 

lv 

8*7.4-fia 

1912 

£2  ee& 

Total 

2.0  Gk  -4-65 

1903 

CMDtvJL^LJ/'   r~-t  rvfft  ^Tr  s 

J^L^j^y  t»       f^+  •*  .  l^/^  A    4  / 

^^^,0^-^C.i 

t         O  <^O      r    tTVtjN  y 

1904 

1           ^ 

U 

1905 

irC^xja—    a^LST^sr-t,<J  c^ 

^A-tA    /C^LxJT. 

i_jtr~c«^v^.6)i     t-vvju- 

1906 

or 

G^ 

1907 

**+^^+trt^   /rf-  -fOc^ 

^^^^^^  4*^*^  . 

OC-,  it  rf  'i  f» 

«        ~p(^  »^.. 

1908 

^0-mv^rffT               |      ( 

<^        T 

d 

Q 

1909 

•f~      ^y,Xv^^ 

»_^  -f-^ft^ 

1910 

x3 

1911 

^.  ^e-fc^-T»Pv. 

1912 

lsial 

FIG.  432.  TYPICAL  RAILROAD  REPORT  OF  THE  NUMBER  OF  PASSENGERS  CARRIED  ANNUALLY 

("FORM  31") 
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Several  of  the  railroads  failed  to  give  the  in- 
formation required,  either  for  the  whole  or  for  a 
part  of  the  ten  years  involved.  In  such  cases, 
estimated  values  were  determined  by  interpola- 
tion, by  comparison  with  the  reports  of  other 
railroads  or  by  reference  to  reports  made  to  the 
Illinois  Railroad  and  Warehouse  Commission. 
The  specific  instances  are  as  follows: 

Atchison,  Topeka  &  Santa  Fe  Ry. :  Through 
passengers  were  estimated  for  all  years  except 
1906  and  1912. 

Baltimore  &  Ohio  R.  R. :  Through  passengers 
were  estimated  for  all  years. 

Baltimore  &  Ohio  Chicago  Terminal  R.  R.: 
Suburban  passengers  were  estimated  for  the  years 
1903  to  1906,  inclusive. 

Chesapeake  &  Ohio  Ry.  of  Indiana:  Through 
and  suburban  passengers  were  estimated  for  the 
years  1907  to  1909,  inclusive.  These  passen- 
gers were  carried  by  the  Chicago,  Cincinnati  & 
Louisville  Ry.,  which  was  succeeded  by  the 
Chesapeake  &  Ohio  Ry.  of  Indiana.  This  road 
does  not  operate  suburban  trains  but  suburban 
fares  apply  to  Hammond,  Ind. 

Chicago  &  Alton  R.  R. :  Total  passengers  were 
reported  by  this  road  for  1903  and  1904;  through 
and  suburban  passengers  were  estimated,  but 
their  sum  equals  the  total  reported. 

Chicago,  Burlington  &  Quincy  R.  R. :  Through 
passengers  and  suburban  passengers  were  esti- 
mated for  the  years  1903,  1904  and  1905. 

Chicago  Great  Western  R.  R.:  Through  and 
suburban  passengers  were  estimated  for  the 
years  1903  to  1909,  inclusive.  This  road  does 
not  operate  suburban  trains,  but  suburban  fares 
apply  to  St.  Charles,  111. 

Chicago,  Indiana  &  Southern  R.  R. :  Does 
not  operate  suburban  trains  but  reported  passen- 
gers for  Lake  Shore  &  Michigan  Southern 
suburban  trains  which  operate  over  Chicago, 
Indiana  &  Southern  tracks. 

Chicago,  Indianapolis  &  Louisville  Ry.: 
Through  passengers  were  estimated  for  1903. 

Chicago,  Milwaukee  &  St.  Paul  Ry. :  Through 
passengers  and  suburban  passengers  were  esti- 
mated for  the  years  1903,  1904  and  1905. 

Chicago,  Rock  Island  &  Pacific  Ry. :  Through 
and  suburban  passengers  were  estimated  for  the 
years  1903,  1904  and  1905. 

Grand  Trunk  Western  Ry. :  Through  passen- 
gers were  estimated  for  all  years. 

Illinois  Central  Railroad:  The  through  pas- 
sengers of  the  Cleveland,  Cincinnati,  Chicago  & 
St.  Louis  Ry.,  are  included  in  the  report  of 
through  passengers  for  this  road. 

Lake  Shore  &  Michigan  Southern  Ry.: 
Through  passengers  and  suburban  passengers 
were  estimated  for  the  years  1903  and  1904. 

Minneapolis,  St.  Paul  &  Sault  Ste.  Marie  Ry. : 
Through  passengers  and  suburban  passengers 


were  estimated  for  the  years  1903  to  1 907, T  in- 
clusive. These  passengers  were  carried  by  the 
Wisconsin  Central  Ry.,  which  was  succeeded 
by  this  road.  No  suburban  trains  are  operated 
but  suburban  fares  apply  to  Mukwonaga,  Wis. 

New  York,  Chicago  &  St.  Louis  R.  R. :  Through 
passengers  were  estimated  for  aH  years. 

Pere  Marquette  R.  R. :  Through  passengers 
were  estimated  for  all  years. 

Pittsburgh,  Cincinnati,  Chicago  &  St.  Louis  Ry. : 
Through  passengers  were  estimated  for  the  years 
1903  and  1904. 

Pittsburgh,  Fort  Wayne  &  Chicago  Ry.: 
Total  passengers  were  reported,  and  through  and 
suburban  passengers  estimated  from  this  total. 

Wabash  R.  R. :  Through  passengers  and  sub- 
urban passengers  were  estimated  from  1903  to 
1908,  inclusive. 

Statements  relating  to  the  number  of  through 
passengers,  suburban  passengers,  and  through 
and  suburban  passengers  carried  by  each  railroad 
are  presented  by  tables  CCIX,  CCX  and  CCXI. 

These  tables  show  that  during  the  period  from 
1903  to  1912,  inclusive,  the  number  of  through 
passengers  handled  on  the  Chicago  terminals  in- 
creased 56.4  per  cent.  During  the  same  period, 
the  number  of  suburban  passengers  increased 
26.9  per  cent  and  the  total  number  of  all  passen- 
gers increased  29.6  per  cent.  However,  some  of 
the  railroads  show  a  decrease  in  the  number  of 
passengers  carried  in  recent  years. 

203.06  Changing  Conditions  Affecting  Sub- 
urban Passenger  Traffic:  Suburban  passenger 
traffic  is  generally  dependent  upon  the  population 
of  the  district  served.  In  Chicago,  its  growth  is 
probably  dependent  upon  the  increase  in  popula- 
tion of  the  suburban  towns  rather  than  upon  that 
of  the  city.  Statistics  show  that  the  surface  and 
elevated  railways  are  absorbing  the  short  haul 
passenger  traffic  and  are  thereby  forcing  the 
steam  roads  to  depend  upon  the  long  haul  busi- 
ness. This  tendency  is  manifested  by  the  in- 
crease in  the  average  length  of  haul  of  suburban 
passengers  on  three  representative  steam  rail- 
roads, as  shown  by  the  following: 

INCREASE 
PER  CENT 

Illinois  Central  R.  R.  (1903  to  1912) 12 

Chicago,  Rock  Island  &  Pacific  Ry.  (1903  to  1912)    ...     25 
Chicago  &  Western  Indiana  R.  R.   (1905  to  1912)    ...     14 

The  rate  of  increase  of  suburban  passenger 
traffic  on  the  steam  railroads  of  Chicago  has  di- 
minished in  recent  years,  principally  because  of 
the  advantages  of  the  electric  surface  and  elevated 
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lines  as  regards  lower  fares,  more  frequent  sched- 
ules, transfer  privileges  and  ability  to  deliver  pas- 
sengers in  closer  proximity  to  their  destination. 
The  extended  use  of  the  automobile  has  probably 
also  contributed  to  this  change.  The  increases 
in  passenger  traffic  shown  by  the  suburban  service 
of  the  steam  railroads,  by  the  entire  service  of 
the  elevated  railways  and  by  the  service  of  the 
surface  lines  of  Chicago  for  the  period  from  1903 
to  1912,  inclusive,  are  set  forth  in  the  following: 

INCREASE 
PER  CENT 

Suburban  traffic  of  steam  railroads 26.9 

Traffic  of  elevated  railways 47 •* 

Traffic  of  surface  lines 1 1 1 .  o* 

203.07  Conclusions  with  Reference  to  the  In- 
crease in  Number  of  Passengers:  The  annual 
increase  in  the  number  of  passengers  carried  by 
the  steam  railroads  of  Chicago  is  shown  graphi- 
cally by  fig.  433. 

Superimposed  upon  the  curves  of  actual  in- 
crease from  1903  to  1912  are  shown  curves  of 
predicted  increase  subsequent  to  1912  plotted 
from  the  following  equations: 

Through  passengers: 

P- 1,000,000   (7.09+0.444   [Y-i]) 
Suburban  passengers: 

P- 1, 000,000  (33.8  Y°-°") 
Through  and  suburban  passengers: 

P -i, 000,000  (39.6  Y«-«") 

"P"  represents  the  number  of  passengers  carried 
and  "Y"  the  number  of  years  succeeding  1902, 
1903  being  year  one,  1904,  year  two,  and  so  on. 

By  the  first  equation  it  is  seen  that,  following 
the  year  1903,  the  number  of  through  passengers 
increased  approximately  by  increments  of  444,000 
per  year,  the  number  of  suburban  passengers  in- 
creased as  the  o.ogsth  power  of  the  number  of 
years,  and  the  total  number  of  passengers  in- 
creased as  the  o.i  28th  power  of  the  number  of 
years. 

The  relation  between  the  increase  in  the  popu- 
lation of  the  United  States  and  the  increase  in 
the  number  of  through  passengers  handled  by  the 
steam  railroads  of  Chicago  is  a  matter  of  some 
interest.  Statements  of  population  issued  by  the 
United  States  Bureau  of  Census  indicate  an 
increase  in  the  population  of  the  country  of  18.3 
per  cent  for  the  period  from  1903  to  1912,  inclu- 
sive. This  percentage  of  increase  corresponds  to 

*  Prom  figures  furnished  by  the  Board  of  Supervising  Engineers  of  the  City 
of  Chicago. 
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an  increment  of  population  of  about  1,650,000  per 
year.  The  increase  in  the  number  of  through 
passengers  handled  by  the  Chicago  terminals  dur- 
ing the  same  period  was  27  per  cent  of  this  an- 
nual increase  in  population  of  the  United  States, 
or  approximately  444,000  per  year,  so  that  each 
million  of  increase  in  population  of  the  United 
States  has  been  accompanied  by  an  increase  of 
approximately  270,000  through  passengers  in 
Chicago. 

From  the  foregoing  statements,  it  is  obvious 
that  the  increase  in  the  number  of  passengers 
carried  by  the  steam  railroads  of  Chicago  during 
the  ten-year  period  ending  with  1912  has  been 
affected  by  various  influences,  the  summation  of 
which,  both  positive  and  negative,  is  taken  into 
account  by  the  curves,  fig.  433,  and  the  equations 
derived  from  them.  Both  constitute  a  true 
reflection  of  changes  which  actually  occurred 
prior  to  1912.  Assuming  that  the  same  law  of 
increase  will  hold  for  the  ten  years  following  1912, 
the  rate  of  growth  will  be  that  indicated  by  the 
extended  curves,  fig.  433,  and  by  the  numerical 
values  which  are  presented  in  table  CCXII. 

TABLE  CCXII.     ESTIMATED  FUTURE  GROWTH  OF    PASSENGF.R 
TRAFFIC  ON  THE  CHICAGO  TERMINALS 


Per 

I'T 

Per 

Yew 

Through 
PMMfM 

Cent 

IllcT. 

Over 

Suburban 
Puaencen 

Cent 
locr. 

...,- 

Toul 
PuMncrn 

<  .  i.i 
Incr. 
Over 

1912 

1912 

1912 

1     ' 

I 

» 

4 

S 

« 

T 

1912 

11,099,783 

42,119.593 

.M.219..'I76 

1913 

11,540.000 

4.0 

42.600.000 

1.2 

54,140,000 

1.7 

1914 
1915 
1916 
1917 
1918 
1919 
1920 
1921 
1922 

11,990.000 
12.430.000 
12.880.000 
13,320.000 
13,770.000 
14.210.000 
14.660,000 
15,100.000 
15,540.000 

8.1 
12.2 
16  2 
20.2 
24.2 
28.3 
32.3 
36.3 
40  3 

43.000.IXX) 
43.300.000 
43.600.000 
43,900.000 
44.200.000 
44,400,000 
44.700,000 
44.900.000 
1.1,100.000 

2.3 
3.0 
3.6 
4.4 

5.0 
5.6 
6.2- 
6.8 

:  .' 

54.990.000 
55.730.000 
56.480.000 
67.220.000 
57.970,000 
58.610.000 
59,360.000 
fiO.000.000 
1  

3.4 

4.8 
6.2 
75 
8.9 
10.1 
11.5 
12  8 

M    .. 

Reviewing  the  numerical  values  of  table  CCXII, 
it  is  seen  that  the  estimate  of  growth  indicates 
that  the  number  of  through  passengers  arriving 
at. and  departing  from  the  steam  railroad  ter- 
minals of  Chicago  in  1922  will  be  40.3  per  cent 
greater  than  the  number  in  1912.  The  number 
of  suburban  passengers  will  increase,  but  the 
rate  of  increase  will  continue  to  diminish.  This 
service  will  be  7.2  per  cent  greater  in  1922  than 
in  1912.  The  total  number  of  all  passengers 
arriving  and  departing  will  be  14  per  cent  greater 
in  1922  than  in  1912. 

203.08  Number  of  Passenger  Trains:  The 
number  of  scheduled*  passenger  trains  on  each 
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road  was  obtained  from  the  operating  time- 
tables. The  average  number  of  daily  trains  was 
found  by  taking  the  average  of  those  scheduled 
in  time-tables  for  the  representative  months  of 
January  and  July  of  each  year.  The  number  of 
trains  arriving  and  departing  on  week  days  was 
determined  for  both  through  and  suburban  serv- 
ice, with  results  which  are  set  forth  in  tables 
CCXIII,  CCXIV  and  CCXV. 

In  these  tables  are  shown  the  number  of  trains 
arriving  and  departing  on  each  railroad  and  the 
total  number  of  trains  for  an  average  week  day 
for  each  year  from  1903  to  1912,  inclusive,  as 
well  as  the  increase  in  the  total  number  of  trains. 

The  rate  of  increase  in  the  number  of  Sunday 
trains  is  greater  than  that  of  the  week  day  trains 
for  the  period  covered.  This  relation  is  shown 
by  table  CCXVI. 

TABLE  CCXVI.    AVERAGE  NUMBER  OF  SUNDAY   TRAINS  AND 

AVERAGE  NUMBER  OF  WEEK  DAY  TRAINS  HANDLED  IN 

THE  CHICAGO  TERMINALS 


Average  Number 

Aven 

ige  Numb«         1Utio  of  th°  Number  * 

of 

of                    XT     iZr  —  til/    u  iv_' 

Sunday  Trains 

Week  Day  Train*          """"""Tnuni""  "** 

Yeai 

Thro. 

Sub- 
urban 

Thro, 
and 
Sub- 
urban 

Thro. 

Thro. 
Sub-     and 
urban  Sub- 
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. 

!.     '. 

Per  Cent 

Subur- 
ban 
'. 
Per  Cent 

Thrown 
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- 
B  • 

;..,... 

1 

2 

3          I 

5 

a       7 

8 

• 

10 

1903 

337 

244      581 

440 

735      .175        76.7           33.2 

49  4 

1904 

348      250  :   698 

452 

737      .189        76.9           33.9 

50  3 

1905 

363 

265 

at 

469 

759      .228        77.4           34.9 

61.2 

1906 

396 

271      (ir,7 

504 

782      .286        78.6 

34.7 

51.8 

1907 

416 

294  !  710 

523 

790      .313        79.5 

37.2 

54.0 

1908 

418 

289      707 

517 

779      ,296        81.0 

37.1 

54.6 

1909 

441 

288      729 

781      .319        81.  9 

36.9 

55.2 

1910 

468      301      769 

554 

759      .313        84.4 

• 

58.6 

1911 

486  i  311 

797 

574 

772      ,346 

84.4 

40.3 

.   . 

1912 

486  !  344 

830 

579 

793      ,372 

83  9 

43.4 

00.5 

During  the  period  from  1903  to  1912,  the 
average  number  of  week  day  through  passenger 
trains  increased  31.6  per  cent  and  the  average 
number  of  Sunday  through  passenger  trains 
increased  44 .  i  per  cent.  The  increase  in  the 
total  number  of  through  trains  arriving  and 
departing  was  33.5  per  cent  and  the  increase 
in  the  number  of  through  passengers  was  56.4 
per  cent.  The  average  number  of  through  pas- 
sengers carried  per  train  increased  from  44.6  in 
1903  to  52.4  in  1912,  a  gain  of  17.5  per  cent. 

The  number  of  week  day  suburban  passenger 
trains  increased  7.9  per  cent  from  1903  to  1912, 
that  of  Sunday  suburban  trains  increased  41.2 
per  cent  and  the  total  number  of  suburban  trains 
increased  10.0  per  cent.  The  average  number  of 
suburban  passengers  per  train  increased  from  140 


in  1903  to  157.5  in  1912,  a  gain  of  12.5  per  cent. 

The  number  of  through  and  suburban  week 
day  trains  increased  16.8  per  cent  during  the 
ten-year  period,  while  the  number  of  Sunday 
through  and  suburban  trains  increased  42.8 
per  cent.  The  total  number  of  passenger  trains 
per  year  increased  19.0  per  cent  from  1903  to 
1912.  The  average  number  of  passengers  per 
train  arriving  and  departing  was  102  in  1903 
and  in  in  1912,  the  increase  being  8.8  per  cent. 

It  may  be  of  interest  to  note  in  this  connection 
that  the  average  number  of  passengers  per  train 
for  the  whole  United  States  was  46  in  1903  and 
56  in  1912.  This  represents  an  increase  of  21.7 
per  cent. 

203.09  Conclusions  with  Reference  to  the 
Increase  in  the  Number  of  Passenger  Trains: 
The  rate  of  increase  in  the  number  of  passenger 
trains  is  represented  graphically  by  fig.  434. 

Superimposed  upon  the  curves  of  actual  growth 
are  approximate  curves,  the  equations  for  which 
are  as  follows: 

Through  trains: 

T-  406  Y°"" 
Suburban  trains: 

T-  732  Y  <••«»« 
Through  and  suburban  trains: 

T-II30Y0-0" 

"T"  represents  the  number  of  trains  per  average 
week  day  and  "Y"  the  number  of  years  succeed- 
ing 1902,  1903  being  year  one. 

From  these  equations  it  appears  that,  from 
1903  to  1912,  the  number  of  through  trains  per 
average  week  day  increased  with  the  o.is6th 
power  of  the  number  of  years  succeeding  1903. 
The  number  of  suburban  trains  per  average 
week  day  increased  with  the  0.03 4th  power  of 
the  number  of  years  succeeding  1902.  The  total 
number  of  passenger  trains  per  average  week  day 
increased  with  the  o.o83th  power  of  the  num- 
ber of  years  succeeding  1902.  These  equations 
constitute  a  definition  of  the  law  of  increase  dur- 
ing the  ten  years  ending  with  1912.  Assuming 
that  the  law  thus  established  will  hold  for  the 
ten  years  following  1912,  it  is  possible  to  employ 
the  equations  by  substituting  the  appropriate 
value  for  "Y"  in  determining  the  number  of  trains 
for  any  year  subsequent  to  1912.  The  results 
of  such  a  process  are  represented  by  the  ex- 
tended curves  as  shown  in  fig.  434,  and  also  by 
the  numerical  values  presented  by  table  CCXVII. 
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TABLE  CCXVII.     ESTIMATED  FUTURE  INCREASE  IN  THE 
AVERAGE  NUMBER  OF  WEEK  DAY  SCHEDULED 
PASSENGER  TRAINS 


Per  Cent 

Per  Cent 

Through 

Per  Cent 
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Through 
Train. 
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Ii>,  r.  ••:-.• 

Suburban 
Trains 

of 
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1  384 
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798 

0.6 
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I.I 
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605 

4. 

800 

0.9 

1.1  1|.~. 

2.4 

1918 

613 

5. 

802 

1.1 

1,415 

3.2 

1917 

619 

6 

804 

1.4 

1.423 

37 

1918 

625 

7 

806 

1.6 

1,431 

4.3 

1919 

631 

8. 

808 

1.9 

i.i  .-. 

4.8 

1920 

637 

10.0 

Mil 

2.1 

1,447 

5.5 

1921 

643 

11.1 

811 

2.3 

1,454 

5.9 

1922 

650 

12.3 

812 

2.4 

1.4H2 

67 

By  the  year  1922,  the  average  number  of  week 
day  through  trains  will  have  increased  12.3  per 
cent  over  the  number  of.  such  trains  in  1912. 
Referring  to  table  CCXII,  it  will  be  seen,  how- 
ever, that  the  number  of  passengers  per  train  will 
have  increased  only  from  52.4  in  1912  to  58  in 
1922,  an  increase  of  but  10.5  per  cent. 

The  number  of  suburban  passenger  trains 
arriving  and  departing  on  an  average  week  day 
in  1922  will  be  2.4  per  cent  greater  than  in  1912. 
This  increase  in  the  number  of  trains  will  accom- 
modate the  7 . 2  per  cent  increase  in  the  number 
of  suburban  passengers,  with  an  increase  of  3.5 
per  cent  in  the  average  number  of  passengers 
per  train. 

The  average  number  of  week  day  through  and 
suburban  passenger  trains  in  1922  will  be  6.7 
per  cent  greater  than  that  in  1912. 

203.10  Freight  Traffic:  There  are  27  railroads 
which  move  freight  cars  in  and  out  of  the  Chi- 
cago terminals,  and  of  these  26  handle  freight 
in  less-than-carload  lots.  In  obtaining  statis- 
tics relating  to  the  movement  of  freight  within 
the  Area  of  Investigation,  information  was  re- 
quested on  "Form  28,"  which  is  reproduced 
as  fig.  435- 

"Form  28"  requested  the  railroads  to  report 
all  freight  received  and  forwarded  through  all 
terminal  freight  houses  within  the  Area  of  In- 
vestigation. This  is  what  is  commonly  called 
the  "L.  C.  L.,"  or  less-than-carload  freight,  and 
does  not  include  the  tonnage  handled  at  team 
tracks  in  carload  lots.  The  results  of  this  inquiry 
are  summarized  in  tables  CCXVII  I,  CCXIX  and 
CCXX. 

Five  railroads  made  no  report.  The  total 
tonnage  presented  by  the  tables  is  the  total  for 
roads  reporting,  and  it  is  obviously  less  than  the 


total  for  Chicago.  The  tables  present  results 
by  years,  the  increase  by  roads  for  the  ten-year 
period  from  1903  to  1912,  inclusive,  the  totals 
for  all  roads  by  years  and  the  increase  for  all 
roads  for  the  ten-year  period. 

The  number  of  cars  received,  the  number  of 
cars  forwarded  and  the  number  of  cars  received 
and  forwarded  are  shown  by  tables  CCXX  I, 
CCXXII  and  CCXXIII. 

The  total  number  of  cars  reported,  as  shown  by 
these  tables,  represents  the  number  for  the  roads 
reporting.  It  is  obviously  less  than  the  total 
number  for  all  roads  since  five  railroads  did 
not  report. 

These  tables  also  show  the  increase  in  the  number 
of  cars  for  each  year  of  the  ten-year  period  from 
1903  to  1912,  inclusive,  the  totals  for  all  railroads 
by  years  and  the  total  increase.  Information 
concerning  a  separate  accounting  of  loaded  and 
empty  cars  and  the  percentage  of  the  total  repre- 
sented by  through  cars,  both  loaded  and  empty, 
could  not  be  given  by  most  of  the  operating 
companies,  and  no  attempt  has  been  made  to 
formulate- values  for  these  factors.  With  refer- 
ence to  the  values  presented  in  tables  CCXX  I 
to  CCXXIII,  inclusive,  the  fact  should  be  noted 
that,  in  arriving  at  points  within  the  Area  of  In- 
vestigation, or  in  leaving  it,  cars  sometimes  crossed 
the  boundary  twice,  in  which  cases  they  were  so 
reported.  It  is  possible,  therefore,  that  for  some 
railroads  the  number  of  cars  operated  may  be 
somewhat  in  excess  of  the  true  number  of  cars 
received  and  forwarded  by  the  road. 

The  limitations  which  apply  to  tables  CCXX  I 
to  CCXXIII,  inclusive,  are  not  significant  and  do 
not  impair  their  value  as  a  basis  upon  which  to 
study  the  growth  of  the  Chicago  railroad  termi- 
nals. The  tonnage  figures  presented,  while  in- 
complete, include  over  95  per  cent  of  the  total  ton- 
nage handled  through  all  of  the  terminal  freight 
houses.  It  is  fair  to  assume  that  the  rate  of  in- 
crease for  95  per  cent  of  the  total  freight  handled 
will  not  differ  greatly  from  the  rate  of  increase 
for  the  remaining  5  per  cent  not  recorded.  Simi- 
larly, regarding  the  probability  of  cars  being 
reported  twice,  the  fact  remains  that,  if  they 
were  reported  in  the  same  manner  for  all  years, 
the  percentage  of  increase  representing  growth  is 
reasonably  correct. 
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A  few  roads  were  unable  to  give  the  required  in- 
formation for  all  years.  In  such  cases,  deficiencies 
were  supplied  by  estimates  obtained  by  interpola- 
tion, supplemented  by  comparisons  based  on  re- 
turns from  other  roads.  As  in  the  case  of  passen- 
ger traffic,  methods  of  making  estimates  were  gen- 
erally approved  by  a  representative  of  the  railroad 
concerned.  The  following  statements  indicate  the 
extent  to  which  resort  to  estimates  was  employed : 

Baltimore  &  Ohio  Chicago  Terminal  R.  R.: 
Number  of  freight  cars  and  tonnage  of  freight 
were  estimated  for  the  year  1903. 

Chicago  &  Eastern  Illinois  R.  R. :  Number  of 
freight  cars  and  tonnage  of  freight  were  estimated 
for  the  years  1903  to  1905,  inclusive. 

Chicago  &  North  Western  Ry. :  Number  of 
freight  cars  was  estimated  by  this  company  for 
all  years. 

Chicago,  Burlington  &  Quincy  R.  R. :  Number 
of  tons  of  freight  was  estimated  for  the  years  1903, 
1904  and  1905.  The  number  of  freight  cars  re- 
ceived and  forwarded  was  estimated  for  all  years; 
however,  the  total  number  of  cars  for  each  year 
was  reported. 

Chicago  Great  Western  R.  R.:  The  ton- 
nage of  freight  and  th§  number  of  freight  cars 
were  estimated  for  the  years  1903  to  1908,  in- 
clusive. 

Chicago,  Indianapolis  &  Louisville  Ry.:  The 
tonnage  of  freight  was  estimated  for  the  year 
1903. 

Chicago,  Milwaukee  &  St.  Paul  Ry. :  The  ton- 
nage of  freight  and  the  number  of  freight  cars 
received  were  estimated  for  the  years  1903  and 
1904. 

Illinois  Central  R.  R. :  The  tonnage  of  freight 
was  estimated  for  the  years  1903  to  1906,  inclusive, 
and  the  number  of  freight  cars  was  estimated  for 
the  years  1903  to  1908,  inclusive.  The  figures 
include  the  traffic  of  the  Cleveland,  Cincinnati, 
Chicago  &  St.  Louis  Ry. 

Lake  Shore  &  Michigan  Southern  Ry. :  The 
tonnage  of  freight  and  the  number  of  freight 
cars  were  estimated  for  all  years.  The  figures 
include  Chicago,  Indiana  &  Southern  R.  R. 
freight  tonnage  and  cars  which  could  not  be 
segregated. 

Minneapolis,  St.  Paul  &  Sault  Ste.  Marie  Ry. : 
The  tonnage  of  freight  and  the  number  of  freight 
cars  were  estimated  for  the  years  1903  to  1905, 
inclusive. 

Pittsburgh,  Fort  Wayne  &  Chicago  Ry. :  The 
tonnage  of  freight  was  estimated  for  the  years 
1903  to  1906,  inclusive. 

From  the  statistics  reported  or  estimated  and 
finally  recorded  in  the  tables,  it  appears  that  the 
tonnage  received  through  freight  houses,  as  re- 
ported for  1 91 2,  represented  only  about  37.5  per 


cent  of  that  received  and  forwarded.  The  amount 
was  39.4  per  cent  greater  in  1912  than  in  1903. 
The  tonnage  forwarded  through  freight  houses, 
as  reported  for  1912,  represented  62.5  per  cent 
of  that  received  and  forwarded,  and  the  amount 
showed  an  increase  of  42.4  per  cent  over  the 
similar  tonnage  for  1903.  The  total  tonnage 
handled  was  41.3  per  cent  greater  in  1912  than 
in  1903.  For  the  same  period,  the  increases  in  the 
number  of  cars  received  and  the  number  of  cars 
forwarded  were  respectively  58 . 9  per  cent  and  59 . 6 
per  cent.  The  number  of  cars  received  and  for- 
warded increased  59 . 2  per  cent  during  the  period. 

203.11  Conclusions  with  Reference  to  the 
Increase  in  Freight  Traffic :  The  number  of  tons 
of  freight  and  the  increase  in  tonnage  handled 
through  freight  houses  is  shown  graphically  by 
fig.  436. 

In  fig.  436,  curves  approximating  the  statistical 
facts  are  also  sftbwn,  and  from  these  the  follow- 
ing equations  have  been  derived : 

Tons  of  freight  received : 

T  =  1,000,000  (2.30  +  .101  [Y-i]) 
Tons  of  freight  forwarded: 

T  =  1,000,000  (3.46  Y°--°») 
Tons  of  freight  received  and  forwarded : 

T  =  1,000,000  (5.50  Y°-"">) 

In  these  equations  "T"  represents  the  number  of 
tons  of  freight  and  "Y"  the  number  of  years 
succeeding  1902,  the  year  1903  being  taken  as 
year  one. 

The  equations  show  that  the  reported  ton- 
nage of  freight  received  in  the  Chicago, terminals 
increased  approximately  101,000  tons  per  year. 
The  total  number  of  tons  of  freight  forwarded  in- 
creased as  the  o.203th  power  of  the  number  of 
years  succeeding  1902.  The  total  number  of  tons 
of  freight  received  and  forwarded  increased  as 
the  o.2O5th  power  of  the  number  of  years  suc- 
ceeding 1902. 

Curves  approximating  the  statistical  facts  with 
reference  to  the  number  of  freight  cars  and  the 
rate  of  increase  in  the  number  of  freight  cars 
received  and  forwarded  in  the  Chicago  railroad 
terminals  are  presented  as  fig.  437. 

From  these  curves  the  following  equations 
have  been  derived: 

Cars  received: 

C  -  1,000,000  (4.64  +  0.304  Y) 
Cars  forwarded: 

C  —  1 ,000,000  (4.67  +  0.309  Y) 
Cars  received  and  forwarded: 

C-  i, 000,000  (9.31  +0.613  Y) 
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"C"  represents  the  number  of  cars  and  "Y" 
number  of  years  succeeding  1903,  the  year  1903 
being  the  year  zero,  1904  the  year  one,  and  so  on. 
These  equations  indicate  that  the  annual  increase 
in  the  number  of  cars  received  is  304,000,  in  the 
number  of  cars  forwarded  309,000,  and  in  the  num- 
ber of  cars  received  and  forwarded  613,000. 

The  values  for  freight  tonnage  and  number  of 
freight  cars  may  be  assumed  to  represent  the  law 
of  increase  for  the  period  from  1903  to  1912.  If 
the  law  for  that  period  may  be  assumed  to  apply 
to  the  ten-year  period  subsequent  to  1912,  esti- 
mates of  future  growth  may  be  obtained  by 
substituting  the  proper  value  for  "Y"  in  the 
equation.  Results  thus  derived  are  shown  graph- 
ically by  an  extension  of  the  curves  in  figs.  436 
and  437,  and  numerically  by  table  CCXXIV. 


TABLE  CCXXIV.     ESTIMATED  FUTURE  INCREASE  OF  FREIGHT 
TRAFFIC  IN  THE  CHICAGO  TERMINALS 


Year 

Tons  of  Freight 
Handled  Through 
Freight  HOUN-* 

Per  Cent  of 
Increan  over 
1912 

Total  Number  of 
Kreifht  Can 
Received  and 
Forwarded 

Per  Cent  of 
Inrrraae  over 
1012 

•1 

3 

3 

4 

ft 

1912 

8,549,630 

14,826.730 

1913 

8,890.000 

4.0 

15.440.000 

4.2 

1914 

9,110,000 

6.6 

1U.050.000 

8.3 

1915 

9.280,000 

8.5 

le.flflO.OOO 

12.4 

1916 

9.400.OOO 

B.9 

17.  .'70,000 

16.6 

1917 

9.540,0<K> 

11.5 

17.880,000 

20.6 

1918 

9,690,000 

13.4 

18.490,000 

24.7 

1919 

9,810,000 

14.8 

19,100.000 

:>s   - 

1920 

9,910,000 

16.0 

19,710,000 

1921 

10,050,000 

17.6 

20,330.000 

37.1 

1922 

10.140,000 

18.8 

20.950,000 

41.3 

It  will  be  seen  that  the  rate  of  increase  in  the 
traffic  handled  through  freight  houses  is  less  than 
the  rate  of  increase  in  the  total  number  of  cars 
handled.  In  1922,  the  total  tonnage  of  freight 
handled  through  the  terminal  freight  houses 
will  be  1 8. 8  per  cent  greater  than  the  tonnage 
in  1912. 

Chicago,  as  a  railroad  terminal,  is  the  greatest 
point  of  interchange  for  through  freight  cars  in 
the  United  States.  The  number  of  cars  received 
and  forwarded  is  dependent  upon  the  general 
traffic  activity  of  the  whole  country.  As  the 
nation's  traffic  increases  Chicago's  interchange 
will  increase.  It  is  assumed  that  the  growth  for 
the  period  from  1903  to  1912,  inclusive,  indicates 
the  tendency  which  will  obtain  for  the  near 
future.  The  number  of  freight  cars  received  and 
forwarded  in  1922  will,  on  this  assumption,  to- 
tal approximately  21,000,000,  an  increase  of  41.3 
per  cent  over  the  number  handled  in  1912. 


203.12  Summary  of  Conclusions  with  Refer- 
ence to  the  Growth  of  Chicago's  Railroad  Ter- 
minals: The  conclusions  to  be  drawn  from  the 
studies  which  have  been  made  concerning  the 
growth  of  trackage  and  traffic  of  the  steam  rail- 
roads of  Chicago  in  the  Area  of  Investigation 
may  be  summarized  as  follows: 

1.  The  total  trackage  in  1912  was  3,987.58 
miles.     It  may  be  expected  that  the  increase 
will  be  approximately  at  the  rate  of  3  per 
cent  per  year.     By  1922,  the  total  mileage 
of  track  will  be  30.8  per  cent  greater  than 
the  total  mileage  in  1912. 

2.  The  number  of  through  passengers  ar- 
riving and  departing  in  1912  was  11,099,783. 
It  may  be  expected  that  the  increase  will 
be  approximately  at  the  rate  of  4  per  cent 
per  year.     By  1922,  the  number  of  through 
passengers  will  be  40.3  per  cent  greater  than 
the  number  of  such  passengers  in  1912. 

3 .  The  number  of  suburban  passengers  a/- 
riving  and  departing  in  1912  was  42,119,593. 
It  may  be  expected  that  the  average  increase 
will  be  approximately  at  the  rate  of  0.7  per 
cent  per  year.     By    1922,   the  number  of 
suburban  passengers  will  be   7.2   per  cent 
greater  than  the  number  of  such  passengers 
in  1912. 

4.  The  number  of  all  passengers  arriving 
and  departing  in   1912  was  53,219,376.     It 
may  be  expected  that  the  average  increase 
will  be  approximately  at  the  rate  of  1.4  per 
cent  per  year.     By  1922,  the  total  number 
of  passengers  will  be   14  per  cent  greater 
than  the  total  number  in  1912. 

5.  The    average    number    of    week    day 
scheduled  through  passenger  trains  arriving 
and  departing  in  1912  was  579  per  day.     It 
may  be  expected  that  the  average  increase 
will  be  approximately  at  the  rate  of  1.2  per 
cent  per  year.     By  1922,  the  total  number 
of  through  passenger  trains  will  be  12.3  per 
cent  greater  than  that  in  1912. 

6.  The  average  number  of  week  day  sched- 
uled suburban  passenger  trains  arriving  and 
departing  in  1912  was  793  per  day.     It  may 
be  expected   that  the  average  increase  will 
be  approximately  at  the  rate  of  0.24  per  cent 
per  year.     By    1922,   the  total   number  of 
suburban  passenger  trains  will   be  2.4  per 
cent  greater  than  the  number  of  such  trains 
in  1912. 

7.  The  average  number  of  all  week  day 
scheduled  passenger  trains  arriving  and  de- 
parting in  1912  was  1,372  per  day.     It  may 
be  expected  that  the  average  increase  will 


GROWTH  OF  THE  CHICAGO  RAILROAD  TERMINALS 


613 


be  approximately  at  the  rate  of  0.7  per  cent 
per  year.  By  1922,  the  total  number  of  all 
passenger  trains  will  be  6.7  per  cent  greater 
than  the  number  of  such  trains  in  1912. 

8.  The  number  of  tons  of  freight  handled 
through  terminal  freight  houses,  as  reported 
in  1912,  was  8,549,630.  It  may  be  expected 
that  the  increase  will  be  approximately  at 
the  rate  of  1.9  per  cent  per  year.  By  1922, 
the  total  tonnage  handled  through  freight 


houses  will  be  18.8  per  cent  greater  than  the 
total  tonnage  in  1912. 

9.  The  number  of  freight   cars   receiv 
in  and  forwarded  from  the  Area  of  Invest! 
gation,  as  reported  in  1912,  was  14,826,730 
It  may  be  expected  that  the  increase  will 
be  approximately  at  the  rate  of  4.1  per  cent 
per  year.     By    1922,   the  total   number  of 
freight  cars  will  be  41.3  -per  cent  greater 
than  the  total  number  of  such  cars  in  1912. 


204.    THE  POSSIBILITY  OF  ELIMINATING  THE  STEAM  LOCOMOTIVE 
AND  OF  MEETING  ALL  OPERATING   REQUIREMENTS  WITHOUT 
RESORT  TO  COMPLETE  ELECTRIFICATION 


SYNOPSIS:  The  plan  of  substituting  some  other  type  of  self -propelled  power  unit  for  the 
steam  locomotive  has  been  a  subject  much  discussed  in  recent  years.  This  chapter  presents  descrip- 
tions of  all  self-propelled  units  which  have  thus  far  been  developed  and  describes  certain  inventions 
which  in  their  further  development  seem  to  give  promise  of  a  satisfactory  solution  of  the  problem. 
The  conclusion  is  reached  that  there  is  available,  at  this  time,  no  form  of  locomotive  carrying  its 
own  power,  other  than  the  steam  locomotive,  capable  of  handling  the  traffic  of  the  Chicago  railroad 
terminals. 


204.01  Fundamental  Aspects  of  the  Problem: 

There  has  been  considerable  discussion  concern- 
ing the  possibility  of  handling  the  traffic  of  the 
Chicago  terminals  by  means  of  some  power  other 
than  steam,  the  adoption  of  which  would  be  less 
revolutionary  and  would  involve  less  expense  than 
the  complete  electrification  of  the  terminals.  The 
Committee  has,  from  the  beginning  of  its  work, 
felt  the  importance  of  extending  its  study  into  any- 
field  of  activity  which  gives  promise  of  useful 
information,  and  it  has  not  failed  to  consider  the 
possibilities  of  the  self-propelled  motor  car  or  mo- 
tor locomotive.  In  the  development  of  this  study, 
the  Committee  has  sought  to  measure  the  utility 
of  any  system  of  mechanism  by  results  already  ac- 
complished in  service  rather  than  by  theories  con- 
cerning results  to  be  expected  from  mechanisms 
as  yet  undeveloped.  The  problem  of  producing 
a  satisfactory  motor  car  or  motor  locomotive  for 
railroad  service  involves  much  more  than  the 
choice  of  a  type  of  mechanism  or  motive  power. 
It  is  a  matter  of  detail  of  design,  of  reliability  in 
service,  of  efficiency  in  operation  and  of  cost  of 
maintenance;  and  these  are  matters  the  signifi- 
cance of  which  can  only  be  demonstrated  by 
extensive  trials  under  the  conditions  of  actual 
service. 

204.02  Service  to  be  Performed :  An  estimate 
of  the  sufficiency  of  any  type  of  locomotive  for 
the   service   of   the   Chicago   terminals   must   be 
based  upon  a  clear  understanding  of  the  work 
which  is  being  performed  by  the  steam  locomo- 
tives now  operating  in  the  terminals.     A  detailed 
discussion  of  this  question  is  presented  in  chapter 


202,  but  a  review  of  the  facts  which  are  there 
set  forth  may  be  presented  in  this  connection. 

Switching  service,  including  freight  transfer 
service  and  passenger  transfer  service,  con- 
stitutes a  large  part  (59  per  cent)  of  the  total 
locomotive-mileage  of  the  terminals.  The  essen- 
tial characteristics  of  the  steam  locomotives 
at  present  engaged  in  this  service,  based  upon 
the  Committee's  observations  and  upon  reports 
furnished  by  the  railroads,  are  presented  as 
table  CCXXV. 

TABLE  CCXXV.     ESSENTIAL  CHARACTERISTICS  OF  THE  STEAM 

LOCOMOTIVES  NOW  ENGAGED  IN  SWITCHING 

SERVICE  IN  THE  CHICAGO  TERMINALS 


Wright  on  Drivers 

I  '"in  i.U 

A  \ITHKC* 
Wright 
nil 

Drivers 
Pounda 

\\i-raice 
Rated 
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Tractive 
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IVr  (Ynt 
.if 
Tout  Nn.  <>f 
l.iK-iimotivea 

i 

! 

3 

4 

.VMXXIto    75.000 
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125,1X11)        I.VI.IMKI 
I.VP.IXXI          17\<XXI 

I75.oo<>      zoo.nrxi 

200.000       225,000 

M..7IXI 
94.7IX) 
IL'II.IKKI 

18MOO 

168.7OO 
182.500 

19.880 
20.000 
23.230 
10,140 

37.420 

td.l.M) 
42.8M 

0.72 
12.72 
30  47 
33.16 
11.11 
8.24 
3  58 

Avenue   .  . 

I.C..900 

7HO 

11X1  (XI 

The  facts  presented  justify  the  conclusion  that 
a  locomotive  of  from  500  to  800  horse-power,  so 
designed  as  to  develop  the  tractive  effort  per- 
mitted by  a  weight  of  100,000  to  150,000  pounds 
on  drivers,  should  serve  for  the  normal  switch- 
ing purposes.  Since  all  other  classes  of  service 
involve  greater  power  than  this,  the  switching 
service  presents  to  the  designer  of  any  new  type 
of  locomotive  favorable  conditions  so  far  as 
power  requirements  are  concerned. 

Locomotives  engaged   in   road   freight   service 
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perform  8  per  cent  of  the  total  locomotive-mile- 
age in  the  Chicago  terminals.  The  essential  char- 
acteristics of  the  steam  locomotives  at  pres- 
ent engaged  in  this  service  and  data  relating  to 
the  work  to  be  performed,  based  upon  the  Com- 
mittee's observations  and  upon  reports  furnished 
by  the  railroads,  are  as  follows: 


Average  weight  on  drivers,  pounds 
Maximum  weight  on  drivers,  pounds 
Average  tractive  effort,  pounds 
Maximum  tractive  effort,  pounds  . 
Average  schedule  speed,  mi.  per  hr.     . 
Average  trailing  load,  tons 
Average  length  of  run,  miles 


218,300 

35.295 

51,630 

9-4 

988 

2.8 


Steam  locomotives  of  recent  design  are  heavier 
and  more  powerful  than  the  average  locomotive 
in  road  freight  service  as  denned  above.  Taking 
this  fact  into  account,  it  is  believed  that  road 
freight  service  requires  for  best  results  a  loco- 
motive weighing  200,000  pounds  on  drivers  and 
capable  of  developing  2,000  horse-power. 

Locomotives  engaged  in  through  passenger 
service  perform  16  per  cent  of  the  total  locomo- 
tive-mileage in  the  Chicago  terminals.  Essential 
characteristics  of  the  steam  locomotives  at  present 
engaged  in  this  service,  and  data  relating  to  the 
work  to  be  performed,  based  upon  the  Commit- 
tee's observations  and  upon  information  supplied 
by  the  railroads,  are  as  follows : 


Average  weight  on  drivers,  pounds 
Maximum  weight  on  drivers,  pounds 
Average  tractive  effort,  pounds 
Maximum  tractive  effort,  pounds    . 
Average  schedule  speed,  mi.  per  hr. 
Average  trailing  load,  tons    . 
Average  length  of  run,  miles 


125,460 

178,500 

26,620 

4'. 'SO 
19.6 

350 
3-6 


Through  passenger  service  requires  locomotives 
as  powerful  as  those  used  in  freight  service  but 
of  somewhat  different  proportions.  Any  passen- 
ger locomotive  designed  to  handle  the  through 
service  in  and  out  of  the  Chicago  terminals 
should  be  capable  of  developing  not  less  than 
2 ,000  horse-power. 

Locomotives  engaged  in  suburban  passenger 
service  perform  17  per  cent  of  the  total  locomo- 
tive-mileage in  the  Chicago  terminals.  Essential 
characteristics  of  the  steam  locomotives  at  pres- 
ent engaged  in  this  service  and  data  relating  to 
the  work  to  be  performed,  based  upon  the  Com- 
mittee's observations  and  upon  information 
furnished  by  the  railroads,  are  as  follows: 


Average  weight  on  drivers,  pounds 9r>.J4° 

Maximum  weight  on  drivers,  pound- 154,000 

Average  I racli vi- effort,  pounds Kj.o.y 

Maximum   tractive  effort,  pounds 34.""" 

Average  schedule  speed,  mi.  per.  hr 19.0 

Average  trailing  load,  tons 167 

Average  length  of  run,  miles 1.2 

Suburban  service  requires  locomotives  capable 
of  developing  from  600  to  1,000  horse-power. 

204.03  Classification   of   Principal  Types  of 
Self -Propelled  Units:  The  principal  types  of  self- 
propelled    cars    and    self-propelled    locomotives, 
other  than  those  using  steam,  may  be  classified 
as  follows: 

1 .  Internal  Combustion  Motor  Type. 

a.  Mechanical  Drive: 

Internal  combustion  motor  with  mechan- 
ical transmission  including  clutch  and  chain 
or  gear. 

b.  Electric  Drive : 

1 .  Electric  generator  direct  connected  to 
internal    combustion  motor  in  combination 
with   electric    motor   or   motors   connected 
to  driving  axle  or  axles. 

2.  Same  as  No.  i,  but  in  combination 
with   storage  batteries   carried    on    car    or 
locomotive. 

c.  Compressed  Air  Drive: 

Internal    combustion   motor   direct   con- 
nected   to   air   compressor  in    combination 
with    air  motor   or   motors    connected    to 
driving  axle  or  axles. 
.d.    Hydraulic  Drive: 

Internal  combustion  motor  direct  con- 
nected to  variable  stroke  hydraulic  pump 
in  combination  with  hydraulic  motor  or 
motors  connected  to  driving  axle  or  axles. 
e.  Direct  Connected  Motor: 

Diesel  engine  direct  connected  to  the 
driving  axle. 

2.  Compressed  Air  Type. 
Air  Storage  System. 

3.  Hot  Water  Type. 

Hot  Water  Storage  System. 

4.  Storage  Battery  Type. 

a.  Lead  Batteries. 

b.  Edison  Batteries. 

Other  types  have  been  proposed,  some  of  which 
are  known  to  be  in  process  of  development. 

204.04  Internal  Combustion  Motor  Cars  and 
Locomotives:*   The  development  of  the  internal 
combustion  engine  and  the  marked  success  which 
has   attended   its   use   in   automobile   construc- 
tion naturally  suggest  the  possibility  of  its  appli- 
cation  to   railroad   service.     Some   progress   has 

•See  »l«o  "The  Internal  Combustion  Engine.  lu  Vtf  »nd  Development."  bv 
W.  R.  Mi  Keen.  Jr..  M.E..  E.E..  Committee '»  Bulletin  III.  Vol.  II.  August. 
1911. 
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already  been  made  in  adapting  the  gasoline 
engine  to  the  requirements  of  light  or  special 
railroad  service,  but  the  power  requirements  of 
heavy  railroad  service  are  beyond  the  present 
capacity  of  gasoline-driven  units.  Before  enter- 
ing upon  a  description  of  individual  mechanisms, 
it  will  be  well  to  consider  briefly  the  difficulties 
which  the  problem  presents. 

Modern  railroading  is  conducted  upon  such 
an  enormous  scale  and  involves  the  movement 
of  such  heavy  loads,  that  the  work  can  be  suc- 
cessfully accomplished  only  through  the  applica- 
tion of  very  large  power  units.  It  has  been  shown 
that  ordinary  switching  service  requires  the  use 
of  locomotives  capable  of  developing  from  500 
to  800  horse-power,  while  through  freight  and 
through  passenger  services  require  units  develop- 
ing from  r  ,000  to  2 ,000  horse-power.  If  an  internal 
combustion  locomotive  is  to  take  the  place  of  the 
modern  steam  locomotive,  it  must  be  capable  of 
developing  these  high  rates  of  power,  or  railroad 
operation  must  be  modified  to  permit  the  work 
to  be  done  by  smaller  units. 

The  first  difficulty,  therefore,  which  confronts 
the  designer  of  the  internal  combustion  locomotive 
is  that  of  developing  sufficient  power.  Difficulties 
in  controlling  cylinder  temperatures  incident  to 
the  action  of  internal  combustion  engines  limit 
the  dimensions  of  cylinders  and  consequently  the 
amount  of  power  which  can  be  secured  from  a 
cylinder.  Any  failure  to  observe  the  limitations 
controlling  the  size  of  cylinders  in  gasoline  engines 
introduces  operating  troubles  arising  from  various 
sources  such  as  pre-ignition  and  increased  diffi- 
culties in  lubrication.  Consequently,  whenever 
the  power  requirement  is  greater  than  that  which 
can  be  developed  by  a  single  cylinder,  it  is  neces- 
sary to  multiply  cylinders,  and  large  power  re- 
quirements necessitate  the  use  of  many  cylinders. 

Oil  engines  of  the  Diesel  type  are  free  from 
some  of  the  limitations  which  apply  to  gasoline 
driven  engines.  The  fuel  supplying  these  en- 
gines is  not  introduced  into  the  cylinder  until 
it  is  needed  and  hence  there  is  no  trouble  from 
pre-ignition.  While  limitations  in  the  amount 
of  power  which  can  be  developed  by  a  single 
cylinder  must  still  be  recognized,  the  limiting 
values  are  enormously  higher  for  oil  engines  than 
for  gasoline  engines. 

Another  difficulty  in  the  application  of  internal 


combustion  engines  to  locomotive  service  arises 
from  the  fact  that  such  engines  are  not  self- 
starting.  In  automobile  service,  where  compar- 
atively light  engines  are  used,  the  problem  of 
starting  is  not  in  itself  a  difficult  one,  but  in 
locomotive  service,  especially  in  switching  where 
starts  and  stops  are  frequent  and  where  the 
starting  must  be  accomplished  with  the  full  load 
upon  the  locomotive,  the  problem  is  more  serious. 
Ordinarily  an  internal  combustion  locomotive 
must  in  some  way  perform  the  function  of  start- 
ing and  of  connecting  the  rotating  engine  to  the 
driving  axle.  The  performance  of  such  a  func- 
tion, in  the  presence  of  the  amount  of  power  re- 
quired in  locomotive  service,  constitutes  a  diffi- 
cult problem,  to  which  the  simple  mechanisms 
employed  in  automobile  construction  have  not 
been  successfully  applied. 

Rapid  progress  has  been  made  in  recent  years 
in  the  application  of  the  internal  combustion 
engine  to  marine  service.  The  gasoline  engine 
of  small  power  is  used  effectively  throughout  the 
world  for  propelling  small  water  craft.  The  use 
in  large  vessels  of  high  powered  oil  engines  of 
the  Diesel  type  is  now  quite  commonly  under- 
stood. Marine  service  is,  however,  far  more 
favorable  than  railroad  service  to  the  successful 
use  of  the  internal  combustion  engine.  The 
starting  load  may  be  materially  less,  and  once 
started,  the  engine  may  continue  working  at 
practically  constant  speed  for  long  periods  of 
time.  Movements  involving  frequent  starts  and 
stops  are  always  provided  for  with  difficulty  in 
the  design  of  internal  combustion  engines.  Such 
movements  are  required  less  frequently  in  the 
engine  of  a  ship  than  they  are  in  the  engine 
of  a  locomotive. 

The  adoption,  for  general  use  in  the  terminal 
yards  of  Chicago,  of  any  type  of  gasoline  or  oil- 
driven  locomotive,  assuming  for  the  moment  such 
a  locomotive  to  be  available,  would  introduce  a 
new  element  of  danger  in  operation.  Every  such 
locomotive  would  carry  its  individual  supply  of  gas- 
oline or  oil,  and  distributing  centers  from  which 
locomotives  could  receive  supplies  would  be  re- 
quired. The  presence  of  quantities  of  inflamma- 
ble materials  in  store  at  locomotive  terminals,  and 
the  fact  that  tanks  of  such  materials  on  locomo- 
tives must  always  be  associated  with  the  move- 
ment of  cars,  would  introduce  an  element  of  hazard. 
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With  this  general  understanding  of  the  princi- 
ples involved,  it  will  be  of  interest  to  consider 
with  some  care  just  what  has  been  accomplished 
in  the  adaptation  of  the  internal  combustion 
engine  to  railroad  service. 

Mechanical  Drive 

The  Union  Pacific  Railroad,  in  1901,  began  to 
develop  a  gasoline  car  for  use  on  lines  having 
light  traffic.  The  following  description  of  this 
car  is  abstracted  from  the  report  of  the  Com- 
mittee on  Equipment  of  the  American  Electric 
Railway  Engineering  Association,  October,  1912: 

The  original  car  was  31  feet  long  and  was 
mounted  upon  one  four-wheel  truck.  Mounted 
crosswise  on  this  truck  was  a  vertical  gasoline 
engine  connected  to  the  axle  through  a  chain  and 
clutch.  This  car  was  the  forerunner  of  the 
present  McKeen  motor  cars  which  are  now  being 
built  of  steel  in  lengths  as  great  as  70  feet  and 


that  of  the  McKeen  cars,  although  the  essential 
functions  are  the  same.  A  six-cylinder  gasoline 
engine  is  mounted  in  the  forward  compartment 
with  its  shaft  lengthwise  the  car,  and  is  connected 
through  a  suitable  clutch  with  a  long  transmis- 
sion shaft  which  in  turn  connects,  through  beveled 
gears,  with  the  front  axle  of  the  rear  truck. 

These  mechanically  connected  gasoline-driven 
motor  cars  are  reported  as  performing  efficient 
service  on  branch  lines.  The  extent  to  which 
these  cars  could  be  made  serviceable  in  the 
work  of  the  Chicago  terminals  is  limited.  They 
are  chiefly  interesting  in  connection  with  the 
present  study  because  of  the  possibilities  they 
present  for  the  development  of  a  gasoline  loco- 
motive. The  manufacturers  of  these  cars  have, 
in  fact,  outlined  a  proposal  for  a  locomotive,  but 
thus  far  neither  of  the  companies  mentioned  has 


FIG.  438.    McKEEN  MOTOR  CAR 


with  seating  capacities  for  as  many  as  105  passen- 
gers. The  equipment  of  these  cars  includes  a 
six-cylinder  vertical  engine  of  200  horse-power 
mounted  crosswise  on  the  truck  and  driving  an 
auxiliary  shaft  parallel  to  and  between  the  axles 
of  the  truck.  The  engine  is  supplied  with 
a  compressed  air  starting  device  and  is  connected 
with  the  driving  axle  of  the  car  through  the 
medium  of  a  friction  clutch  and  a  chain  drive. 

These  34-ton  cars  are  reported  to  have  made 
speeds  of  more  than  75  miles  an  hour  on  level 
track.  It  is  reported  also  that  in  May,  1912, 
there  were  124  McKeen  cars  in  service  in  the 
United  States,  Mexico  and  Australia.  An  illus- 
tration of  a  McKeen  motor  car  is  presented  as 
fig-  438. 

Gasoline  motor  cars  having  engines  mechanic- 
ally connected  to  the  driving  axles  are  also  made 
by  the  Hall-Scott  Motor  Car  Company  of  San 
Francisco.  A  number  of  these  cars  are  reported 
to  be  in  successful  operation.  The  arrangement 
of  the  mechanism  is  materially  different  from 


built  a  machine  possessing  sufficient  power  to 
perform  the  service  of  the  modern  switching 
locomotive.  While  the  outlook  is  not  with- 
out promise,  there  is  at  present  no  mechanism 
of  the  type  described  which  the  Chicago  rail- 
roads could  substitute  for  steam  locomotives. 

Electric  Drive 

In  the  internal  combustion  type  of  motor  car 
with  electric  drive,  the  essential  feature  of  the 
connecting  mechanism  is  a  system  of  electric  de- 
vices consisting  of  a  generator,  motors  and  con- 
trolling apparatus.  The  gasoline  engine  which 
constitutes  the  source  of  power  is  direct  con- 
nected to  an  electric  generator,  the  general 
arrangement  being  such  as  may  be  found  in  any 
centralized  power  plant.  The  axles  of  the  car 
are  driven  by  motors  not  essentially  different 
from  those  of  any  electric  car.  The  engine- 
generator  and  the  car  motors  are  connected  by 
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suitable  controlling  and  transmitting  devices. 
In  operation  the  engine  with  its  connected  gener- 
ator may  be  started  without  load  and  run  con- 
tinuously at  uniform  speed.  It  need  not  be 
stopped  when  the  car  is  stopped.  With  the  en- 
gine and  generator  in  constant  motion  the  means 
are  at  hand  whereby  the  car  may  be  started  and 
stopped  with  practically  the  same  degree  of  ease 
and  certainty  as  attends  the  operation  of  cars 
receiving  power  from  an  outside  source.  While 
the  presence  of  generators,  motors  and  control 
apparatus  appears  at  first  sight  to  be  a  compli- 
cated substitute  for  a  friction  clutch,  the  arrange- 
ment possesses  certain  advantages  which,  it  is 
assumed,  justify  the  increased  cost  and  complica- 
tion involved.  A  statement  of  the  historical  de- 
velopment of  such  cars,  as  abstracted  from  a 
report  of  the  Committee  on  Equipment  of  the 


closely  resembled  a  standard  railroad  coach,  was 
65  feet  long,  g  feet  8  inches  wide,  and  was  divided 
into  engine,  baggage  and  smoking  compartments 
and  main  saloon.  This  car  weighed  68  tons  and 
seated  40  passengers.  The  power  plant  was 
a  six-cylinder,  horizontally  opposed,  i40-horse- 
powcr  Woolcslcy  engine  and  was  started  by  the 
explosion  of  a  powder  cartridge  in  one  of  the 
cylinders.  The  engine  was  direct  connected  to 
a  6oo-volt  generator,  which  was  excited  by  a 
i25-volt  chain-driven  exciter.  Current  at  vari- 
able voltage  was  supplied  to  the  motors.  The 
second  car  was  all  steel,  49  feet  long,  8  feet  8  inches 
wide.  It  weighed  31  tons  and  was  divided  into 
compartments  similar  to  those  of  the  first  car. 
with  a  seating  capacity  for  45  passengers,  but 
unlike  the  first  it  was  constructed  for  single-end 
operation  only.  The  engine  was  of  the  eight- 
cylindcr,  vertical  type,  of  200 -horse -power  cap- 
acity, and  was  direct  connected  to  a  6oo-volt 
generator.  The  third  car  is  typical  of  all  of  the 
recent  General  Electric  designs;  it  is  of  steel,  70 
feet  long,  weighing  50  tons,  and  like  the  other  cars 


FIG.  439.     TYPICAL  GASOLINE-ELECTRIC  CAR  BUILT  BY  THE  GENERAL  ELECTRIC  COMPANY 


American  Electric  Railway  Engineering  Associa- 
tion, October,  1912,  is  as  follows: 

A  gasoline-electric  car  manufactured  in  the 
United  States  in  1890  by  the  I'atton  Motor  CUT 
Company  was  equipi)ed  with  an  i8-horse-power 
gasoline  engine  direct  connected  to  a  12 -kilowatt 
generator  which  supplied  current  to  a  single  35- 
horse-powcr  motor.  An  auxiliary  battery  of  1 50 
ampere-hour  capacity  served  to  assist  the  genera- 
tor during  acceleration  and  to  supply  current  for 
lighting.  The  weight  of  this  car  was  1 1  tons. 
Seven  years  later  the  same  company  built  a  16- 
foot  car  which  weighed  13  tons  and  was  equipped 
with  a  2  5 -horse-power  gasoline  engine  direct 
connected  to  a  15 -kilowatt  2  20- volt  generator 
which  supplied  current  to  two  3  5-horse-power 
motors.  An  auxiliary  battery  of  aoo-ampere- 
hour  capacity  was  employed.  This  car  was  de- 
signed for  a  maximum  speed  of  40  miles  per  hour 
when  coupled  to  an  1 8-ton  trailer. 

In  1902,  the  General  Electric  Company,  and 
also  William  B.  Strang,  began  to  experiment 
simultaneously  with  the  gasoline-electric  car  in 
the  United  States.  The  General  Electric  Com- 
pany built  three  cars  which  differed  only  in  size 
and  method  of  control.  The  first  car,  which 


is  divided  into  compartments  with  a  seating 
capacity  for  .45  passengers.  The  engine  is  an 
eight-cylinder.  1 2<;-horsc-po\vcr.  vertical  type. 
550  revolutions  ]KT  minute  machine,  and  is 
started  by  compressed  air.  The'  engine  u 
in  the  Strang  car  was  of  the  six-cylinder  vertical 
type,  and  only  the  series-parallel  method  of  con- 
trol was  used.  The  car  had  an  auxiliary  battery 
of  3oo-am]>cre-hour  capacity,  to  assist  on  the 
jx?ak  loads  and  to  operate  the  car  about  terminals 
when  the  plant  was  not  running.  The  essential 
differences  of  design  between  the  General  Electric 
and  the  Strang  gasoline-electric  cars  an-  apparent 
in  the  type  of  engine  used,  in  the  method  of  con- 
trol and  in  the  storage  battery  auxiliary. 

It  is  reported  that  approximately  100  General 
Electric  cars  are  now  in  service.  A  typical  gaso- 
line-electric car,  built  by  the  General  Electric 
Company,  is  illustrated  by  fig.  439. 

The  gasoline-electric  car  developed  by  the 
French  Westinghouse  Company  has  lately  been 
introduced  into  this  country  by  the  Drake  Rail- 
way Automotrice  Company  of  Chicago.  Several 
of  these  cars  are  now  in  service  in  the  United 
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States.  This  car  is  similar  in  principle  to  the 
General  Electric  Company  type,  although  the 
details  of  construction  are  somewhat  different. 

A  gasoline-electric  locomotive,  involving  the 
essential  features  of  the  gasoline-electric  car,  has 
been  built  by  the  General  Electric  Company. 
This  locomotive  is  now  in  daily  freight  and 
terminal  service  between  Minneapolis  and  North- 
field,  Minn.,  on  the  lines  of  the  Minneapolis,  St. 
Paul,  Rochester  &  Dubuque  Electric  Traction 
Company,  popularly  known  as  the  "Dan  Patch" 
line.  The  power  plant  consists  of  two  generating 
units,  each  being  a  replica  of  that  used  in  the 
standard  gasoline-electric  motor  cars  built  by  the 
General  Electric  Company.  Each  of  these  units 
consists  of  an  eight-cylinder,  four-cycle  gasoline 
engine  direct  connected  to  a  6oo-volt  generator. 
The  engines  are  started  by  means  of  compressed 


is  significant,  the  machine  itself  is  not  sufficiently 
heavy  to  withstand  the  service  of  the  Chicago  rail- 
road yards  and  its  power  is  insufficient  for  much 
of  the  work  required  there.  Its  designers  have 
considered  the  practicability  of  building  a  loco- 
motive of  double  its  power  by  installing,  in  a 
single  vehicle,  four  standard  power  units,  which 
would  give  32  cylinders  capable  of  developing 
approximately  800  horse-power.  An  illustration 
of  the  gasoline-electric  locomotive  now  in  service 
on  the  "Dan  Patch"  line  is  shown  as  fig.  440. 
It  is  evident  that  the  possibilities  of  develop- 
ing a  gasoline-electric  locomotive  of  sufficient 
power  to  be  generally  serviceable  in  the  terminal 
work  of  Chicago  have  not  yet  been  exhausted. 

Compressed  Air  Drive 

In  this  type,  the  connection  between  the  axle 
of  the  internal  combustion  engine  and  the  axle  of 


FIG.  440.    GASOLINE-ELECTRIC  LOCOMOTIVE  OF  THE  "DAN  PATCH"  LINE 


air,  but  are  so  equipped  that  after  one  unit  is  in 
operation  the  second  may  be  started  electrically. 
An  auxiliary  unit  is  provided  to  furnish  current 
for  lighting  and  to  drive  an  air  compressor 
which  furnishes  the  initial  charge  of  air  for  start- 
ing the  first  engine.  The  locomotive  is  of  the 
double-truck  type  with  four  motors,  one  motor 
being  connected  through  gears  to  each  of  the  four 
axles.  The  locomotive  weighs  114,000  pounds 
and  has  a  maximum  tractive  effort  of  30,000 
pounds.  While  the  service  of  this  locomotive 


the  car  is  secured  through  a  train  of  mechanism 
in  which  compressed  air  is  the  working  medium. 
A  locomotive  using  compressed  air  for  power 
has  been  patented  recently  by  a  firm  in  Glasgow, 
Scotland.  The  locomotive  carries  its  own  com- 
pressing plant,  the  compressor  being  driven  by 
Diesel  oil  engines  generating  1,000  horse-power. 
The  design  comprises  a  i4-wheel  locomotive,  with- 
out tender,  so  arranged  as  to  run  with  equal  facil- 
ity and  at  equal  speed  in  either  direction.  Two 
sets  of  oil  engines  with  compressors  are  located 
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near  the  center  of  the  locomotive  housing.  While 
running,  the  locomotive  will  draw  its  compressed 
air  supply  direct  from  this  compressing  plant,  but 
power  for  starting  will  be  taken  from  a  number  of 
bottle-shaped  reservoirs  placed  along  the  roof. 
No  information  is  at  hand  as  to  progress  made 
in  developing  a  machine  under  this  patent. 

A  locomotive  has  been  designed  and  patented 
by  Charles  Whiting  Baker  of  New  York  City,  in 
which  compressed  air  is  used  to  transmit  the 
power  of  an  internal  combustion  engine  to  the  loco- 
motive axles.  This  locomotive  closely  resembles 
the  present  steam  locomotive.  Its  cylinders  and 
running  gear  are  similar  to  those  of  the  steam 
locomotive  except  that  they  are  designed  for  the 
use  of  compressed  air  instead  of  steam.  In  place 
of  the  boiler  there  is  a  cylindrical  tank  for  a 
charge  of  compressed  air.  The  supply  of  com- 
pressed air  is  maintained  through  the  operation 
of  an  internal  combustion  engine  of  the  Diesel 
type,  which  drives  air  compressing  cylinders 
placed  directly  below  the  power  cylinders  of  the 
engine  and  in  tandem  with  them,  the  engine 
piston  and  the  compressor  piston  being  on  the 
same  rod.  The  engine-compressor  is  designed  to 
run  at  high  speed.  The  air  is  stored  at  compara- 
tively low  pressure  and  before  being  used  is 
reheated  by  the  exhaust  gases  from  the  engine. 
A  system  for  cooling  the  engine  cylinders  is 
applied,  which  embodies  the  principle  of  bringing 
the  water  in  direct  contact  with  the  lower  side 
of  the  engine  piston,  in  the  space  between  the 
engine  and  air  pistons,  the  steam  generated  from 
the  cooling  water  being  allowed  to  pass  into  the 
air  storage  tanks.  The  design  presents  many 
novel  and  interesting  features.  No  locomotive 
has  as  yet  been  constructed  under  the  Baker 
patents. 

Hydraulic  Drive 

In  this  type,  the  connection  between  the  in- 
ternal combustion  engine  shaft  and  the  axle 
of  the  car  is  secured  through  a  mechanism  in 
which  a  liquid  is  the  working  medium.  Several 
similar  systems  of  mechanism  have  been  well 
worked  out  and  are  in  use.  One  of  these,  the 
invention  of  Charles  M.  Manly  of  New  York 
City,  has  been  successfully  applied  to  motor 
trucks.*  It  consists  of  a  pump  attached  to  the 
driving  shaft  of  the  engine  and  a  fluid-pressure 


motor  on  the  driving  axle  or  axles  of  the  vehicle 
in  hydraulic  connection  with  the  pump.  The 
pump  and  motor  are  combined  in  a  single  mech- 
anism. The  contact  is  controlled  by  a  single 
operating  lever.  The  fluid  used  is  oil.  With 
this  device  the  engine  may  be  started  without 
load  and  run  at  a  constant  speed.  When  the 
operating  lever  is  moved  to  one  of  its  extreme 
positions,  the  driven  shaft  revolves  in  the  same 
direction  as  the  driving  shaft  and  at  its  highest 
speed.  When  the  lever  is  moved  to  reverse 
position,  the  driven  shaft  revolves  in  the 
opposite  direction  at  its  highest  speed.  When 
the  lever  occupies  a  central  position,  the  driven 
shaft  comes  to  rest.  When  it  is  gradually  moved 
from  either  extreme  position  towards  the  center, 
the  speed  is  gradually  reduced  from  maximum  to 
zero.  As  the  speed  of  the  wheels  cannot  run 
ahead  of  that  which  corresponds  to  the  position 
of  the  lever  except  as  the  speed  of  the  engine  may 
be  accelerated,  the  controlling  lever  serves  as  a 
brake.  Furthermore,  as  the  speed  of  the  driven 
shaft  decreases  the  torque  increases  in  like  pro- 
portion. So  far  as  is  known,  no  application  of  this 
device  has  been  made  in  locomotive  construction, 
but  its  success  as  a  piece  of  mechanism  suggests 
the  possibility  of  its  being  used  in  such  service. 

Direct  Connected  Motor  (The  Diesel  Oil 
Locomotive} 

Thus  far  the  discussion  of  the  progress  that 
has  been  made  in  the  development  of  the  inter- 
nal combustion  railroad  car  and  locomotive  has 
centered  chiefly  in  the  use  of  the  gasoline  engine 
as  a  source  of  power.  It  has  been  shown  that 
the  use  of  such  engines  makes  difficult  the  develop- 
ment of  large  power  units  such  as  are  required  in 
locomotive  service.  It  has  been  shown  also  that, 
except  for  the  limitation  of  power,  the  prob- 
lem of  development  centers  in  the  mechanism  by 
which  the  power  of  the  engine  is  transmitted  to 
the  wheels  of  the  vehicle.  To  these  difficulties, 
inherent  in  the  design  of  the  gasoline  car  or  loco- 
motive, is  to  be  added  that  of  fuel  cost.  The 
locomotive  service  of  the  country  is  an  important 
fuel  consuming  industry,  involving  the  consump- 
tion of  approximately  a  hundred  million  tons  of 

•See  "Hydraulic  Speed  Control."  by  Charles  M.  Manly,  reprinted  from  a 
paper  before  the  Automobile  Club  of  America.  Jan.  9,  1912.  Also,  "Variable 
Speed  Power  Transmission."  by  George  H.  Barrus  and  Charles  M.  Manly, 
reprinted  from  the  Journal  of  the  American  Society  of  Mechanical  Engineers. 
Archives  of  the  Committee.  Vol.  C  I. 
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coal  per  year.  Any  change  in  practice,  which 
would  result  in  transferring  even  a  comparatively 
small  fraction  of  this  service  from  coal  to  gasoline, 
would  be  likely  to  affect  the  price  of  that  fuel. 

Tn  turning  from  the  gasoline  engine  to  the  crude 
oil  engine  of  the  Diesel  type,  two  of  these  sources 
of  difficulty  are  greatly  simplified,  if  they  are  not 
wholly  overcome.  In  the  Diesel  engine  the  power 
which  can  be  developed  from  a  single  cylinder  is 
raised  to  limits  which  satisfy  the  requirements  of 
locomotive  service,  and  the  availability  of  an 
abundant  fuel  supply  at  low  cost  is  made  certain. 
There  remain  only  those  problems  of  design  which 
center  in  the  engine  itself  and  in  the  means  to  be 
employed  in  transmitting  its  power  to  the  wheels 
of  the  locomotive.  Reference  has  already  been 
made  to  the  design  of  Charles  Whiting  Baker 
which  involves  the  use  of  a  Diesel  engine  as  its 
source  of  power.  Attention  may  now  be  given 
to  work  which  was  started  and  carried  well  on 
toward  its  present  state  of  development  under 
the  personal  direction  of  the  late  Dr.  Rudolph 
Diesel. 

The  Diesel  engine,*  as  a  source  of  power  for 
stationary  work,  for  marine  service  and  as  pro- 
posed for  locomotive  service,  constitutes  a  sig- 
nificant factor  in  the  development  of  the  internal 
combustion  locomotive.  The  principles  underly- 
ing its  design,  the  variety  of  uses  which  it  has 
been  made  to  serve  and  the  extent  to  which  it  is 
used,  are  all  well  set  forth  in  a  formal  address  de- 
livered by  Dr.  Diesel  at  a  meeting  of  the  Ameri- 
can Society  of  Mechanical  Engineers  at  New 
York,  in  April,  1912.  In  this  address  he  described 
his  locomotive  (see  figs.  441  and  442)  in  the  fol- 
lowing terms: 

"Of -the  Diesel  locomotive  nothing  has  hereto- 
fore been  published.  From  the  early  days  of  my 
invention,  I  have  been  of  the  opinion  that  the 
special  features  of  the  Diesel  engine  would  be  of 
even  greater  importance  for  transport  purposes 
than  for  stationary  work,  and  for  that  reason  I 
have  devoted  much  time  to  the  development  of 
the  engine  as  motive  power  for  transportation 
mediums.  I  have  already  mentioned  that  I  made 
the  first  small  ship  engine  in  1902  and  that  since 
that  time  the  Diesel  marine  engine  has  been 
developed  without  interruption.  I  further  men- 
tioned that  I  made  the  first  automobile  engine 
for  trucks  in  the  year  1899,  and  I  looked  forward 
to  the  development  of  this  branch  within  a  few 

•Invented  and  developed  by  Dr.  Rudolph  Diesel  of  Munich,  Germany. 


Finally,  I  have  to  say  that  I  have  worked 
i'or  five  years,  together  with  Sulzer  Brothers  at 
Wintcrthur,  and  Mr.  Adolph  Klose  of  Berlin, 
on  the  construction  of  a  Diesel  locomotive,  and 
that  the  first  express  train  locomotive  of  1,000  to 
1,200  horse-power  was  finished  a  few  weeks  ago 
and  is  now  on  the  testing  bed  in  the  Winterthur 
shops.  Five  years  is  a  very  long  time,  and  to 
explain  why  the  work  has  taken  so  long  I  must 
mention  that  the  thcrmo  locomotive  is  the  most 
difficult  problem  of  construction  that  can  be  taken 
up  in  the  way  of  modern  engine  building,  not  only 
on  account  of  the  difficulties  in  starting  and 
manceuvering  with  this  special  kind  of  motor, 
but  also  on  account  of  the  limitation  in  space 
and  weight.  Compared  with  this,  the  develop- 
ment of  the  reversing  and  of  the  Diesel  ship  engine 
has  been  relatively  simple.  Fig.  44 1  shows  the  de- 
sign of  this  locomotive,  the  car  of  which  was  made 
in  the  locomotive  works  of  A.  Borsig  at  Berlin. 
It  is  16.6  meters  (54.5  feet)  long  over  the  buffers 
and  has  two  buggies  of  two  axles  each  (i-i),  and 
two  driving  wheels  (2-2).  The  latter  are  not 
directly  coupled  with  the  engine  but  indirectly 
with  the  blind  axle  (3),  which  is  in  the  meantime 
the  crankshaft  of  the  Diesel  engine  (4). 

"The  Diesel  engine  is  an  ordinary  two-stroke 
cycle  engine  with  four  cylinders  (4-4)  coupled  in 
pairs  under  an  angle  of  90  degrees,  and  which 
drives  the  blind  axle  (3),  cranks  of  which  form  an 
angle  of  180  degrees.  This  disposition  gives  com- 
plete balancing  of  the  moving  masses,  the  first 
and  most  important  condition  when  putting  such 
engines  on  a  movable  platform.  Between  the 
working  cylinders  are  placed  two  scavenging 
pumps  (5)  driven  by  levers  from  the  connecting 
rod.  Beyond  the  engine  in  the  roof  of  the  car 
is  placed  the  muffler  (6).  On  the  right  of  the 
main  engine  stands  an  auxiliary  engine  (7). 
This  latter  consists  of  two  vertical  two-stroke 
cylinders  (7-7)  coupled  to  horizontal  air  pumps 
(8-8)  driven  by  these  cylinders.  The  cooler  for 
the  air  compressed  by  these  pumps  is  indicated 
at  (9).  These  air  pumps  serve,  according  to  a 
special  and  patented  process,  to  increase  the 
power  of  the  main  engine  when  starting,  ma- 
nceuvering and  going  uphill,  in  such  a  way  that 
auxiliary  compressed  air  and  auxiliary  oil  fuel  are 
conducted  into  the  main  cylinders,  by  which 
means  the  diagram  is  enlarged,  making  the  engine 
as  elastic  as  a  steam  engine.  For  the  current 
running  of  the  locomotive  the  main  cylinders  work 
like  ordinary  Diesel  engines  without  the  help  of 
the  auxiliary.  To  the  right  of  the  main  engine 
is  placed  a  battery  of  air  cylinders  (10)  which 
help  the  action  of  the  auxiliary  engine  and  which 
can  be  refilled  by  the  auxiliary  engine  at  times 
when  the  latter  is  not  used.  Two  pumps 
(n  and  12)  provide  for  the  water  circulation  in 
the  cylinder  jackets.  Apparatus  for  the  back 
cooling  of  the  water  by  evaporation  is  indicated 
at  (13),  and  at  (14)  the  tanks  for  fresh  water  and 
for  fuel.  A  small  donkey  boiler  at  (15)  is  for 
the  heating  of  the  trains.  The  channels  (16) 
under  the  roof  lead  the  fresh  air  to  the  suction 
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FIG.  441.     PRINCIPAL  DIMENSIONS  OF  THE  DIESEL  LOCOMOTIVE 
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i>i|>es  of  the  different  motors  and  pump  cytiaden, 

Tlu-  whole  plant  is  contained  in  ;i  closed  engine 
room,  which  makes  the  locomotive  look  from 
the  exterior  like  a  modern  steel  ear.  The  total 
weight  of  the  locomotive  in  service  is  85  tons. 

"The  engineer  can  operate  equally  well  on 
either  end  of  the  locomotive,  as  the  engine  is 
arranged  for  running  in  both  directions.  He 
has  a  direct  view  of  the  track.  Both  doors  and 
platform  lead  from  the  engine  to  the  train. 

"I  cannot  predict  whether  this  attempt  at  an 
entire-  revolution  in  the  working  of  railways 
will  be  successful  at  the  first  attempt,  or  whether 
it  must  be  repeated,  but  one  thing  is  certain  to  me, 
the  Diesel  locomotive  will  come,  sooner  or  later, 
according  to  the  perseverance  with  which  the 
problem  is  followed." 

It  will  be  noted  from  the  preceding  description 
that  the  engine  of  the  Diesel  locomotive,  being 
direct  connected  with  the  driving  mechanism  of 
the  vehicle,  can  be  started  only  as  the  whole 
machine  proceeds.  Starting  is  accomplished  by 
the  use  of  stored  air,  the  supply  of  which  must 
be  sufficient  not  merely  to  spin  the  engine  but 
to  make  the  locomotive  and  its  attached  train 
proceed.  With  frequent  starting,  as  in  switch- 
ing service,  the  engine  would  have  little  oppor- 
tunity to  function  as  an  internal  combustion 
engine,  for  when  starting  it  must  act  as  an  air- 
driven  engine. 

Dr.  Diesel's  visit  to  this  country  permitted 
conferences  with  representatives  of  the  Com- 
mittee concerning  the  possibility  of  the  Diesel 
locomotive  for  the  work  of  the  Chicago  terminals. 
Later,  Mr.  George  Gibbs  of  the  firm  of  Gibbs  & 
Hill,  Consulting  Electrical  Engineers,  made  a  per- 
sonal inspection  of  the  experimental  Diesel  loco- 
motive at  the  Sulzer  Works  in  Switzerland,  as 
a  representative  of  the  Committee.  An  extract 
of  Mr.  Gibbs'  report,  which  describes  the  results 
of  his  investigations,  is  as  follows: 

"In  accordance  with  your  request,  I  made, 
while  abroad  this  summer  (1912),  such  investi- 
gation as  was  practicable  of  the  status  of  the 
internal  combustion  engine  of  the  Diesel  type. 
I  called  upon  Dr.  Diesel  at  Munich  and  had  quite 
a  long  talk  with  him  and  obtained  a  letter  of 
introduction  to  the  Sulzer  Brothers,  builders  of 
his  engine  in  Wintcrthur,  Switzerland.  This  firm 
is  well  known  and  enjoys  an  excellent  reputation 
as  designers  and  builders  of  high  class  steam 
engines.  They  have  works  in  Germany,  as  well 
as  in  Switzerland,  but  the  growth  of  the  Diesel 
engine  as  a  prime  mover  has  been  so  great  recently 
that  the  Sulzers  are  now  devoting  their  Wintcr- 
thur factory  exclusively  to  building  Diesel  engines. 


"Diesel  Locomotive:  I  first  discussed  with  Dr. 
Diesel  the  question  of  the  adaptation  of  his  engine 
to  locomotive  purposes,  following  the  lines  of  the 
talk  we  had  with  him  last  spring  in  N'ew  York 
when  Mr.  Vain-lain,  of  the  Baldwin  Locomotive 
Works,  and  ourselves,  laid  down  certain  require- 
ments of  capacity  for  the  Chicago  conditions. 
You  will  remember  that  Dr.  Diesel  was  then  not 
very  sanguine  alx>ut  meeting  the  requirements 
of  such  heavy  service,  but  said  he  would  look 
into  the  question  upon  his  return  to  Germany. 
I  could  not  find,  however,  that  he  had  given  the 
matter  further  thought;  in  fact,  he  appeared  to 
regard  the  locomotive  question  as  an  interesting 
experiment  only  and  of  very  minor  importamv 
to  him  compared  with  other  uses  for  his  engine — 
notably  for  marine  work.  He  had  not  himself 
followed  up  in  detail  the  tests  which  were  being 
made  with  his  locomotive,  but  expressed  the 
opinion  that  they  had  been  quite  successful; 
sufficiently  so  to  enable  him  to  predict  that  they 
could  do  much  better  in  a  future  design. 

"  Dr.  Diesel  appeared  to  be  doubtful  of  the 
success  of  his  engine  if  it  was  required  mainly 
for  yard  switching  work,  and  had  directed  his 
efforts  wholly  toward  producing  a  locomotive  for 
main  line  express  service,  as  he  considered  this 
the  logical  field  for  its  successful  use.  He  said 
that  the  problem  of  constructing  a  practical  in- 
ternal combustion  locomotive  was  the  most 
difficult  one  which  could  be  taken  up  in  the  way 
of  engine  building,  because  of  the  limitations  of 
weight  and  space,  and  the  difficulties  of  starting 
and  of  speed  control.  Therefore,  the  probable 
field  for  its  use  was  what  we  in  America  might 
consider  light  express  train  service,  where  con- 
stant speed  and  infrequent  stops  were  the 
characteristics. 

"  I  afterwards  made  a  special  trip  to  Winterthur 
to  see  the  experimental  locomotive  recently  com- 
pleted at  the  Sulzer  Works.  I  found  the  factory 
large  and  modern,  and  employing  about  4,000 
men.  They  had  under  construction  a  large 
number  of  Diesel  engines  for  a  variety  of  sta- 
tionary purposes,  generally  for  small  powers,  say 
up  to  100  horse-power,  and  designed  for  such 
purposes  as  pumping  in  mines,  running  small 
factories,  etc.  A  large  portion  of  the  plant  was 
devoted  to  turning  out  marine  engines,  especially 
for  torpedo  boats  and  submarines.  They  had 
under  contract  engines  for  two  submarines  for 
the  United  States  Navy,  and  I  saw  one  of  these 
engines  under  test. 

"In  order  to  determine  the  maximum  power 
which  could  be  successfully  developed  in  one 
cylinder  of  a  Diesel  engine,  they  had  nearly 
completed  a  massive  single-cylinder  vertical 
engine  of  the  double-acting,  two-stroke  cycle 
type,  designed  to  give  2,000  horse-power.  In 
conversation  with  their  engineer,  he  expressed  an 
opinion  that  it  would  be  successful,  but  that 
2,000  horse-power  was  about  the  maximum  for  a 
single  cylinder,  because  of  the  enormous  pressures 
developed  and  the  difficulty  of  cooling. 
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"I  then  inspected  the  Diesel  locomotive,  which 
they  had  tried  during  the  week  before  in  a  pre- 
liminary way  on  short  runs  on  a  piece  of  track 
near  the  works.  At  the  time,  I  saw  the  locomo- 
tive, its  engine  was  partly  dismantled  to  make 
some  changes  in  the  valves;  but  with  the  excep- 
tion of  valve  adjustment,  the  engineer  said  the 
tests  had  been  entirely  satisfactory  and  that  they 
had  obtained  a  speed  of  100  kilometers  (62  miles) 
per  hour,  without,  however,  pulling  a  train. 

"The  locomotive,  the  design  of  which  you  are 
familiar  with  from  the  drawings  given  in  Dr. 
Diesel's  address  at  the  meeting  of  the  American 
Society  of  Mechanical  Engineers  on  April  30, 
1912,  is  a  very  creditable  piece  of  work  for  the 
first  attempt.  From  the  outside,  it  looks  quite 
like  an  electric  locomotive,  the  apparatus  being 
entirely  housed  in  a  steel  car  of  neat  appearance. 
Its  design  and  construction  have  been  proceeded 
with  in  what  we  would  consider  a  somewhat 
leisurely  manner,  as  they  have  been  at  work  upon 
it  for  about  five  years;  the  frames  and  cab  were 
built  at  the  Borsig  Locomotive  Works  in  Berlin, 
and  the  engines  built  and  the  assembly  of  appa- 
ratus done  at  the  Sulzer  Works.  The  general 
design  and  dimensions  arc  as  follows: 


Total  length  of  buffers 


54  feet  5$     inches 


Total  wheel  base 41 

Driving  wheel  base 1 1  "  9! 

Truck  wheel  base 7  "  3\ 

Height,  rail  to  top  of  cab.      .      .      .  13  '  6J 

Width  of  cab 9  "  10 

Diameter  of  drivers 5  "  6 

Weight 85  tons 

"The  engines  are  four  in  number,  mounted  in 
pairs  at  an  angle  of  90  degrees  on  the  locomotive 
frames.  They  are  of  the  two-stroke  cycle  type, 
and  are  said  to  have  a  capacity  of  i.ooo  horse- 
power total  at  60  miles  per  hour.  The  engines 
drive  a  jack-shaft  axle,  with  cranks  at  1 80  degrees, 
set  between  and  in  the  plane  of  the  driving  axles, 
and  power  is  transmitted  to  the  latter  by  rods  in 
the  usual  manner.  By  this  arrangement  the 
balancing  of  moving  parts  is  complete  and  should 
result  in  smooth  running  of  the  locomotive.  As 
the  Diesel  engine  is  not  self-starting  as  a  com- 
bustion engine,  compressed  air  must  be  used  in 
starting  and  until  the  engine  has  reached  a 
certain  speed — in  this  case  about  10  miles  per 
hour,  equivalent  to  about  60  revolutions  per 
minute  of  the  engines.  For  the  above  purpose, 
air  is  compressed  by  powerful  auxiliary  engines 
coupled  to  air  pumps.  These  engines  are  two 
vertical, two-stroke  cycle,  Diesel  cylinders  coupled 
to  horizontal  air  cylinders  compressing  to  1.500 
pounds  per  square  inch  and  delivering  into  a 
battery  of  ten  large  storage  cylinders,  or  tanks, 
in  the  cab.  Air  coolers  are  also  provided.  From 
these  tanks  air  is  drawn  through  reducing  valves 
and  used  for  starting  and  manoeuvcring  at  slow 
speeds  and  to  deliver  auxiliary  compressed  air 
with  auxiliary  oil  fuel  into  the  locomotive 
cylinders. 


"In  addition,  the  main  engines  drive  scaveng- 
ing pumps,  compressing  air  to  1,000  pounds  per 
square  inch,  for  clearing  the  products  of  com- 
bustion from  the  cylinders  during  the  running 
cycles.  Pumps  are  also  provided  for  circu- 
lating cooling  water,  and  radiators  for  air  cooling 
of  this  water.  Water  and  fuel  tanks  and  a 
donkey  boiler  for  heating  the  train  are  included 
in  the  cab  apparatus.  The  locomotive  is  con- 
trolled at  cither  end  by  a  somewhat  complicated 
assemblage  of  starting  and  reversing  levers  and 
valves,  as  the  cngincman  must  separately  control 
the  functions  of  compressed  air  and  fuel  to  the 
cylinders.  Vic-wed  as  a  whole,  the  interior  of 
the  cab  is  well  arranged  to  house  the  large  amount 
of  apparatus,  all  of  which  is  reasonably  accessible 
for  inspection.  The  workmanship  throughout  is 
first-class — as  is  essential  for  success. 

"The  engineer  of  the  company,  in  charge  of  the 
experiments,  was  of  the  opinion  that  the  locomo- 
tive would  perform  well  in  high  speed  light  serv- 
ice, hut  did  not,  with  present  knowledge,  think- 
well  of  the  tyiK-  for  variable  work,  such  as  in 
switching  trains.  He  also  hazarded  the  opinion 
that  a  Diesel  electric  locomotive  might  IK-  the 
final  development. 

"My  own  general  impression  may  be  briefly 
expressed  by  saying  that  the  whole  matter  is  in 
an  early  experimental  stage,  with  practically  no 
hope  that  it  will  be  developed  to  a  point  where 
its  proper  characteristics  or  field  of  application 
will  be  demonstrated  by  trial  at  the  time  when 
our  Chicago  report  is  made.  The  best,  therefore, 
that  we  can  do  is  to  express  practical  opinion 
upon  theoretical  premises.  In  such  case,  I  should 
say  that  it  appears  quite  possible  that  the  type  can 
be  developed  to  give  satisfactory  and  probably 
economical  fuel  cost  results  in  light  express  train 
service  with  infrequent  stops.  Its  final  economy 
in  such  sen-ice  will  probably  largely  depend  upon 
the  question  of  first  cost,  which  I  anticipate  will 
be  very  high  as  compared  with  that  of  steam 
locomotives  of  the  same  capacity.  Successful 
operation  will  also,  of  course,  depend  upon  the 
results  of  actual  tests  to  demonstrate  the  running 
economy,  reliability,  flexibility  and  cost  of  up- 
keep, all  of  which  factors  are  unknown  at  present. 
The  type  certainly  involves  complicated  mechan- 
ism, and  all  workmanship  must  be  the  finest 
obtainable.  Furthermore,  the  manipulation  of 
the  machine  will  require  considerable  skill  at  all 
times. 

"As  the  largest  part  of  our  service  involves  the 
conditions  of  switching  and  transfer  work  at  low 
speeds,  all  of  the  above  factors  become  especially 
important  because  of  the  complicated  devices 
required,  the  delicacy  of  the  mechanism  and  the 
rough  handling  it  is  necessarily  subjected  to. 

"Another  point  should  be  kept  in  mind; 
while  the  internal  combustion  engine  is  smoke- 
less under  normal  running  conditions  and  with 
proper  handling,  it  is  not  so  when  overloaded 
or  when  badly  adjusted  and  out  of  order- 
especially  in  starting  and  in  variable  working." 


POSSIBLE  SUBSTITUTES  FOR  THE  STEAM   LOCOMOTIVE 


625 


204.05  New  Types  of  Mechanism  Proposed 
as  a  Basis  for  Locomotive  Design:     Closely  re 
lated  to  the  various  forms  of  internal  combustion 
cars  and  locomotives  are  several  proposed  designs 
for  locomotives  presenting  new  combinations  of 
mechanism,   the  actions  of  which  constitute  in 
effect    new    cycles    of    operation.     The    Heckert 
locomotive,   proposed  by   Mr.    Herman   Ray  of 
Chicago,  is  of  this  type.     It  embodies  a  boiler, 
a  steam-gas  engine  and  a  gas  producer  in  a  com- 
bination presenting  theoretical  possibilities  which, 
however,  have  not  yet  been  thoroughly  developed 
either  in   design   or   in   construction.     All   such 
proposals,  so  far  as  they  affect  the  practical  ques- 
tion of  operating  the  railroad  terminals  of  Chicago, 
must  be  regarded  as  problematical. 

204.06  Compressed  Air  Storage  Cars  and  Loco- 
motives:     Compressed  air  has  long  been  used, 
under  certain  prescribed  conditions,  as  a  source 
of  power  for  moving  cars  and  trains  of  cars.     A 
description  of   some  of  the  developments  with 
compressed  air  is  given  in  the  following  abstract 
of  the  report  of  the  Committee  on  Equipment 
of  the  American  Electric  Railway  Engineering 
Association,  October,  1912. 

An  application  of  compressed  air  to  motor  cars 
was  made  on  the  Second  Avenue  Railway,  New 
York,  in  1879.  The  equipment  for  the  service 
was  built  in  accordance  with  the  Hardie  system, 
in  which  air  was  stored  at  2,500  pounds  pressure 
and  supplied  through  a  reducing  valve,  at  from 
300  to  400  pounds  pressure,  to  the  engine,  which 
was  direct  connected  to  the  car  driving  wheels. 
In  1896  two  Hardie  cars  were  installed  on  the 
1 2 sth  Street  line  in  New  York.  This  system 
was  a  modification  of  the  earlier  one,  inasmuch 
as  the  air  was  passed  through  a  reducing  valve, 
then  through  an  auxiliary  valve  at  motor 
pressure  and  reheated  before  being  admitted  to 
the  engine  cylinders.  The  reheating  was  done 
to  obtain,  if  possible,  an  isothermal  expansion 
which  would  increase  the  efficiency. 

In  the  year  1891  the  Mekarski  system  had  been 
developed  on  the  Nantes  and  Paris  line  in  France 
to  such  an  extent  that  26  cars  were  ordered.  In 
this  system  the  air  was  stored  at  600  pounds  pres- 
sure and  supplied  directly  to  the  motors  on  the 
basis  of  isothermal  expansion.  The  cars  were 
designed  to  run  at  8.5  miles  per  hour.  In  1892, 
the  same  system  was  applied  to  cars  in  Berne, 
Switzerland,  except  that  the  air  was  stored  and 
used  at  440  pounds  pressure. 

Meanwhile,  similar  work  was  being  undertaken 
in  the  United  States.  In  1891  the  Toledo  Con- 
solidated Street  Railway  conducted  several  ex- 
periments involving  the  use  of  cars  driven  by 


compressed  air.  The  use  of  compressed  air  for 
locomotion  increased  particularly  in  locations 
where  (ire  and  sparks  of  any  kind  were  dangerous, 
as  in  mines  and  in  and  alwut  factories. 

In  1897  a  Hoadley-Knight  car  was  placed  in 
service  on  the  Twenty-eighth  and  Twenty-ninth 
Street  line,  New  York,  where  it  was  used  for  two 
years.  This  system  had  a  compound  engine,  the 
high  pressure  cylinders  being  connected  to  one 
axle  and  the  low  pressure  cylinders  to  the  other. 
The  air  was  stored  at  2,400  pounds  pressure  and 
delivered  to  the  motors  at  320  pounds  pressure. 
The  car  weighed  18,750  pounds.  About  the  same 
time  the  Metropolitan  Street  Railway,  New  York, 
tried  the  Hoadley-Knight  system  on  its  Lenox 
Avenue  line,  with  the  result  that  in  1899  twenty 
cars  were  installed  on  the  Twenty-eighth  and 
Twenty-ninth  Street  crosstown  line.  In  1900, 
all  Hoadley-Knight  cars  were  replaced  by  Hardie 
cars.  Three  of  the  1896  type  Hardie  motorcars 
were  taken  to  Chicago,  where  they  were  used 
for  five  years.  The  Rome  (N.  Y.)  City  Railway 
also  used  Hardie  motors  in  1901. 

Compressed  air  cars  are  heavy,  and  their  bulk 
is  necessarily  large  in  order  to  provide  sufficient 
space  for  the  storage  of  air.  They  are  commonly 
charged  at  fixed  air  compressing  stations.  The 
efficiency  of  compression  at  the  station  and  of 
expansion  in  the  motors  is  low;  the  pressure  of 
the  stored  air  is  high  and  difficult  to  maintain 
against  leakage.  The  radius  of  action  with  one 
charge  is  limited,  and  if  a  considerable  area  is  to 
be  served  compressor  stations  must  be  multiplied. 
As  the  problem  has  developed,  the  compressed  air 
locomotive  is  rarely  used  except  to  meet  the  re- 
quirements of  special  services,  such  as  the 
services  in  gaseous  mines,  in  chemical  factories, 
and  in  the  yards  and  buildings  of  establishments 
where  inflammable  materials  are  handled,  the 
presence  of  which  makes  the  use  of  steam  locomo- 
tives objectionable  or  dangerous. 

It  will  be  seen  that  compressed  air  locomotives, 
in  the  forms  so  far  developed,  can  be  service- 
able only  to  a  very  limited  extent  upon  the  rail- 
roads of  the  Chicago  terminal. 

204.07  Hot  Water  Storage  Cars  and  Loco- 
motives: These  have  been  used  to  a  limited 
extent  for  service  similar  in  character  to  that  in 
which  compressed  air  storage  has  been  employed. 
Locomotives  of  this  type  differ  from  the  normal 
steam  locomotive  chiefly  in  the  fact  that  a  large 
cylindrical  receiver  is  substituted  for  the  boiler 
and  fire-box  of  the  normal  locomotive.  This 
receiver  is  charged  from  stationary  boilers,  to 
about  two-thirds  of  its  capacity,  with  water  at 
high  pressure  and  high  temperature.  The  heat  of 
the  water  thus  stored  becomes  a  source  of  power 
for  the  locomotive.  Steam  is  drawn  from  the 
top  of  the  receiver  for  use  in  the  engine  cylinder. 
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the  heat  of  the  water  serving  to  keep  up  the 
supply  at  a  constantly  diminishing  pressure,  until 
the  temperature  of  the  stored  water  is  so  far 
reduced  that  the  steam  pressure  corresponding 
thereto  is  insufficient  for  satisfactory  operation. 
Recharging  is  accomplished  by  injecting  high 
temperature  steam  into  the  water  until  raised  to 
a  condition  of  pressure  and  temperature  which 
is  the  maximum  for  which  the  equipment  is 
designed.  Locomotives  of  this  type  have  been 
of  comparatively  small  power  capacity. 

204.08    Storage  Battery  Cars  and  Locomotives : 

A  description  of  experiments  with  storage  battery 
cars  and  locomotives  is  given  in  the  following 
abstract  of  the  report  of  the  Committee  on  Equip- 
ment of  the  American  Electric  Railway  Engimvr- 
ing  Association,  October,  1912. 

A  locomotive  with  the  Faur£  accumulator  or 
storage  battery  was  used  at  Brueil,  France,  in 
1880.  The  first  storage  battery  car  of  this  type 
appeared  in  1885.  This  car  weighed  only  2.5 
tons.  Experiments  in  the  use  of  small  storage 
battery  cars  were  made  in  Brussels,  Belgium,  in 
1880.  In  1889,  ten  storage  battery  cars  equip- 
ped with  Julien  cells  were  put  in  servkv  on  the 
Madison  Avenue  line  in  New  York  City.  Later 
the  use  of  these  cars  was  abandoned. 

E\i>eriments  with  storage  batteries  were  made 
in  Birmingham,  England,  and  a  statement  issued 
in  1897  showed  Derating  expenses  at  41  cents 
per  car-mile  as  against  receipts  of  31.4  cents  per 
car-mile.  A  storage  battery  line  in  Hanover, 
Germany,  was  operated  during  the  same  year. 
In  1905,  the  Prussian-Hessian  State  Railroads 
put  into  service  27  twin-body  cars,  each  seating 
100  people,  and  these  were  used  for  light  traffic 
wherever  electric  energy  could  be  purchased  at 
low  cost.  The  Prussian  equipment,  in  1908,  was 
increased  by  57  cars,  each  weighing  33.5  tons 
and  seating  70  passengers.  During  the  same 
year,  19  additional  cars  were  introduced  on  four 
lines  as  feeders  to  the  main  line.  These  cars  were 
equipped  with  two  so-horse-power  series  interpole 
motors,  operated  from  a  368-ampere-hour  battery 
placed  under  the  seats.  Later  some  old  passenger 
coaches  were  converted  into  storage  battery  cars. 
In  1909,  the  Prussian  road  ordered  33  new  cars, 
each  34  feet  long  and  weighing  66  tons.  These 
cars  were  designed  for  a  maximum  speed  of  31 
miles  per  hour  and  a  maximum  acceleration  of 
p. 56  miles  per  hour  per  second.  The  equipment 
included  a  368-ampere-hour  battery  and  two 
So-horse-power  motors. 

The  Englewood  &  Chicago  Railroad  built  a 
twelve-mile  line  between  Blue  Island  and  Chicago 
in  1897,  and  used  20  storage  battery  cars  each 
30  feet  long,  with  a  seating  capacity  for  28  passen- 
gers. These  cars  weighed  13.5  tons  each.  The 


equipmentincludedtwoso-horse-powermotorsand 
chlorid  accumulators  suspended  beneath  the  car. 
An  impetus  was  given  to  the  storage  battery 
motor  ear  industry  by  the  invention  and  develop- 
ment  of  the  Edison  battery.  This  battery  is  of 
the  alkaline  electrolyte  type,  with  iron  and  nickel 
for  electrodes.  The  first  Edison-Beach  . 
equipped  with  these  batteries  was  put  in  service 
in  1910  on  the  Twenty-eighth  and  Twenty-ninth 
Street  crosstown  line  in  New  York,  but  was  re- 
moved when  the  Third  Avenue  Railroad  made  an 
agreement  to  o]>cratc  that  property  with  its  own 
storage  battery  cars. 

The    first    Edison-Beach    storage    battery    car 
made  for  a  steam  road  was  delivered  by  the  Fed- 
eral Storage  Battery  Car  Company  to  the  Long 
Island  Railroad  Company  on  April  i,   1911.     It 
was  used  on  a  two-mile  branch  line  of  this  road 
and  is  said  to  have  made  38,000  miles  previous 
to  October  i,  1912.     This  car  was  of  the  single- 
truck  type.     The  first   double-truck  car  of  this 
type  was  placed  in  regular  service  on  June  28, 
1911,  on  the  Lewisburg,  Milton  and  Watsontown 
Passenger  Railroad,  a  leased  line,   n  miles  long, 
owned  by  the  Pennsylvania  Railroad  Company. 
It  was  40  feet  long  and  seated  40  passengers. 
Many  of  these  cars  are  in  service  in  the  United 
States  at  the  present  time.     The  United  Rail- 
ways of  Havana  recently  purchased  a  three-car 
storage     battery    train    equipped   with    Edison- 
Beach  batteries  and  multiple-unit  control  system. 
Each  car  is  38  feet  long  and  has  220  Edison  cells. 
The  motive  power  for  each  car  consists  of  four 
lo-horse-power,    2oo-volt,    37.5-ampere    motors. 
An  illustration  of  the  storage  battery  car  built  by 
the  Railway  Storage  Battery  Car  Company,  the 
successor   to   the    Federal    Storage   Battery   Car 
Company,  is  presented  as  fig.  443. 

In  the  design  of  storage  battery  cars,  it  has  been 
found  desirable  to  conserve  energy  by  keeping 
the  load  to  be  handled  as  small  as  possible  and  by 
reducing  all  frictional  losses  to  the  lowest  limits. 
The  weight  per  passenger  carried,  of  several  types 
of  cars,  is  as  follows:* 

I'Dl'NDS 

Pullman  car 3,000 

Steam  day  coach 1,500 

Steam  suburban  coach 1,100 

Single-truck  trolley  car 800 

Double-truck  trolley  car 1,000 

Double-truck  Edison-Beach  car 600 

Single-truck  Edison-Beach  car 380 

*  Report  of  the  Committee  on  Equipment  of  the  American  Electric  Railway 
Engineering  Association,  October,  1912. 
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FIG.  443.  STORAGE  BATTERY  CAR  BUILT  BY  THE  RAILWAY  STORAGE  BATTERY  CAR  COMPANY 


The  possibility  of  utilizing  storage  battery  lo- 
comotives in  yard  switching  and  other  terminal 
work  has  made  a  strong  appeal  to  those  interest- 
ed in  the  operation  of  the  Chicago  railroad  ter- 
minals. The  investigations  of  the  Committee  have 
included  voluminous  correspondence  and  various 
interviews  with  those  who  are  concerned  in  the 
development  of  the  art  in  this  country.  It  ap- 
pears that  thus  far  the  application  of  the  stor- 
age battery  to  cars  has  involved  very  light  con- 
struction. Storage  battery  locomotives  have  all 
been  comparatively  small,  and  suitable  for  use 
only  in  mines,  or  in  other  industrial  or  highly 
specialized  service.  No  storage  battery  locomo- 
tive possessing  sufficient  power  capacity  to 
meet  the  requirements  of  the  switching  service 
of  Chicago  has  been  built,  and  those  interested 
in  the  manufacture  of  such  equipment  have 


not  hesitated  to  say  that  a  proposition  to  sup- 
ply such  a  locomotive,  while  presenting  no  the- 
oretical difficulties,  involves  details  in  design 
which  have  not  as  yet  been  perfected.  An 
illustration  of  a  storage  battery  mine  locomotive 
built  by  the  General  Electric  Company  is  pre- 
sented as  fig.  444. 

Assuming  that  a  storage  battery  locomotive  of 
sufficient  power  may  be  produced,  it  will  be  of 
interest  to  consider  briefly  some  effects  which 
would  be  brought  about  by  its  introduction.  The 
battery  for  such  a  locomotive  would  probably  be 
most  conveniently  arranged  in  one  or  more  bat- 
tery tenders.  Where  the  locomotive  service  is  re- 
quired to  be  continuous,  duplicate  sets  of  tenders 
should  be  available,  in  order  that  one  set  may  be 
at  its  recharging  station  while  the  other  is  at  work. 
These  tenders  would  necessarily  be  both  bulky  and 


FIG.  444.    STORAGE  BATTERY  MINE  LOCOMOTIVE,  BUILT  BY  THE  GENERAL  ELECTRIC  COMPANY 
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heavy,  precise  values  depending  upon  the  amount 
of  work  which  they  may  be  designed  to  perform  be- 
tween chargings.  In  ordinary'  yard  service,  their 
weight  would  add  materially  to,  .or  might  even 
equal,  the  weight  of  the  average  load  now  handled 
by  steam  locomotives  in  such  service. 

Incident  to  the  use  of  the  storage  battery  loco- 
motive, there  must  be  provided  a  power  plant  of 
substantially  the  same  character  and  capacity  as 
that  which  would  be  required  if  a  normal  elec- 
tric locomotive  were  used.  Although  the  storage 
battery  locomotive  possesses  the  advantage  of 
being  capable  of  operating  over  tracks  not 
equipped  with  an  electric  contact  system,  trans- 
mission lines  from  the  power  plant  to  distributing 
points  along  the  railroad  must  be  provided,  and 
there  must  be  charging  stations  consisting  of 
short  sections  of  some  form  of  contact  which,  in 
effect,  would  constitute  a  rudimentary-  contact 
system.  Between  the  storage  battery  and  the 
wheels  must  be  electric  motors  and  all  the  control 
apparatus  which  goes  to  make  up  the  equipment  of 
any  electric  locomotive.  Substantially  all  details 
necessary  to  a  complete  electric  contact  installa- 
tion are  present  except  the  contact  system  itself, 
and  a  portion  of  this  must  be  included.  Obvi- 
ously, an  electric  locomotive  operated  from  a 
contact  system  offers,  in  its  command  of  power, 
in  continuity  of  service  and  in  celerity  of  move- 
ment made  possible  by  low  weight  per  unit  power 
available,  a  more  effective  instrument  for  work 
than  a  locomotive  which  is  propelled  by  power 
from  a  storage  battery. 

In  estimating  the  relative  cost  of  the  storage 
battery  locomotive  and  of  the  normal  electric 
locomotive  which  receives  its  power  by  means 
of  a  contact  system,  consideration  must  be  given 
to  the  various  physical  and  operating  conditions 
involved  in  the  installation.  As  a  basis  for  an 
analysis  of  the  results  to  be  expected  in  yard 
service,  the  Committee  has  considered  the  work 
involved  in  a  freight  yard  aggregating  20  miles 
of  track,  and  requiring  constantly,  both  day  and 
night,  five  switching  locomotives  of  specific 
capacity.  To  meet  such  requirements,  estimates 
have  been  made  of  the  initial  cost  and  of  the 
operating  results,  assuming  (i),  the  use  of  storage 
battery  locomotives  and  (2),  the  use  of  electric 
locomotives  receiving  power  from  a  continuous 
contact  system.  Without  attempting  to  define 


the  process  completely,  the  results  show  that 
the  initial  cost  of  the  storage  battery  locomotives 
will  be  several  times  as  great  as  the  initial  cost 
of  the  contact  system  and  electric  locomotives. 
The  cost  of  storage  battery  locomotives  would, 
of  course,  diminish  if  the  activities  of  the  yard 
were  reduced.  The  rate  of  depreciation  of  any 
form  of  storage  battery  now  in  service  is  much 
greater  than  that  of  any  form  of  contact  system. 

The  cost  of  operation  will  be  greater  for  the 
storage  battery  locomotive  than  for  the  locomo- 
tive which  is  energized  from  a  continuous  con- 
tact system.  The  storage  battery  constitutes  an 
additional  element  which  is  interposed  between 
the  power  house  and  the  wheels  of  the  locomo- 
tive, and  the  efficiency  with  which  the  energy 
at  the  power  house  is  transformed  into  energy  at 
the  locomotive  draw-bar  is  thereby  reduced. 

From  the  foregoing  brief  discussion  of  the 
problem,  it  is  apparent  that  the  storage  battery 
locomotive  has  not  yet  been  developed  to  a  point 
of  commercial  feasibility  for  heavy  traction  in 
connection  with  the  operation  of  steam  railroad 
terminals. 

204.09  Conclusions  Concerning  the  Feasi- 
bility of  Eliminating  the  Steam  Locomotive  from 
the  Railroad  Terminals  of  Chicago  and  of  Meet- 
ing all  Operating  Requirements  without  Resort 
to  Complete  Electrification :  The  preceding  review 
is  descriptive  of  a  rapidly  developing  art.  Great 
possibilities  are  presented  for  those  who  are  inter- 
ested in  perfecting  the  various  types  of  locomo- 
tives to  which  reference  has  been  made.  No 
one  can  foretell  what  the  future  may  bring  forth. 
Basing  judgment  upon  the  present-day  achieve- 
ment,* the  following  general  conclusions  seem  to 
be  justified: 

1.  There  is  available  at  this  time  no  form 
of  locomotive,  carrying  its  own  power  and 
capable  of  handling  the  traffic  of  the  Chicago 
railroad  terminals,  which  could  be  substituted 
for  the  steam  locomotive,  and  there  is  no 
prospect  of  the  immediate  development  of 
any  such  locomotive. 

2.  The  design  of  a  gasoline  internal  com- 
bustion locomotive  capable  of  handling  the 
traffic  of  the  Chicago  terminals  would  in- 
volve such  a  multiplication  of  engine  cylinders 
as  to  make  its  adoption  almost,  if  not  quite, 
prohibitive. 

•April,  1914. 
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3.  The   adoption   of   a   gasoline    internal 
combustion   locomotive,   should   the  design 
of  such  a  machine  become  practicable,  would 
not  insure  smokeless  operation.     As  in  the 
case  of  an  automobile  engine,  such  machines 
emit  smoke  when  starting,  and  the  amount 
of  the  smoke  discharged  is  a  function  of  the 
power  developed. 

4.  The  possibilities  of  an  internal  com- 
bustion locomotive,  in  which  the  source  of 
power  is  an  oil  engine,  constitute  a  promising 
field  for  work.     No  such  locomotive,  possess- 
ing the  power  of  a  modern  steam  locomotive, 
has  thus  far  been  developed.     The  elaborate 
experiments  of  Dr.  Rudolph  Diesel  are  sig- 
nificant, but  the  results  derived  from  them 
do  not  indicate  that  the  problem  of  design 
has  been  solved. 

5.  The   adoption  of  an  oil  engine  loco- 
motive of  the   Diesel   type,    assuming   the 
details  of  a  satisfactory  design  to  have  been 
worked    out,    will   not    in   itself   suffice   to 
secure  smokeless  operation.     Oil  engines  are 
smokeless  only  when  the  fuel  and  air  supply 
are  adjusted  to  suit  the  load.     Whether  an 
oil  engine  will  be  more  or  less  objectionable, 
because  of  its  smoke,  than  the  existing  steam 
locomotive,  can  be  determined  only  by  tests 
under  service  conditions. 

6.  The    compressed    air    storage    locomo- 
tive, the  hot  water  storage  locomotive  and 
the    storage    battery    locomotive    are    all 


devices  which,  judged  by  the  present  state 
of  the  art,  can  be  made  serviceable  only 
under  special  or  peculiar  conditions  where- 
more  efficient  devices  cannot  be  used.  It 
is  not  to  be  expected  that  such  locomotives 
can  be  introduced  for  general  work  in  the 
Chicago  terminals. 

7.  There   are   certain   short   stretches   of 
track  in  yards  and  industries  to  which   it 
appears  impracticable  to  apply  any  form  of 
electric  contact  system;  in  the  event  of  the 
complete  elimination  of  the  steam  locomotive 
from  the   Chicago   terminals,   it   would   be 
practicable  to  work  this  trackage  with  some 
one  of  the  specialized  forms"  of  locomotive 
described,  notwithstanding  the  fact  that  no 
one   of  these   locomotives  is   sufficient   for 
the  general  work  of  the  terminals. 

8.  The  self-propelled  motor  cars  of  any  of 
the  various  types  described  are  most  val- 
uable  for  a  light,   diversified  and  not   too 
frequent  traffic.     The  field  of  usefulness  for 
such  cars  within  the  limits  of  the  Chicago 
terminals,  where  business  is  segregated  and 
the  passenger  movement  heavy,  is  not  ex- 
tensive. 

9.  The  complete  elimination  of  the  steam 
locomotive  from  the  railroad  terminals  of 
Chicago   would,    under    present    conditions, 
necessitate  the  abandonment  of  the  service 
or    the    complete    electrification    of    these 
terminals. 


205.    THE  ELECTRIFICATION  OF  STEAM  RAILROADS— A  REVIEW* 


SYNOPSIS:  This  chapter  sets  forth  the  more  important  details  of  the  electrification  of  various 
steam  railroads  in  America  and  in  foreign  countries,  and  presents  for  each  electrification  a  state- 
ment of  the  mileage  involved,  the  density  of  traffic,  the  character  and  amount  of  equipment  used, 
the  power  requirements  and  other  physical  and  technical  characteristics. 


205.01  General  Considerations  --  American 
Electrifications:  Before  attempting  a  discussion 
of  the  conditions  to  be  met  in  providing  for  the 
electrification  of  Chicago's  railroad  terminals,  it 
will  be  of  interest  to  review  with  some  care  the 
work  accomplished  in  steam  railroad  electrifica- 
tion in  America  and  in  other  countries. 

No  reference  is  made  in  this  review  to  electric 
traction  on  the  so-called  American  "interurban" 
railways,  which  differs  in  several  important  re- 
spects from  electric  traction  under  steam  rail- 
road conditions.  The  traffic  of  American  steam 
roads  embraces  all  classes  of  transportation,  its 
movements  involve  heavy  train  units  and  it 
requires  extensive  terminal  and  freight  handling 
facilities;  that  of  the  interurban  lines  involves 
passenger  transportation  by  means  of  relatively 
light  train  or  car  units  and  a  limited  freight 
traffic  which  can  be  handled  without  the  use 
of  extensive  terminal  facilities.  The  operation 
of  steajn  roads  is  usually  conducted  over  pri- 
vately owned  rights-of-way  while  the  interur- 
ban road  frequently  passes  through  the  streets  of 
towns  or  along  highways  between  towns. 

The  sections  which  follow  present  brief  descrip- 
tions, illustrated  by  maps,  of  electrically  operated 
railroads  in  America  and  in  foreign  countries. 
Efforts  have  been  made  to  insure  the  complete 
accuracy  of  the  brief  statistical  record  presented 
as  a  part  of  each  description.  The  facts  have 
in  most  cases  been  checked  by  an  official  of 
the  road  to  which  they  refer,  and  acknowledg- 
ment is  here  made  of  the  generous  attention 
extended  the  Committee  in  this  connection  by 
busy  men  in  many  parts  of  the  world. 

In  order  that  the  purpose  of  each  electrification 
may  be  set  forth  clearly,  the  descriptions  are 
grouped  according  to  the  primary  or  guiding 

*The  data  and  information  upon  which  this  review  of  electrification  projects 
is  based,  are  preserved  in  the  Archives  of  the  Committee,  Vol.  L  7. 


considerations  which  led  to  each  undertaking. 
The  classification  of  American  electrifications  is 
as  follows: 

Class  I.     Terminal  Operation 

This  class  embraces  steam  railroads  which  have 
electrified  thdr  terminals  in  large  cities  for  one  or 
both  of  the  following  reasons: 

1 .  To  accommodate  the  requirements  of  an 
underground    station    and    approaches   which, 
because  of  conditions  of  ventilation,   nco 
tated  the  use  of  some  motive-  power  other  than 
steam. 

2.  To  provide  for  an  increase  in  the  capacity 
of    city    terminals    in    cases    where    physical 
enlargement     under     steam     operation     rould 
have  been  made  only  at  cxivssive  cost  or 
considered    impracticable    for    other    reasons. 
In  such  cases  the  desired  increase  in  capacity 
was  accomplished   by  substituting  motor  car 
trains  or  electric  locomotives  for  trains  hauled 
by  steam  loeomotiv. 

Class  II.     Main  Line  Operation 

This  class  includes  railroads  which  operate 
electrically  a  part  or  all  of  their  lines  for  con- 
siderable distances  across  country  and  which 
handle  full  weight  passenger  or  freight  trains  at 
speeds  equivalent  to  those  prevailing  in  ordinary 
steam  oj K-ration.  In  some  cases,  the  electrifi- 
cation has  Ix-cn  due  to  the  necessity  of  operating 
into  an  underground  city  terminal  under  con- 
ditions which  required  the  electrification  of  a 
considerable  extent  of  line  beyond  the  terminal  in 
order  to  make  electric  terminal  operation  practic- 
able. In  other  cases,  main  line  electrification  has 
been  undertaken  to  meet  the  competition  of  elec- 
tric trolley  lines,  to  increase  the  capacity  of  a  line- 
on  heavy  grades  or  to  take  advantage  of  power 
from  hydraulic  developments  available  at  low 
cost  in  districts  where  coal  is  expensive. 

Class  III.    Suburban  Operation 

In  this  class  are  included  railroads  which  con- 
duct suburban  business  by  electric  locomotives 
or  motor  car  trains.  Electrification  of  such  rail- 
roads has  been  undertaken,  in  some  cases,  as  an 
experiment  for  the  purpose  of  determining  the 
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effect  upon  traffic  and  upon  operating  costs;  in 
other  cases,  to  meet  the  competition  of  intmirban 
lines  in  the  same  territory;  and,  in  still  other  cases, 
suburban  electrification  has  been  incidental  to 
terminal  or  main  line  electrification  and  has  been 
undertaken  as  an  operating  necessity. 

Class  IV.    Tunnel  Operation 

This  class  includes  steam  railroads  which  have 
electrified  an  important  tunnel  link  in  their 
main  lines,  without  extending  the  electrification 
beyond  the  portals  of  the  tunnel  for  a  distance 
greater  than  necessary  to  conduct  traffic  through 
the  tunnel  by  electric  locomotives.  Such  electri- 
fications have  usually  been  made  necessary1  or 
desirable  because  of  the  difficulties  encountered 
in  operating  heavy  traffic  through  long  tunnels 
by  steam  locomotives. 

205.02  General  Considerations  -  -  Foreign 
Electrifications:  The  descriptions  of  foreign  un- 
dertakings cannot  be  grouped  according  to  the 
classification  employed  in  presenting  those  of 
American  roads.  In  foreign  countries,  physical 
conditions  and  methods  of  operation  are  often 
quite  different  from  those  in  this  country.  While 
there  are  several  examples  of  foreign  trunk  line 
railroad  electrification,  more  attention  has  been 
given  abroad  to  the  electric  operation  of  "sec- 
ondary" lines,  which  possess  some  of  the  char- 
acteristics of  the  American  interurban  railway. 
Electric  operation  has  also  been  applied  in  for- 
eign countries  to  classes  of  roads  having  light 
service  requirements,  not  directly  comparable  to 
any  class  of  American  railroads.  Electrification 
of  such  roads  is  of  interest  as  indicating  the 
special  adaptability  of  electric  traction  to  pecul- 
iar conditions  of  operation. 

The  descriptions  of  electrifications  on  foreign 
roads  are  grouped  by  countries  according  to  the 
following  classification : 

Class  A.     Trunk  Line  Railroads 

This  class  includes  steam  trunk  line  railroads 
which  have  been  electrified  to  meet  the  competi- 
tion of  electric  trolley  roads  or  tramways,  to 
provide  a  more  rapid  and  frequent  passenger 
train  service,  to  relieve  congestion  at  terminals, 
to  utilize  available  cheap  power,  or  to  overcome 
objectionable  features  of  steam  operation  through 
tunnels  or  subways. 

Class  B.     Secondary  Railroads 

This  class  includes  secondary  railroads  which 
are  not  a  part  of  trunk  line  systems  and  which, 
in  general,  correspond  to  American  heavy  subur- 
ban or  interurban  operation.  They  are  included 


in  order  that  there  may  be  of  record  a  definite 
statement  concerning  projects  of  which  the 
American  reader  already  has  some  understanding. 
The  purposes  of  such  electrifications  have  been  to 
reduce  operating  costs  under  exceptional  physical 
conditions,  such  as  heavy  grades,  sharp  curves, 
numerous  or  long  tunnels ;  to  utilize  cheap  power 
which  could  be  easily  obtained;  to  offer  greater 
comfort  to  passengers  for  the  purpose  of  attract- 
ing an  increase  in  traffic;  or  to  provide  more 
frequent  and  more  rapid  service  for  the  accom- 
modation of  growing  traffic. 

Class  C.     Light  Service  Railroads 

Included  in  this  class  are  a  few  examples  of 
very  light  electrified  train  service  conducted  under 
difficult  physical  conditions.  These  electrifica- 
tions illustrate  tendencies  regarding  the  character 
of  electric  systems  most  widely  developed  abroad. 

AMERICAN  RAILROAD  ELECTRIFICATIONS 

205.03  Class  I — Terminal  Operation— Long 
Island  Railroad:  The  Long  Island  Railroad  is 
essentially  a  passenger  line  serving  suburbs  of 
New  York  City  and,  at  certain  -seasons,  operat- 
ing a  heavy  excursion  business  to  the  seashore  of 
Long  Island.  A  network  of  the  lines  of  this 
road  covers  the  western  end  of  the  island  and 
delivers  heavy  commuter  and  excursion  traffic  to 
the  Brooklyn  and  Manhattan  terminals.  Elec- 
trification of  practically  the  entire  network  of 
lines  on  Long  Island  within  a  radius  of  25  miles 
of  New  York  City,  comprising  some  88  miles  of 
route,  has  been  completed;  the  lines  are  now  in 
operation  and  furnish  frequent  and  quick  service, 
without  transfer,  from  the  heart  of  Manhattan 
and  Brooklyn  boroughs  of  New  York  to  the  ter- 
minus of  the  commuter  zone.  This  represents 
the  first  complete  electrification  of  a  steam  rail- 
road on  a  large  scale  and  is  the  most  extensive 
example  of  multiple-unit  passenger  train  service 
in  operation. 

The  primary  purpose  of  this  electrification  was 
to  fulfil  the  requirements  for  smokeless  operation 
through  a  new  tunnel  into  a  new  underground 
passenger  terminal  located  in  the  central  part  of 
the  Borough  of  Brooklyn.  The  physical  improve- 
ment of  the  terminal  was  undertaken  as  the  result 
of  the  deliberations  of  a  Commission  formed  in 
1896  by  the  city  of  New  York,  for  the  purpose  of 
recommending  some  practical  plan  for  overcom- 
ing objectionable  conditions  in  Atlantic  Avenue, 
Brooklyn,  due  to  the  presence  of  railroad  trains  on 
the  street  surface.  This  Commission  proposed 
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a  plan  providing  for  a  series  of  subways  and 
elevated  structures  carrying  the  tracks  under 
and  over  the  undulating  surface  of  the  street  for 
a  distance  of  5.25  miles.  The  report  resulted  in 
the  adoption  by  the  State  Legislature,  in  May, 
1897,  of  what  is  known  as  the  Atlantic  Avenue 
Improvement  Act,  approving  the  Commission's 
plan  and  requiring  that  some  power  other  than 
steam  be  used  for  operating  trains  over  this 
portion  of  the  railroad.  The  adoption  of  this 
terminal  plan,  therefore,  was  predicated  upon  the 
use  of  electric  motive  power  and  had  far-reach- 
ing consequences  in  compelling  electric  opera- 
tion on  an  extensive  railroad  system.  The  deci- 
sion of  the  railroad  company,  made  at  a  later 
date,  to  operate  trains  into  the  new  underground 
Pennsylvania  Station  in  New  York  City,  further 
emphasized  the  necessity  for  electrification,  and 
finally  electric  traction  was  adopted  upon  the 
entire  western  division  of  the  railroad. 

The  suburban  and  excursion  business  is  operated 
by  multiple-unit  motor  car  trains,  while  a  few 
express  trains  to  the  eastern  end  of  the  island  are 
operated  by  electric  locomotives  from  the  Penn- 
sylvania Station  to  the  transfer  yard  at  Long 
Island  City,  at  which  point  steam  locomotives 
are  attached.  Freight  service  is  conducted  by 


steam  locomotives  exclusively,  and  on  some  por- 
tions of  the  electrified  system  steam  locomotives 
are  also  used  to  operate  through  passenger  trains. 

The  system  of  traction  employs  direct  current 
at  650  volts  with  third  rail  contact.  Power  is 
supplied  by  the  generating  station  of  the  Penn- 
sylvania Railroad  Company  at  Long  Island  City 
and  is  transmitted  as  high  tension  alternating 
current  to  substations  along  the. line,  at  which 
points  it  is  reduced  in  potential  and  converted 
into  direct  current.  Complete  records  of  operat- 
ing and  maintenance  costs  extending  over  a 
period  of  eight  years  have  been  kept  by  the 
railroad  company. 

General  statistics  of  the  installation  are  as 
follows : 

DATE   OF   INITIAL    ELECTRIC   OPERATION 

Flatbush  Avenue,  Brooklyn,  to  Rockaway  Park 
Woodhavcn  Junction  to  Jamaica      .... 

Jamaica  to  Bclmont  Park 

Jamaica  to  Springfield  Junction 

Springfield  Junction  to  Valley  Stream    . 
<Jueens  to  Hempstead 


June,  1905 
Aug.,  1905 
Oct.,  1905 
Oct.,  1905 
Dec.,  1905 
May,  1908 


Long  Beach 

MILES 

12141 


Manhattan  Beach 

ATLAWr/C 


FIG.  445.     ELECTRIFIED  LINES  OF  THE  LONG  ISLAND 
RAILROAD 


I-ong  Island  City  to  Jamaica  and  Woodhaven  Junction 

via  Woodside  and  Hammel  to  Valley  Stream  June,  1910 

Pennsylvania  Station,  New  York,  to  Woodside  Sept.,  1910 

Valley  Stream  to  Long  Beach .  1910 

\Vinfield  to  Whitestone  Landing        ....  Oct.,  1912 

Whitestnne  Junction  to  Port  Washington    .      .  Oct.,  1913 

MILEAGE 

Total  mute  miles,  main  line 88.63 

Total  traik  miles,  main  line   .      .      .  187.08 

Total  miles,  yard  and  siding   .     .     .  20.89 

Total  miles  of  electrically  equipped  track  207 . 97 

TRAIN   SERVICE 

Passenger,  express  ....         Multiple-unit  trains 
Passenger,  local       ....         Multiple-unit  trains 

AVERAGE    NUMBER   OF   CARS   FER   TRAIN 

<!ger 4.1 

AVERAGE  NUMBER  OF  TRAINS  DAILY  (BOTH  WAYS) 

Passenger,  express 95 

•iger,  local 361 

ELECTRIC   TRAIN    EQUIPMENT 

Motor  cars 414 

Trailer  ears 97 

TRAIN-MILES    PER   ANNUM    (1913) 

Passenger,  total 2,939,439 

CAR-MILES   PER   ANNUM    (1913) 
iit-er,  total 12,043,520 

TRACTION   POWER    REQUIREMENTS    (1913) 

Maximum  one-hour  load,  kw.      .      .  20,689 

Total  per  annum,  kw-hr 54,590,951 

The  accompanying  map,  fig.  445,  shows 
the  location  of  the  electrified  lines  of  the 
Long  Island  Railroad  and  the  location  of 
substations. 
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205.04  Class  I  --  Terminal  Operation  —  New 
York  Central  &  Hudson  River  Railroad:  The 

electrification  of  this  railroad  embraces  all  the 
trackage  of  the  remodeled  Grand  Central  Station 
and  yards,  and  that  of  about  30  miles  of  route 
serving  a  suburban  territory  along  the  main 
lines  of  the  Hudson  and  the  Harlem  divisions. 

The  purpose  of  this  electrification  was  to  elim- 
inate the  smoke  and  objectionable  gases  arising 
from  steam  locomotives  in  the  long  tunnel 
entrance  to  the  Grand  Central  Station  in  New 
York  City.  The  presence  of  smoke  and  steam 
in  this  tunnel  so  obscured  the  signals  that  train 
speeds  were  necessarily  restricted  and  the  capac- 
ity of  the  line  materially  reduced.  Accidents  due 
to  obscured  signals  occurred,  and  one  of  these 
with  a  large  list  of  fatalities  finally  resulted  in  the 
enactment  by  the  state,  in  1903,  of  legislation 
which  compelled  the  railroad  to  perfect  plans  for 
discontinuing  the  use  of  steam  locomotives  in  the 
tunnel.  The  adoption  of  electric  motive  power 
for  operation  through  the  tunnel  enabled  the 
railroad  to  make  plans  providing  for  a  large 
increase  in  the  capacity  of  the  terminal  by 
utilizing  the  sub-surface  areas  for  its  yard  and 
station  tracks.  As  a  result  the  entire  terminal 
has  been  rebuilt.  The  electrification  of  the 
main  line  sections  of  the  Hudson  and  Harlem 
divisions  was  necessary  in  order  to  secure  con- 
tinuous operation  of  the  large  number  of  local 
trains  to  the  ends  of  runs  within  the  suburban 
limits.  With  the  main  line  sections  electrified  for 
suburban  business,  it  became  desirable  to  operate 
through  business  over  these  sections  electrically. 
This  has  made  it  possible  to  remove  the  locomo- 
tive terminals  from  the  congested  area  of  the  city. 

The  traffic  consists  of  heavy  main  line  express 
and  suburban  trains.  The  express  trains  are 
handled  by  electric  locomotives  and  suburban 
service  by  multiple-unit  motor  cars.  The  sched- 
ule speed  of  the  express  trains  has  not  been 
changed  under  electric  operation,  but,  by  reason 
of  the  great  accelerating  capacity  of  the  motor 
cars  in  runs  with  frequent  stops,  it  has  been  pos- 
sible to  increase  the  speed  of  the  local  or  subur- 
ban trains. 

The  system  of  traction  adopted  employs  direct 
current  at  650  volts  with  third  rail  power  con- 
ductor. Current  is  generated  in  two  power  sta- 
tions, built  and  operated  by  the  railroad,  and  is 


transmitted  as  high  tension  alternating  current 
to  substations  located  along  the  lines,  at  which 
it  is  reduced  in  potential  and  converted  into 
direct  current.  The  substations  contain  storage 
batteries  which  equalize  the  load  and  act  as  a 
reserve.  Up  to  the  present  date  the  operation 
has  been  complicated  by  the  reconstruction  of 
the  terminal  so  that  operating  costs  are  not  con- 
sidered representative. 

General  statistics  of  this  electrification  are  as 
follows : 

DATK    OK    INITIAL    Kl.l-.c   IKK     OPERATION.  (MULTIPLE-UNIT) 

Grand  Central  Station  to  High  Bridge  on 
the  Hudson  Division,  and  to  Wakefield 
on  the  Harlem  Division  .....  Dec.,  1906 

DATE   OF   INITIAL   ELECTRIC   OPERATION    (LOCOMOTIVE) 

Grand  Central  Station  to  High  Bridge  on 
the  Hudson  Division,  and  to  Wakefield 
on  the  Harlem  Division Jan.,  1907 

DATE   OF   COMPLETE   CHANGE    OF    MOTIVE    POWER 

Date Aug.,  1907 

DATE   OF   EXTENSIONS 

High  Bridge  to  Yonkers,  Hudson  Division  .  April,  1908 
Wakefield  to  North  White  Plains,  Harlem 

Division Mch.,  1910 

Yonkers  to  Hastings,  Hudson  Division  .  .  April,  1911 

Hastings  to  Tarrytown,  Hudson  Division  .  '  Nov.,  191 1 
Tarrytown  to  Croton  (Multiple-unit)  Hudson 

Division June,  1913 

Tarrytown  to  Harmon  (locomotive),  Hudson 

Division _  June,  1913 

MILEAGE 

Total  route  miles,  main  line 52 . 60 

Total  track  miles,  main  line 177.00 

Total  miles,  yards  and  siding 67 . 60 

Total  miles  of  electrically  equipped  track     .  244.60 

TRAIN   SERVICE 

Passenger,  through Locomotives 

Passenger,   local      .      .     Multiple-unit   trains  and  locomotives 

AVERAGE   NUMBER  OF  CARS   PER  TRAIN 

Passenger,  through 9 

Passenger,  local 6 

AVERAGE    NUMBER   OF   TRAINS   DAILY    (BOTH   WAYS) 

Passenger,  through 151 

Passenger,  local 126 

ELECTRIC   TRAIN    EQUIPMENT 

Locomotives,  passenger 63 

Motor  cars 192 

Trailer  cars 19 

TRAIN-MILES   PER   ANNUM      1  •  1 1  .' 

Passenger,  through  and  local 1,880,014 

CAR-MILES    PER   ANNUM    (1912) 

Passenger,  local 4,974,487 

Freight .  140,000 

TRACTION    POWER    REQUIREMENTS      [>)!-• 

Maximum  one-hour  load,  kw.  (approximate)  20.000 

Total  per  annum,  kw-hr 54,402,8.17 
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The  accompanying  map,  fig.  446,  shows  the 
location  of  the  electrified  lines  of  the  New  York 
Central  &  Hudson  River  Railroad. 


FIG.  446.    ELECTRIFIED  LINES  OF  THE  NEW 
YORK  CENTRAL  &  HUDSON  RIVER  RAILROAD 

205.05    Class    I— Terminal    Operation— New 
York,  New  Haven  &  Hartford  Railroad:    The 

New  York,  New  Haven  &  Hartford  Railroad  oper- 
ates its  passenger  traffic  into  New  York  City, 
over  tracks  owned  by  the  New  York  Central  & 
Hudson  River  Railroad,  from  Wakefield  on  the 
Hudson  Division  to  the  Grand  Central  Station,  a 
distance  of  12.6  miles.  Initially,  the  New  Haven 
Railroad  electrified  its  tracks  from  the  junc- 
tion with  the  New  York  Central  tracks  at  Wake- 
field,  N.  Y.,  to  Stamford,  Conn.,  a  distance  of  20.9 
miles.  Later  the  Harlem  River  Branch,  which 
extends  south  from  New  Rochelle  on  the  main 
line  to  a  point  on  the  Harlem  River  opposite 
i2gth  Street,  New  York  City,  a  distance  of  11.5 
miles,  was  electrified.  This  branch  is  a  high-class 
freight  and  passenger  line,  of  six  and  four  tracks 


without  grade  crossings,  and  is  located  in  a 
densely  populated  territory.  It  connects  with  the 
New  York  Connecting  Railroad,  which  is  under 
construction  and  will  provide  a  through  rail  line  to 
the  western  and  southern  states  over  a  four-track 
bridge  spanning  the  East  River  to  Astoria,  L.  I., 
thence  to  a  connection  with  the  Pennsylvania 
Terminal  Railroad  in  Long  Island  City.  The 
Connecting  Railroad  line  will  be  completed  in 
the  year  1916  and  will  be  operated  electrically. 
In  1913  the  New  Haven  Railroad  decided  to 
extend  its  electrification  to  cover  the  entire  main 
line  to  New  Haven,  Conn.,  a  distance  of  about 
40  miles  from  Stamford,  thus  providing  a  con- 
tinuous run  of  73.2  miles  from  Grand  Central 
Station  to  New  Haven  over  electrified  tracks. 
Partial  electric  operation  on  this  extension  began 
in  June,  1914,  and  thus  all  lines  west  of  New 
Haven  are  now  electrified  for  all  classes  of  service. 
The  total  mileage  of  electrically  equipped  tracks 
embraces  76.57  route  miles  and  531.68  miles  of 
single  track.  This  electrification  constitutes  the 
most  extensive  electric  operation,  for  heavy  service 
on  main  lines,  in  existence  on  any  steam  railroad 
in  the  world. 

The  extensive  electrification  work  of  the  New 
York,  New  Haven  &  Hartford  Railroad  was  un- 
dertaken to  conform  with  the  plans  of  the  New 
York  Central  Railroad  for  the  electrification  of  its 
terminals.  For  this  reason  the  electrification  is  in- 
cluded in  the  examples  of  terminal  electrification, 
its  great  extension  to  main  lines  beyond  the  limits 
of  the  controlling  section  being  due  primarily  to 
the  operating  necessity  of  conducting  a  continu- 
ous service  to  the  limits  of  the  local  service  zone. 

Express  passenger  service  is  conducted  between 
Grand  Central  Station  and  New  Haven  by  electric 
locomotives;  local  passenger  service  is  conducted 
partly  by  electric  locomotive  trains  and  partly 
by  multiple-unit  motor  car  trains.  It  is  possible 
that  in  the  near  future  all  local  service  will  be 
conducted  by  motor  car  trains.  Freight  trains 
are  handled  by  electric  locomotives  from  New 
Haven  to  the  terminal  freight  yards  located  at 
four  different  points  on  the  Harlem  River  Division. 

The  single-phase  alternating  current  system  of 
traction  with  overhead  contact  was  chosen  for  the 
New  Haven  electrification  because  the  plans  of 
the  company  contemplated  the  eventual  extension 
of  electric  traction  over  a  long  distance  on  the 
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main  line,  for  which  purpose  this  system  was 
considered  more  desirable  than  the  direct  current 
system  with  third  rail  which  had  been  adopted  by 
the  New  York  Central  Railroad.  This  decision, 
however,  compelled  the  New  Haven  Company  to 
arrange  its  electric  equipment  so  that  it  could 
be  operated  within  the  direct  current  zone  of  the 
New  York  Central  into  the  Grand  Central  Station 
as  well  as  on  the  alternating  current  extension  of 
the  company's  own  lines.  This  decision  intro- 
duced novel  problems  in  electric  traction,  which 
were  successfully  solved  by  using  a  type  of 
motor  which  may  be  operated  on  either  system 
and  by  equipping  the  locomotives  with  two 
methods  of  current  control  and  two  methods  of 
current  collection  adapted  respectively  to  the 
third  rail  and  the  overhead  working  conductors 
along  the  lines.  In  the  alternating  current  zone 
the  tracks  are  equipped  with  an  overhead  catenary 
trolley  wire  system  delivering  single-phase  alter- 
nating current  at  11,000  volts.  Current  is  gen- 
erated in  the  company's  power  station  at  Cos  Cob 
at  11,000  volts  and  fed  into  the  trolley  wires  at 
suitable  points  at  the  same  voltage.  The  first 
costs  and  operating  expense  of  this  installation 
could  not  be  obtained. 

General    statistics   of    this   electrification    are: 


DATE   OF    INITIAL    ELECTRIC    OPERATION 

Grand   Central   Station    to 

New  Rochelle(local  trains)  July,  1907 

New  Rochelle  to  Portchester 

(local  trains)  ....  Aug.,  1907 

Portchester  to  Stamford 

(local  trains)     ....  Oct.,  1907 

DATE  OF  COMPLETE  CHANGE  OF  MOTIVE  POWER 

Locomotives         ....  June,  1908 

DATE    OF    INITIAL    MULTIPLE-UNIT    OPERATION 

Multiple-unit  trains       .      .  Feb.,  1910 

DATE   OF    EXTENSIONS 

New   Rochelle   to  Harlem 

River  (also  freight  yards)  July,  1912 

Stamford  to  New  Haven   .  June,  1914 


AVERAGE   NUMBER   OF   CARS    PER   TRAIN* 

Pawengcr,  through 5 

AVK.KM.I      M   Mill  K    OF    TRAINS    DAILY    (BOTH    WAYS)* 

Passenger,  through 64 

Passenger,  l<x-al 125 

Freight 3 

I  I  KCTRIC    TRAIN    KO.UIPMIM 

Passenger  locomotives 41 

Combined  freight  and  passenger  lix-ornotives  7 

Freight  locomotives 36 

Switching  locomotives 16 

Motor  cars 27 

Trailer  cars 44 

TRAIN-MILES    PER   ANNUM    (FISCAL    YEAR,    1912)* 

Passenger,  total  (per  month)    .      .      .      .  -.     96,04610124,151 

CAR-MILES    PER   ANNUM    (FISCAL    YEAR,    1912)* 

Passenger,  total  (|XT  month) 530,250  to  757,054 

Freight,  total  (per  month) 18,045  to  83,167 

TRACTION    POWER    RKI.M  JRKMENTS    (FISCAL    YEAR,    1912)* 

Maximum  one-hour  load,  kw 15,400 

Total  per  annum,  kw-hr 39.353,649 

The  accompanying  map,  fig.  447,  shows  the 
location  of  the  electrified  lines  of  the  New  York, 
New  Haven  &  Hartford  Railroad. 

205.06  Class  I — Terminal  Operation — Penn- 
sylvania Railroad,  New  York  Tunnel  Exten- 
sion: The  New  York  Tunnel  Extension  of  the 
Pennsylvania  Railroad  embraces  the  following 
intimately  related  improvements: 

*  Does  not  include  the  Stamford-New  Haven  extension. 


MILEAGE 

Total  route  miles,  main  line  76.57 

Total  track  miles,  main  line  329.38 
Total  miles,  yard  and  siding  202 . 30 
Total  miles  of  electrically 

equipped  track      ...  531.68 

TRAIN    SERVICE 

Passenger,  through  .      .      .         Locomotives 

t     Locomotives  and 
Passenger,  local 


Freight 
Switching 


|  Multiple-unit  trains 
Locomotives 
Locomotives 


FIG.   447.    ELECTRIFIED  LINES  OF  THE   NEW   YORK,   NEW  HAVEN 
&  HARTFORD  RAILROAD 


636 


SMOKE  ABATEMENT  AND  ELECTRIFICATION  IN  CHICAGO 


1 .  An  all-rail  line  to  a  centrally  located  station 
in  New  York  City,  replacing  the  existing  terminal 
in  Jersey  City,  which  was  formerly  reached  from 
New  York  by  ferries  only. 

2 .  A  downtown  passenger  terminal  in  New  York 
City  provided  by  the  electrification  of  the  present 
New  York  Division  tracks  from  Newark  to  Jersey 
City,  and  the  connection  at  the  latter  point  with 
the  line  of  the  Hudson  &  Manhattan  Railroad 
Company  via  tunnels  under  the  North  River  to 
Church  and  Cortlandt  streets,  New  York  City. 

3.  Improvements  on  the  Long  Island  Railroad, 
a  controlled  property,  by  which  its  main  terminal 
is  shifted  from  Long  Island  City  to  the  New  York 
Station. 

4.  An  all-rail  connection  through  New  York 
City  to  the  New  England  States  for  passenger 
traffic  from  the  west  and  south.     This  will  be 
accomplished  by  the  New  York  Connecting  Rail- 
road from  Sunnyside  Yard,  on  the  New  York 
Terminal  Railroad,  to  Port  Morris,  on  the  New 
York,  New  Haven  &  Hartford  Railroad.    The 
New  York  Connecting  Railroad  will  bridge  the 
East  River  at  Hell  Gate. 

All  these  projects  have  been  completed  and  are 
in  operation,  with  the  exception  of  the  New  York 
Connecting  Railroad  which  is  under  construction. 
The  Terminal  Railroad  is  a  new  line  connecting 
with  the  New  York  Division  of  the  Pennsylvania 
Railroad  at  Manhattan  Transfer,  one  mile  east  of 
Newark.  It  comprises  a  transfer  yard  at  that 
point,  a  double  track  elevated  line  across  the 
Hackensack  Meadows  and  two  tunnels  under 
Bergen  Hill  and  the  North  River  to  the  Main 
Station  at  Seventh  Avenue  and  $2d  Street,  New 
York  Cityj  thence  it  continues  as  a  four-track 
railroad  across  the  city  and  under  the  East  River 
to  a  large  make-up  and  storage  yard  in  Long 
Island  City,  and  connects  with  the  Long  Island 
Railroad. 

This  new  line  was  electrified  for  the  purpose 
of  making  practicable  the  operation  of  main  line 
trains  on  heavy  tunnel  grades.  Steam  operation 
was  not  practicable  because  the  station  and  yard 
of  this  great  terminal  were  of  necessity  placed 
underground  and  were  approached  by  long  tun- 
nels under  the  rivers  bounding  the  city.  The 
success  of  the  whole  terminal  plan,  therefore,  was 
predicated  upon  the  success  of  electric  operation. 
This  project  has  been  classified  as  an  example  of 
'Terminal  Operation"  because  the  provision  for 
a  centrally  located  terminal  station  in  New  York 
City  was  the  governing  cause  for  the  improve- 
ment plans  undertaken  by  the  railroad  company. 
While  the  electrification  includes  about  nine  miles 


of  main  line,  this  portion  is  only  incidental  to  the 
terminal  electrification. 

For  all  express  trains  over  the  Pennsylvania  sys- 
tem, in  both  directions,  interchange  of  motive 
power  is  made  at  Manhattan  Transfer.  Passen- 
gers for  downtown  New  York  change  at  Manhat- 
tan Transfer  to  motor  car  trains  of  the  Newark 
Rapid  Transit  Line,  which  is  jointly  operated  by 
the  Pennsylvania  Railroad  Company  and  the 
Hudson  &  Manhattan  Railway  Company.  This 
line  delivers  passengers  at  Exchange  Place,  Jersey 
City,  and  at  the  Hudson  Terminal,  Cortlandt  and 
Church  streets,  New  York.  Local  trains  over 
the  Pennsylvania  Railroad,  from  points  south 
of  Newark  on  the  main  line  and  on  the  Long 
Branch  Division,  are  still  operated  by  steam 
locomotives  into  Jersey  City,  at  which  point  pas- 
sengers transfer  either  to  ferries  or  to  the  Hud- 
son Tunnel  Line  to  New  York.  Freight  traffic 
is  not  conducted  over  the  Tunnel  Line. 

The  direct  current  third  rail  system  of  electric 
traction  was  adopted.  Current  is  supplied  by  the 
company's  power  station  on  the  water  front  at 
Long  Island  City,  where  high  tension  alternating 
current  is  generated  and  transmitted  to  substa- 
tions located  along  the  line,  at  which  points  it  is 
transformed  to  low  tension,  converted  into  di- 
rect current  and  fed  into  the  conductor  rails.  No 
storage  batteries  are  used  in  this  installation. 
Detailed  records  of  the  operating  costs  of  this 
traction  system  have  been  kept,  but  they  furnish 
no  direct  comparison  with  steam  operating  costs 
as  the  service  is  an  entirely  new  one.  The  unit 
costs  of  power  and  maintenance  will,  however, 
be  useful  in  the  consideration  of  the  general  case 
of  heavy  train  operation  by  electric  locomotives. 

General  statistics  of  this  electrification  are  as 
follows: 

DATE    OF    INITIAL    ELECTRIC    OPERATION 

Manhattan  Transfer,  N.  J.,  to  Pennsylvania 
Station,  New  York  City Nov.,  1910 

DATE   OF    INITIAL    MULTIPLE-UNIT   OPERATION 

Park  Place  and  Manhattan  Transfer,  N.  J., 
to  Hudson  Terminal,  New  York  City  (via 
Hudson  &  Manhattan  Railway)  .  .  .  Oct.,  1911 


MILEAGE 

Total  route  miles,  main  line  .  . 
Total  track  miles,  main  line  .  . 
Total  miles,  yard  and  siding  .  . 


46.73 
50.76 


Total  miles  of  electrically  equipped  track    ". 
(New  York  &  Manhattan  Divisions,  P.  R.  R.) 


18.73 
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I  H  M  N     SI'K\  U   I 

,  tliniii);li         l.oroitin lives 

AVF.KM.I      M   MIIKK    OK    CAKS    PER    TRAIN 

Passenger,  through '.     .  6.4 

AVERAGE    NUMBER   OF   TRAINS    DAILY    (BOTH    WAYS) 

Passenger,  through 164 

KLKCTRIC   TRAIN    EQUIPMENT 

Passenger,  locomotives 33 

TRAIN-MILES    PER   ANNUM    (1913) 

Passenger,  through 492,547 

CAR-MILES   PER  ANNUM    (1913) 

Passenger,  through 3,145,014 

TRACTION    POWER    REQUIREMENTS    (1913) 

Maximum  one-hour  load,  kw 12,180 

Total  per  annum,  kw-hr 41,047,529 

The  accompanying  map,  fig.  448,  shows  the 
location  of  the  electrified  lines  of  the  New  York 
Tunnel  Extension  of  the  Pennsylvania  Railroad. 


FIG.  448.     ELECTRIFIED  LINES  OF  THE  NEW 

YORK  TUNNEL  EXTENSION  OF  THE 

PENNSYLVANIA  RAILROAD 

205.07  Class  I — -Terminal  Operation — Tech- 
nical Characteristics:    Table  CCXXVI  presents 
a  summary  of  the  general  and  technical  charac- 
teristics of  the  electrifications  of  American  steam 
roads  included  in  Class  i — Terminal  Operation. 

205.08  Class    II — Main    Line    Operation  — 
West  Jersey  &  Seashore  Railroad:    This  rail- 
road is  one  of  the  divisions  of  the  Pennsylvania 
Railroad  in  southern  New  Jersey.     The  electri- 
fied portion  comprises  the  longer  of  the  two  lines 
which  this  road  operates  from  Camden  to  Atlantic 
City,  the  distance  by  this  route  being  64 . 6  miles. 
The  electrification  also  includes  10  miles  of  the 
Cape  May  line  from  Newfield  to  Millville,  N.  J. 

The  conversion  of  this  line  from  steam  to  electric 
operation  was  undertaken  chiefly  to  ascertain  the 
economic  possibilities  of  main  line  electric  trac- 


tion and  its  effect  on  traffic.  As  the  road  traverses 
a  ] i<>] mli >us  suburban  territory  within  30  miles  of 
Philadelphia  and  has  its  terminus  at  Atlantic 
City,  its  excursion  and  suburban  business  is 
large,  thus  affording  unusual  opportunity  for  the 
observation  of  this  method  of  traction  as  applied 
to  both  long  and  short  distance  traffic. 

Electric  operation  is  conducted  wholly  by  mul- 
tiple-unit motor  car  trains,  no  electric  locomo- 
tives being  used.  Rapid  and  frequent  service  is 
maintained  for  local  traffic  out  of  Camden,  and 
through  traffic  is  conducted  by  motor  car  express 
trains  of  from  three  to  eight  cars  each.  The 
coaches  used  are  of  standard  steam  railroad 
dimensions  and  weights.  The  maximum  speed 
in  express  service  is  about  60  miles  an  hour 
and  the  average  speed,  with  22  miles  between 
stops,  is  about  45  miles  an  hour.  Freight  trains 
and  a  number  of  passenger  trains  are  operated 
over  portions  of  the  electrified  system  by  steam 
locomotives. 

Direct  current  at  650  volts  with  third  rail 
working  conductor  is  employed.  Power  is  gen- 
erated in  a  plant  owned  by  the  railroad  and 
located  near  the  Camden  end  of  the  line,  and  is 
transmitted  as  three-phase  alternating  current 
at  33,000  volts  to  substations  located  along  the 
line  at  intervals  of  about  eight  miles,  at  which 
points  it  is  converted  to  direct  current  and  fed 
into  the  rails. 

General  statistics  of  this  electrification  are  as 
follows : 

DATE   OF   INITIAL   ELECTRIC  OPERATION 

Camden  to  Atlantic  City  and  Newfield  to 
Millville     .     .     .'    .     .- Sept.,  1906 

MILEAGE 

Total  route  miles,  main  line 74.5 

Total  track  miles,  main  line '47-8 

Total  miles,  yard  and  siding 2.46 


Total  miles  of  electrically  equipped  track 


150.26 


TRAIN    SERVICE 

Passenger,  through  .......      Multiple-unit  trains 

Passenger,  local  ........      Multiple-unit  trains 

AVERAGE    NUMBER   OF   CARS    PER   TRAIN 

Passenger,  total  .........  3.7 

AVERAGE   NUMBER  OF   TRAINS   DAILY    (BOTH  WAYS) 

Passengers,  through  ........  30 

Passenger,  local  .........  fo 


Motor  cars 


ELECTRIC   TRAIN    EQUIPMENT 


109 


TRAIN-MILES    PER    ANNUM    (1913) 

Passenger,  total 1,280.992 
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TABLE  CCXXVI.     SUMMARY  OF  GENERAL  AND  TECHNICAL  CHARACTERISTICS  OF  AMERICAN  STEAM  ROAD  ELECTRIFICATIONS 

CLASS  I— TERMINAL  OPERATION 


Details 

Long  Island  Railroad 

New  York  Central  4 
Hudson  River  Railroad 

New  York.  New  Haven  A 
Hartford  Railroad 

Pennsylvania  R.  R.  New 
York  Tunnel  Extension 

5 

1 

2 

Low  tension  direct  current 
Third  rail  

:s 

4 

General: 

Ix>w  tension  direct  current 
Third  rail  . 

Single-phase  alternating 

Low  tension  direct  current 
Third  rail 

Conductors: 

Position  i  

Over  running  
Special  steel  100  and  1ft)  Ib. 

I'mlrr  running  
Special  steel  70  Ib.  per  yd  .  . 

22  ft.  above  track  
Steel  0  4(1  in.  .-.iiiivalent 

I  >vcr  running 
.Special  steel  150  Ib.  per  yd. 

Cast  iron  under  contact 
shoe  

11,000,  3-phase  .. 

22.0OO,  single-phase 

11.000.  3-pha«e  .. 
650  direct 

II.  (KM,  3-phaw 

650  direct'.  

650  direct  

Power  Generation: 

Purchased    from    Pennsyl- 
vania R.  R  

Railroad  Company  

Railroad  Company  

One  steam-el. 
Co.  Cob 

Long  Inland  City  
20.080  kw.  111:1x111111111  load 

Yonkers  and  Port  Morris.  . 
40,000  kv-a  

Eight 

Long  Island  Cm 

Plant  capacity  (total,  1-hr,  rating)      . 

35.500  kv-«  

38,500  kv-«  

None 

Kight 
l.Single-phascmlinK)4-.r>.ll(H) 
kv-a..  :t-:t.  7/io  kv-a..    1- 
4.250  kv-a..  11.000  v.  3- 
phase.  25-cycle 

A.C.  at  11.000  vi.lt- 
None 

.'I.IK  *i    kv-a.    Il.OOO    v     3- 
phase,  25-cycle  .  .  . 

3-5.500  kw.,    11,000   v     :i 
phase.    25-cycle.    2-8.000 
kw  .1  1.000  v.  3-phase,  25- 
cycle,  2-3,000  kw.,  11.000 
v.  .'1-phase,  60-cyrlr   (for 
auxiliary  power  and  light- 
ing)   

Number  of  boilers  (total)  

None.  . 

32  



>.. 

Tvoe 

None 

Water-tube  
625  b   h    |. 

Water-till*' 

Hating      

None 

14-626—14-525  b.  h.  p..  . 

_••„,  js 

525  b.  h.  p. 
IS 

High  Tension  Tran*mi»*ion: 
Feeders  (circuit  miles)  — 
On  poles  (bare  wire)  
Underground  (insulated  cable)  

142.36..  . 

•>'. 

33  .  23  

58... 

None 

:«>  i 

3-phaae.  26-cycIe 
11,000  a.c. 

Single-phase,  2S-<-\ 
22.0OO  a.  c.  (stepped  up  l>\ 
auto    transformers    with 

iiu.l.ll.   |K.inl  Kt.niii'l.-.i  l. 
track  rails)  

KM 

3-phase.  25-cv.l. 
1  1  OOO  a  c 

Voltage             

11.000*.  c  

II  rotury,  2  portable  rotary 
4.9  

Substations: 

Average  distance  apart  (miles)  

6  22     ' 

3  16 

Capacity  (total)  

Sine  of  rotary  converter  units  
Site  of  transformer  units  

42,SOOkw  
1,000  kw. 

None      . 

8,000  kw  
2000  kw 

s.ooo  kw  

4.0OO  kw. 

li.lKKI  kw  

I.(KK)  lew 

None. 

I.SOOkw.                                                l.VIKKIk* 

750  kv-a 

-Mini  kw.   .                               2.OOO  kw 

None 

37.1   k\  -M                                                               37X   In-.. 

Rolling  Stock: 
Locomotives  or  motor  cars  lined  

:..MI  kr-a. 

.MO  kv-a.  . 
735  kv-a.  . 

LiN-iiiimiivi".  and   motor 

.lives  and    motor 

Locomotives  and   motor 

750  kv-a. 

Motor  cars  

414  motor  earn,  97  trailer 
ears  

A3  locomotives,  passenger. 
192  motor  can.  19  trailer 
cars  

41    paaaenger.  7  passenger 
nml  freight.  :«i  freight.  Ill 
switching  loeomot; 
motorcars.  44  trailer  curs 
2.10"   NOO    passenger,    1,500 
freight 

33  locomotive*,  passenger. 

Train  weight  (average)  excluding  loco- 
motive (tons,  2.OOO  Ib.)  

None  

250  —  830 

800 

'^ocomotirea: 
Class  

None 

4-8-4 

4-4-4-4 

(Most  recent  types) 
2-4-4-2  *  .  . 

Total  weight  (tons,  2,000  Ib.)  
Weight  on  drivers  (Ib.)  

None  

0-4-4-4-4-0.. 

•till..  
121 

2-4-4-2  t  

156 

0-4-4-0  J 

110  * 

None 

118   . 

120  t 

200  000 

132.  .  . 

80  t 

150000 

16AOOO  * 

Number  of  motors  

None  

236.0OO    . 

180.400  t 

2 

264.000 

ifloooo; 

4 

8  * 

Type  of  motor  ... 

None 

8 
8 
Direct  mounted  around 
aide.    . 

8  t 

Side  rod  drive  
1  250  h  p 

4  i 

Geared  to  quill  spring  drive 
210*  . 

Capacity  per  motor  (h.p.,  1-hr,  rating) 
Tractive  effort  of  locomotive  (Ib.,  1-hr. 

None  

550  

235.  .. 

170  t 

21,000  
60 

None  
None  

330  

190  t  

Normal  speed  of  locomotive  (rated  load 
on  level  track)  mi.  per  hr  

\totor  Cora:  . 

Weight  excluding  passengers  (tons)  ,  .  . 
Seating  capacity  

20.400  
13,500.  . 

17.700  *  .... 
18.600  t 

20,400 

23.200  t  
54  * 

52 

41-60.  . 
52-72  

60 

54  + 

36-55  .  . 
44-72 

60  

25  i  ,    . 

53-57.5  .  . 
64 

87  1  
76 

Number  of  motors  
Capacity  per  motor  (h.p.,  1-hr,  rating) 
Trailer  Cars: 

Weight  excluding  passengers  (tons)  .  . 
Seating  capacity  

2.  . 
20O-225  

2  

200  

4.  . 

170 

225-215 

16-20.  . 
24-56  .  . 

44.  . 

(U 

SO.  . 

•7R 

None  

*  Freight  locomotive.         f  Combined  passenger  and  freight  locomotives.                            J  Freight  switching  locomotive.         1  Both   a.  c.  and  d.  c.  service. 
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CAR-MILES    PER    ANNUM 

Passenger,  total 4,698,522 

TRACTION    POWER    REQUIREMENTS    (iQlj) 

Maximum  one-hour  load,  kw 10,500 

Total  per  annum,  kw-hr 18,276,545 

The  accompanying  map,  fig.  449,  shows  the 
location  of  the  electrified  lines  of  the  West  Jersey 
&  Seashore  Railroad. 


FIG.  449.    ELECTRIFIED  LINES  OF  THE  WEST  JERSEY 
&  SEASHORE  RAILROAD 

205.09  Class  II — Main  Line  Operation  — 
Spokane  &  Inland  Empire  Railroad:  This  is  a 
composite  system  operating  interurban  traffic, 
city  traction  and  a  freight  and  passenger  business 
over  a  long  single  track  railroad.  The  operation 
of  the  freight  and  passenger  business  alone  is 
considered  in  this  sketch  as  presenting  an  exam- 
ple of  electric  traction  under  steam  railroad  con- 
ditions. The  terminus  of  the  road  is  at  Spokane, 
Wash. ;  the  interurban  division  runs  east  as 
a  6oo-volt  direct  current  line  to  Cceur  d'Alene, 
and  the  freight  and  passenger  division  extends 
south  as  a  single-phase  alternating  current  line, 
to  Colfax,  Wash.,  and  Moscow,  Idaho.  The  road 
presents  severe  operating  conditions  for  the  elec- 
tric equipment;  there  are  several  two  per  cent 


grades  and  twelve  degree  curves.      The  longest 
tangent  is  only  about  two  miles  in  length. 

This  road  was  built  for  electric  operation  but 
its  traffic  and  operating  requirements  are  similar 
to  those  of  steam  trunk  line  railroads.  It  is  an 
example  of  railroad  construction  undertaken  for 
the  purpose  of  stimulating  the  development  of  a 
new  and  rich  farming  country.  Inasmuch  as  coal 
is  expensive  in  this  territory  and  water  power  for 
the  generation  of  electricity  is  available  on  the 
line,  it  was  thought  that  traffic  could  be  handled 
at  less  cost  and  in  a  more  satisfactory  manner 
by  employing  electricity  rather  than  steam  as  a 
motive  power. 

The  freight  business  consists  chiefly  of  grain 
and  lumber  which  are  handled  in  standard  rail- 
road freight  cars  hauled  by  electric  locomotives, 
the  average  weight  of  the  trains  being  350  tons. 
The  freight  terminal  in  Spokane  is  advantageous-' 
ly  located  between  the  terminals  of  the  Great 
Northern  and  the  Northern  Pacific  railways,  and 
is  connected  with  these  roads  by  transfer  tracks 
for  the  interchange  of  freight.  Two  regular 
freight  trains  per  day,  one  each  way,  are  operated 
from  both  of  the  southern  terminals,  which  gives 
a  service  of  four  freight  trains  per  day  on  the  main 
line.  Passenger  service  on  the  main  line,  from 
Spring  Valley  Junction  to  Spokane,  is  conducted 
by  motor  and  trailer  cars  in  trains  of  from  one  to 
five  cars.  The  schedule  calls  for  twelve  trains 
per  day  on  the  main  line  and  for  six  trains  on 
branch  lines.  Freight  and  express  business  is 
handled  by  motor  cars  and  locomotives  on  the 
interurban  division,  which  connects  at  Cceur 
d'Alene  with  the  steamboat  lines  on  the  St. 
Joseph  and  the  St.  Marys  rivers. 

The. freight  divisions  of  the  road  are  operated 
by  the  single-phase  alternating  current  system, 
the  installation  being  the  first  of  its  kind  in  this 
country  for  heavy  long  distance  work.  The 
interurban  portion  of  the  system,  from  Spokane 
to  Cceur  d'Alene,  a  distance  of  32.5  miles,  and 
the  Spokane  Traction  Company's  lines  in  the 
city,  comprising  about  52  miles,  are  operated 
with  direct  current  at  600  volts  with  an  overhead 
trolley  wire.  A  hydro-electric  station,  located  on 
the  Spokane  River  about  9  miles  from  Spokane, 
develops  power  for  the  entire  system.  Power  is 
generated  as  2,2oo-volt,  6o-cycle,  alternating  cur- 
rent, converted  for  the  interurban  and  city  lines 
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to  direct  current,  and  is  transmitted,  through 
step-up  transformers  and  frequency  changers,  as 
45,ooo-volt,  single-phase,  as-cycle,  alternating  cur- 
rent along  the  freight  division  to  convenient  points 
at  which  it  is  transformed  to  6,600  volts  and  fed  to 
the  trolley  wire.  The  contact  system  employed 
for  the  freight  division  is  of  the  single  overhead 
catenary  wire  construction. 

General  statistics  of  this  system  are  as  follows: 

DATE   OP   INITIAL  ELECTRIC   OPERATION 

Spokane  to  Waverly Sept.,  1906 

Waverly  to  Rosalia April,  1907 

Spring  Valley  Junction  to  Oakesdalc    .      .      .  May,  1907 

Oakesdale  to  Palouse July.  1907 

Rosalia  to  Colfax July,  1907 

Palouse  to  Moscow Sept.,  1908 

MILEAGE 

Total  route  miles,  main  line 127.0 

Total  track  miles,  main  line 1*9-5 

Total  miles,  yard  and  siding 1.5 

Total  miles  of  electrically  equipped  track       .  131.0 

TRAIN   HER  VICE 

Passenger Multiple-unit  trains 

Freight Locomotives 

AVERAGE    NUMBER   Or   CARS    PER   TRAIN 

Passenger 2.4 

AVERAGE    NUMBER   OF   TRAINS    DAILY    (BOTH    WAYS) 

Passenger 12 

Freight 4 

ELECTRIC   TRAIN     EQUIPMENT 

Freight  locomotives        1 1 

Motor  cars 15 

Trailer  cars 6 

TRAIN-MILE-)    PER    ANNUM       I'll.' 

Passenger 395.59** 

CAR-MILES    PER   ANNUM    i  l')l." 

Passenger 934,583 

Freight 1,052,576 

TRACTION    POWER   REQUIREMENTS    (1913) 

Maximum  one-hour  load,  kw 2,450 

Total  per  annum,  kw-hr 9,463,000 

The  accompanying  map,  fig.  450,  shows  the  loca- 
tion of  the  electric  lines  operated  by  the  Spokane 
&  Inland  Empire  Railroad. 

205.10  Class  II — Main  Line  Operation  - 
Butte,  Anaconda  &  Pacific  Railway:  This  road 
is  principally  engaged  in  hauling  copper  ore  from 
mines  in  the  vicinity  of  Butte,  Mont.,  to  the 
smelters  near  Anaconda.  It  is  an  example  of 
heavy  freight  electric  operation  under  main  line 
conditions.  The  electrified  section  of  the  road 


FIG.  450.    ELECTRIFIED  LINES  OF  THE  SPOKANE 
&  INLAND  EMPIRE  RAILROAD 

comprises  about  30  route  miles  of  single  track, 
and,  together  with  yards  and  sidings,  embraces  a 
total  of  90.5  miles  of  track.  The  branch  line 
from  the  Smelter  Station  to  Washoe  smelter,  a 
distance  of  6 . 8  miles,  is  not  included  in  the  route 
mileage  given,  as  it  serves  only  for  shifting  cars 
from  the  East  Anaconda  Yard  to  the  smelter. 

While  it  has  not  been  possible  to  obtain  exact 
information  as  to  the  object  of  this  electrification, 
it  is  understood  that,  by  means  of  electric  traction, 
the  company  expected  to  increase  the  capac- 
ity of  the  line  by  hauling  longer  trains  at  higher 
speeds,  and  to  effect  operating  savings  by  sub- 
stituting cheap  hydro-electric  power  for  steam 
power  developed  by  the  burning  of  coal  in  steam 
locomotives. 
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The  most  important  traffic  consists  of  copper 
ore  trains,  the  present  movement  amounting  to 
about  5,000,000  tons  per  annum,  or  an  average 
of  13,700  tons  daily.  Trains  of  55  cars,  weighing 
3,740  tons,  are  handled  against  a  ruling  grade  of 
0.3  per  cent  on  the  main  line,  and  trains  of  1,400 
tons,  against  a  grade  of  i .  i  per  cent  on  the  Smel- 
ters Hill  line.  It  is  understood  that  traffic  on  the 
main  line  is  conducted  at  considerably  higher 
speed  than  was  the  case  with  the  previous  steam 
operation,  and  that  on  the  Smelters  Hill  electric 
locomotives  handle  25  per  cent  more  tonnage  than 
steam  locomotives  and  make  the  run  of  7.25 
miles  in  about  half  the  time  previously  required. 
Freight  service  is  handled  by  electric  locomotives 
exclusively,  single  or  double  electric  units  being 
used  as  required.  The  freight  locomotives  weigh 
about  80  tons,  all  on  drivers,  and  are  equipped 
with  four  i, 200- volt  motors  connected  two  in 
series  to  operate  on  the  2,4oo-volt  line.  The 
normal  speed  of  the  freight  service  is  21  miles 
per  hour  on  level  track.  A  certain  amount  of 
passenger  service  is  also  conducted  by  elec- 
tric locomotives.  At  the  present  time  this 
passenger  traffic  amounts  to  nine  trains  daily, 
averaging  from  three  to  four  cars  each.  The 
passenger  locomotives  are  of  the  same  design  as 
the  freight  locomotives,  except  that  they  are 
geared  for  a  maximum  speed 
of  45  miles  per  hour  on  level 
track. 

This  is  the  first  example 
in  this  country  of  the  use  of 
2,40o-volt  direct  current  for 
heavy  electric  traction.  Cur- 
rent is  generated  in  a  hydro- 
electric plant  of  the  Montana 
Power  Company  at  Great 
Falls,  Mont.,  and  delivered  as 
three-phase,  6o-cycle  current 
at  100,000  volts  potential,  to 
two  substations  on  the  line. 
In  these  substations  the  cur- 
rent is  transformed  to  low 
potential  and  converted  by 
motor-generator  sets  into  di- 
rect current  at  2,400  volts  to 
be  fed  into  overhead  trolley 
wires.  As  full  electric  op- 
eration on  this  line  was 


inaugurated  very  recently,  statistics  as  to  power 
requirements  and  operating  results  are  not 
available. 

The  accompanying  map,  fig.  451,  shows  the 
location  of  the  electrified  lines  of  the  Butte, 
Anaconda  &  Pacific  Railway. 

General  statistics  of  this  electrification  are  as 
follows : 

DATE   OF    INITIAL    ELECTRIC   OPERATION 

K;ist  Anaconda  to  Washoe  Smelter  (freight).  June  3,  1913 

Anaconda  to  Buttc  (passenger)      ....  Oct.  I,  1913 

Kast  Anaconda  to  Rocker  (freight)     .      .      .  Oct.  10,  1913 

Rocker  to  Butte  Hill  (freight)        .      .      ...  Oct.  20,  1913 


MILEAGE 

Total  route  miles,  main  line 

Total  track  miles,  main  line 30.4 

Total  miles,  yard  and  siding 60 .  i 

Total  miles  of  electrically  equipped  track 


30.4 


TRAIN    SERVICE 


Passenger 
Freight  . 
Switching 

Passenger 
Freight  . 


90.5 

Locomotives 
Locomotives 
Locomotives 


AVERAGE    NUMBER    OF   CARS    PER   TRAIN 


32 

33-3 


AVERAGE    NUMBER   OF   TRAINS    DAILY    (BOTH    WAYS) 

Passenger 9 

Freight 73 

*  Freight  train  and  car  mileage  are  based  on  partial  figures,  as  service  was 
only  begun  during  the  month  of  October,  1913. 


Anaconda 
Washoe 
Smelter 


FIG.  451. 


ELECTRIFIED  LINES  OF  THE  BUTTE,  ANACONDA  & 
PACIFIC  RAILWAY 


21 
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ELECTRIC   TRAIN   EQUIPMENT 

Passenger  locomotives 

Freight  locomotives 

TRAIN-MILES   PER    MONTH    (OCTOBER, 

Passenger 

Freight 

CAR-MILES   PER   MONTH   (OCTOBBR,   1913) 

Passenger 

Freight 


2 
15 

7,280 
6,177 


23.408 
205,850* 


TRACTION    POWER    REQUIREMENTS    U9I3) 

Maximum  one-hour  load,  kw.  (est.)    .      .      .  4,250 

Total  per  annum  kw-hr.  (est.)       ....  19,231,000 

205.11  Class  II — Main  Line  Operation — Tech- 
nical Characteristics:  Table  CCXXVII  presents 
a  summary  of  the  general  and  technical  character- 
istics of  the  electrifications  of  American  steam 
roads  included  in  Class  II — Main  Line  Operation. 


TABLE  CCXXVII.    SUMMARY  OF  GENERAL  AND  TECHNICAL  CHARACTERISTICS  OP  AMERICAN  STEAM  ROAD  ELECTRIFICATIONS 

CLASS  II— MAIN  LINE  OPERATION 


Details 

West  Jersey  &  Seashore 
Railroad 

Spokane  A  Inland  Empire 
Railroad 

Butt*.  Armi-unda  A  Pacific 
way 

! 

1 

4 

General: 

Low  tension  direct  current  

Single-phase  alternating  current. 

High  tension  direct  current 

Conductors: 

Third  rail  

Orerhrad  trolley 

Overhead  trolley 

p^^! 

22  fp**t  above  track 

22  fr.                          .k 

a-^       ft    '     tnriftJ 

Steel  100  Ib.  per  yd  

Cast  iron  slipper  shoe  

Pantograph  sliding  nnd  poletrolley 

ype                 Voltaire 

33.000,  3-phase  

10O.OOO,  3-phasc 

r*r*  » 

650,  direct  

...,,,.     .     „•.-[•..-. 

2,400.     : 

Power  Generation: 

Uwner  01  plan  

Company  . 

One  hydro-eli  •  1  1. 

Westville  

Near  Spokane  on  the  Spokane 

Great  Falls,  Mont 

8.000  kv-a  .   . 

River 
12.000  kw.           .      . 

4,250  kw.    . 

4     .        .    .           

4 

None 

2,000  kv-a..  6.600  v..  3-phase.  25- 

3.000  kw..  2.200  v..  3-phase.  60- 

a.c.  at  100,000  volU.. 

rycle 

T            t       '               v»>r 

None 

16  

None  

\ 

35H  b.h.p  

None    

None 

High  Tention  Transmission: 
Feeders  (circuit  miles)  — 

138.6... 

110.4..  . 

None  .  . 

None  .                                 

None 

None 

-           •  •          .  '     . 

3-phase,  00-cyclc 

Voltage                               

33,000  a.c  

4.VOOO«r  

100,000  a.c  

Subitationt: 

S-  rotary  

10  static.  1  frequency  changing 

3-motor  generator   . 

0.9... 

station 
12... 

26... 

17,000  kw  

15,250  kw.  . 

6.00O  kw 

500  —  1,000  kw  

\ 

185—370  iiv-fj  

375  kv-a      

Rolling  Sloe*: 

Train  weight  (average)  excluding  locomo- 

None 

350  freight 

126  passenger;  6OO     3740  freight 

Locomotitxt: 

(Depending    on    grade    where 
operated)  

Class  

None  .  . 

0  4  4-0  (Both  a.c.  and  d.c.  serviie) 

O-4-4-0 

Total  weight  (tons,  2,000  Ib.)    

None 

52—72 

80 

None 

104  (XJO  —  144  000 

160  000  « 

None 

4   . 

4 

None 

Geared  to  axle 

150--17S 

300 

Tractive  effort  of  locomotive  (Ib.,  1  lir. 

UMOO—  22,000 

30000 

Normal  speed  of  locomotive  (rated  load 

None  .'  

25  —  15 

45  (passenger)    21  (freight) 

Motor  Cars: 
Weight  excluding  passengers  (tons)  

47—52  .  .  . 

47... 

None    . 

36—72  

38 

NM  • 

Number  of  motors  

2  

4... 

\  1  ... 

Capacity  per  motor  (h.p.,  1-hr,  rating) 

200  

125  

None  

Trailer  Cart 
Weight  excluding  passengers  (tons)  

None  

32... 

None 

Seating  capacity  

None  

82  

None                           
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205.12  Class  III  —  Suburban  Operation  —  Erie 
Railroad,  Rochester  Division:  This  electrification 
embraces  a  portion  of  the  main  line  of  the  Erie 
Railroad  extending  from  Rochester  to  Avon,  N.  Y., 
a  distance  of  19  miles,  and  a  branch  line  to  Mt. 
Morris,  a  distance  of  15  miles,  comprising  a  total 
route  distance  of  34  miles  of  electrically  equipped 
track.  The  road  is  of  single  track  construction 
with  light  grades.  The  territory  traversed  is  a 
prosperous  and  well  populated  farming  region. 
A  local  and  interurban  business  of  considerable 
density  comprises  the  traffic. 

This  electrification  was  largely  experimental, 
having  been  undertaken  for  the  purpose  of  noting 
the  effect  of  electric  traction  on  traffic  and  on 
operating  costs,  especially  in  view  of  the  cheap 
hydro-electric  power  available.  The  operation 
is  said  to  have  been  successful. 

Electric  service  is  confined  to  passenger  traffic. 
The  trains  are  made  up  of  multiple-unit  motor 
cars,  generally  of  two  cars  each,  or  of  motor  cars 
with  steam  coach  trailers.  Nineteen  trains  per 
day  are  operated,  on  the  average,  with  a  total 
equipment  in  service  of  eight  motor  cars  and  a 
few  steam  coach  trailers.  Through  passenger 
trains  to  Rochester  from  eastern  points,  as  well 
as  freight  trains  over  the  electrified  line,  are 
handled  by  steam  locomotives. 

This  is  an  early  example  of  the  use  of  single- 
phase  alternating  current  traction  on  a  steam 
railroad.  Alternating  current  is  supplied  by  the 
development  of  the  Ontario  Power  Company  at 
Niagara  Falls,  N.  Y.,  and  is  transformed  to  the 
proper  voltage  and  frequency  for  use  in  the  over- 
head trolley  construction  of  the  railroad.  The 
operation  is  not  an  extensive  one  and,  therefore, 
the  amount  of  power  required  is  not  large,  the 
maximum  being  about  i  ,000  kilowatts. 

General  statistics  of  this  electrification  are  as 
follows: 


AVKk.M.I     NUMBER  OF   TRAINS   DAILY    (BOTH    WAYS) 

Passenger 19 


DATE  OF  INITIAL  ELECTRIC  OPERATION 

Rochester  to  Mt.  Morris     ......  June 


,  1907 

34 


MILEAGE 

Total  route  miles,  main  line 

Total  track  miles,  main  line 34 

Total  miles,  yard  and  siding 4 

Total  miles  of  electrically  equipped  track     .  38 

TRAIN    SERVICE 

Passenger Multiple-unit  trains 

AVERAGE    NUMBER    OF    CARS    PER   TRAIN 

Passenger 1.7 


Motor  cars 


ELECTRIC   TRAIN    EQUIPMRXT 


Passenger 


TRAIN-MILES  DAILY    (1913) 


CAR-MILES  DAILY   (1913) 


8 

517 

900 

TRACTION   POWER  REQUIREMENTS   (lgI2) 

Maximum  load,  one-minute  peak,  kw.     .      .  955 

Total  per  annum,  kw-hr 1,450,810 

The  accompanying  map,  fig.  452,  shows  the  loca- 
tion of  the  electrified  lines  of  .the  Erie  Railroad 
near  Rochester,  N.  Y. 


FIG.  452.    ELECTRIFIED  LINES  OF  THE  ERIE  RAIL- 
ROAD NEAR  ROCHESTER,  N.  Y. 

205.13  Class  III  —  Suburban  Operation- 
Southern  Pacific  Railroad:  This  electrification 
embraces  certain  suburban  lines  of  the  Southern 
Pacific  Railroad  in  and  between  the  towns  of 
Alameda,  Oakland  and  Berkeley,  Cal.  While  the 
electrification  is  quite  extensive,  comprising  about 
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52  miles  of  route  of  which  the  greater  part  is  a 
double  track  line,  it  includes  a  large  extent  of 
trackage  in  city  streets.  In  some  respects,  there- 
fore, it  cannot  be  considered  an  electrification 
under  steam  railroad  conditions.  It  is,  however, 
an  example  in  which  heavy  motor  car  trains  take 
the  place  of  trains  previously  hauled  by  steam 
locomotives,  and  is,  therefore,  given  as  an  under- 
taking of  an  important  steam  railroad  company  to 
handle  a  large  suburban  traffic  by  electric  traction. 

A  thickly  settled  community  had  grown  up 
around  the  Southern  Pacific  terminal  at  Oakland 
during  the  50  years  of  its  operation,  and  steam 
service  had  been  extended  from  time  to  time  to 
serve  the  growing  community,  many  of  the  exten- 
sions passing  through  the  streets  of  towns.  The 
operating  disadvantages  of  these  conditions,  and 
the  strong  pressure  of  public  opinion  and  of  city 
authorities  against  the  use  of  steam  locomotives 
finally  compelled  a  change  in  motive  power. 
Moreover,  it  had  become  necessary  to  operate  in 
competition  with  the  fast  electric  service  of  a 
parallel  suburban  electric  line. 

The  towns  of  Oakland,  ATameda  and  Berkeley, 


FIG.  453.    ELECTRIFIED  LINES  OF  THE  SOUTHERN 
PACIFIC  RAILROAD 


Cal.,  comprise  practically  a  continuous  well  pop- 
ulated district  on  the  east  side  of  San  Francisco 
Bay,  and  include  residential  districts  for  large 
numbers  of  people  engaged  in  business  in  San 
Francisco.  This  traffic  is  ferried  across  the  bay 
and  distributed  by  a  network  of  lines  to  the 
towns  and  adjoining  districts.  Passenger  traffic 
during  the  rush  hours  is  heavy,  requiring  trains 
of  six  to  eight  cars  at  short  intervals.  Approxi- 
mately 16,000,000  people  are  carried  over  the 
electric  system  of  the  Southern  Pacific  yearly. 
The  trains  are  made  up  of  steel  motor  cars  and 
trailers  of  large  capacity,  of  which  141  are  in  ser- 
vice. The  road  is  operated  by  a  multiple-unit 
system  at  a  schedule  speed  of  22  miles  an  hour, 
with  0.68  mile  average  distance  between  stops. 
Certain  trains  run  as  express  trains  from  the  ferry 
mole  for  2.5  miles  without  stop,  and  then  make 
eight  stops  in  the  succeeding  5  miles.  On  the 
average,  783  trains  are  operated  daily. 

Since  portions  of  these  lines  are  operated  in  city 
streets  or  highways,  the  overhead  trolley  system 
has  been  adopted.  Direct  current  at  1,200  volts 
is  employed.  The  railroad  has  erected  a  steam 
power  station  to  furnish  current  for  opera- 
tion, and  has  also  contracted  with  one  of 
the  hydro-electric  power  companies  for  an 
alternative  source  of  power.  No  statistics 
of  operating  costs  are  available  for  this 
installation. 

General   statistics  of  this  electrification 
follow : 

DATE  OF  INITIAL  ELECTRIC   OPERATION   JUNE,    19!  I 
MILEAGE 

Total  route  miles,  main  line   ...  52 . 25 

Total  track  miles,  main  line   .      .      .    100.81 
Total  miles,  yard  and  siding  .      .      .     14.00 

Total   miles  of  electrically  equipped 

track         114.81 

TRAIN     SERVICE 

Passenger,  express        ....      Multiple-unit  trains 
Passenger,  local Multiple-unit  trains 

AVERAGE    NUMBER    OF    CARS    PER    TRAIN 

Passenger 2 

AVERAGE   NUMBER   OF   TRAINS    DAILY    (BOTH   WAYS) 

Passenger,  express  .......  2 

Passenger,  local 783 

1  1  !•<  TRIC   TRAIN    EQUIPMENT 

Motor  cars        81 

Trailer  cars 60 

TRAIN-MILES   PER    ANNUM    (FISCAL   YEAR,    1912) 

Passenger 2,524,625 
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CAR-MILES    PER    ANNUM    (riMCAL    YKAR,    KJI2) 

Passenger 5,055.785 

TRACTION    IOWKR    KEOl IKKMKNTS    (iQtj) 

Maximum  one-hour  load,  kw 6,900 

Total  per  annum,  kw-hr 27,819,30" 

The  accompanying  map,  fig.  453,  shows  the 
electrified  lines  of  the  Southern  Pacific  Railroad. 

205.14  ClassIII  — Suburban  Operation — New 
York,  Westchester  &  Boston  Railway:  This 
is  an  example  of  a  high-class  two  and  four  track 
suburban  railroad  initially  constructed  for  electric 
operation.  It  is  owned  by  the  New  York,  New 
Haven  &  Hartford  Railroad,  and  operates  from 
the  latter's  terminal  station  at  i2gth  Street  and 
Harlem  River,  New  York  City,  over  a  portion 
of  the  Harlem  River  Division  to  a  point  near 
Westchester  Avenue,  .a  distance  of  3.3  miles. 
Near  Westchester  Avenue  the  new  line  diverges 
from  that  of  the  New  Haven  Railroad  and 
extends  as  a  four-track  line  on  private  right-of- 
way  for  6.8  miles  to  Mt.  Vernon.  At  this  point  it 
divides,  one  line  extending  as  a  double  track  road 
for  9.4  miles  to  White  Plains,  and  the  other  as 
a  double  track  road  for  2.1  miles  to  the  main  line 
of  the  New  Haven  Railroad  at  New  Rochelle. 
The  road  is  located  in  a  country  destined  to  be 
densely  populated,  which  has  not  previously  had 
rapid  transit  facilities.  The  road  has  no  grade 
crossings  on  any  of  its  lines,  and  is  an  excellent 
example  of  high-class  railroad  construction.  It 
is  equipped  with  a  complete  block  signal  system. 

The  franchise  for  this  road  had  been  in  existence 
'for  a  number  of  years,  but  construction  was  not 
undertaken  until  the  property  was  acquired  by 
the  New  Haven  Railroad,  which  secured  for  the 
road  a  terminal  in  the  city.  The  franchise  is 
unusually  restricted  in  that  it  specifies  the  mini- 
mum number  of  trains  to  be  operated,  the  hours 
of  service  and  the  fare  to  be  charged;  it  also 
specifies  that  the  line  must  be  operated  by  some 
motive  power  other  than  steam. 

The  traffic  is  almost  entirely  local  passenger, 
although  the  road  handles  a  small  amount  of 
freight.  Multiple-unit  trains  of  from  one  to 
three  cars  are  run  frequently,  the  schedule  calling 
for  about  93  express  trains  and  in  local  trains 
daily.  Based  on  present  business,*  the  schedule 
is  liberal.  Local  trains  generally  have  one  car 
only  and  express  trains  three  cars.  The  cars  are 

*In  October,  1913,  this  amounted  to  262.280  passengers. 


of  steel  and  weigh  120,000  pounds  completely 
equipped.  They  are  70  feet  in  length  and  have 
a  seating  capacity  of  78  passengers. 

The  single-phase  alternating  current  traction 
system  is  employed,  making  the  equipment  inter- 
changeable with  that  of  the  New  Haven  Rail- 
road. Power  is  taken  from  the  Cos  Cob  plant 
of  the  latter  road.  No  figures  are  obtainable 
in  regard  to  operating  costs. 

The  accompanying  map,  fig.  454,  shows  the 
location  of  the  electrified  lines  of  the  New  York, 
Westchester  &  Boston  Railway . 


FIG.  454.     ELECTRIFIED  LINES  OF  THE  NEW 

YORK,  WESTCHESTER  &  BOSTON 

RAILWAY 

General  statistics  of  this  electrification  are  as 
follows : 

DATE   OF   INITIAL    ELECTRIC    OPERATION 

I  Both  Street  to  New  Rochelle        .      .      .      .    "  May,  1912 

Mt.  Vernon  to  White  Plains July,  1912 

iSoth  Street  to  Harlem  River  Station      .      .  Aug.,  1912 

MILEAGE 

Total  route  miles,  main  line 18.23 

Total  track  miles,  main  line 49 .60 

Total  miles,  yard  and  siding 3-96 

Total  miles  of  electrically  equipped  track      .  53  56 

TRAIN    SERVICE 

Passenger,  express Multiple-unit  trains 

Passenger,  local Single  motor  cars 

Freight Locomotives 
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AVERAGE    NUMBER   OF   CARS   PER   TRAIN 

Passenger,  local ' 

Passenger,  express 3 

AVERAGE  NUMBER  OF  TRAINS  DAILY   (BOTH   WAYS) 

Passenger,  express 93 

Passenger,  local H* 

ELECTRIC   TRAIN   EQUIPMENT 

Motor  cars 3° 

Freight  locomotives I 


TRAIN-MILES   PER   MONTH    (OCT.,    1913) 


Passenger 


98,147 


CAR-MILES   PER   MONTH    (OCT., 

Passenger 118,000 

Freight 4,385 

TRACTION   POWER   REQUIREMENTS    (1913) 

Maximum  one-hour  load,  kw i  ,376 

Total  per  annum,  kw-hr 7,200,000 

205.15  Class  in — Suburban  Operation  — 
Technical  Characteristics:  Table  CCXXVIII  pre- 
sents a  summary  of  general  and  technical  char- 
acteristics of  electrifications  of  American  steam 
roads  included  in  Class  III — Suburban  Operation. 


TABLE  CCXXVIII.     SUMMARY   OP   GENERAL   AND    TECHNICAL   CHARACTERISTICS  OP  AMERICAN    STEAM    ROAD    ELECTRIFICA- 
TIONS. CLASS  III— SUBURBAN  OPERATION 


Details 
1. 


Erie  Railroad 


Southern  Pacific  Railroad 


New  York.  Westchester  * 
Boston  Railway 


GmsroJ: 
System  of  traction Single-phase  alternating  current      High  tension  direct  current  . 

Conductor  i : 

Type  of  working  conductor Overhead  trolley Overhead  trolley Overhead  trolley 


Single-phase  alternating  current. . . 


Position  I  21  ft.  above  track . ............      22  ft.  above  track 22  ft.  above  track 

Sin  and  material. Steel  0.41  in.  equivalent  diameter     Copper  0.46   in.   equivalent  di-     Steel  0.46  in.  equivalent  diameter 


Type  of  collector . 
Transmission  voltage  . 


. 

Pantograph  sliding Pantograph  roller 

00,000.  3-pbase 13,200. 3-phase 


Contact  voltage 1 1,000,  single-phase 

Power  Generation: 
Owner  of  plant Purchased  from  Ontario  Power 


Company . 

Number  of  plants  and  type Hydro-electric 

Location Niagara  Fall*.  Ontario,  Canada 

Plant  capacity  (total,  1  hr.  rating)   . .                 H5JS  kw.  maximum  load  for  elec- 
tric traction 

Number  of  generators  (total) None 

Rating  and  type 


1,200.  direct. 


Pantograph  sliding  . . 
22,000,  stogie-phase  . 
11.000.  single  phase  , 


A.C.  at  60,000  volts :.. 


Railroad  Company Purchased  from   N     V.,  N.    H.    A 

11.  R.  R. 

One  steam-electric  One  steam-electric 

Fruitvale Cos  Cob 

10,000  kw 1376  kw.  maximum  load  for  electric 

traction 

2 None 

8,000  kw.    13,200  v.  3-phase  25-  A.  C.  at  22.000  volts 

cycle 

Type  of  prime  mover None Steam  turbine* None 

Number  of  boilers  (total) None 12 None 

Type  None Water-tube None 

Rating .'  i None 645  b.h.p None 

High  Tension  Transmission: 

Feeders  (circuit  miles) — 

On  poles  (bare  wire) 14.0 27.0 46.26 

Underground  (insulated  cables)    .  None 7 . 24 None 

Type . .  3-phase,  25-cycle 3-phase,  25-cycle Single-phase,  25-cycle 

Voltage 00.000  a.  c 13.200  a.  c 22,000  a.  c.  (stepped  up  by  auto 

transformer   with    middle    point 
grounded  to  track  rails) 
Substation*: 

Number  and'type i  One  static 4  rotary;  one  in  power  station. ..  None 

Average  distance  apart  (miles) "None 6.27 None 

Capacity  (total) 2.250  kv-a 15.00O  kw None 

Siie  of  rotary  converter  units None Two  750  kw.  in  series None 

Sise  of  transformer  unite 750  k»-« 1.500  kv-a None 

Rolling  Stock: 

Locomotives  or  motor  cars  used    .  Motor  cars Motor  cars Motor  cars 

Number  and  service 8  motorcars 81  motor  cars,  60  trailers  oars. .  .  1  freight  locomotive,  30  motor  can 

Train  weight  (average)  excluding  locomotives 

(tons.  2,000  Ib.) None ,.   (  None 

Locomotives: 

Class None None 0-4-4-0 

Total  weight  (tons,  2,000  Ib.) None None 79 

Weight  on  drivers  (Ib.) I  None None 158,000 

Number  of  motors I  None None 4 

Type  of  motor None None 

Capacity  per  motor  (h.p.,  1-hr,  rating) None I  None 192 

Tractive  effort  of  locomotive  (Ib.,  1-hr. 

rating) None None 14,400 

Normal  speed  of  locomotive  (rated  load  on  i 

level  track,  mi.  perhr.) None None 25 

Uotor  Cart:. 

Weight  excluding  passengers  (tons) 48 — 58. 55 60 

Seating  capacity 34 — 70 88—1 16 78 

Number  of  motors i  4 4 2 

Capacity  per  motor  (h.p.,  1-hr,  rating)    . . .       100 135 170 

Trailer  Cart: 

Weight  excluding  passengers  (tons) None 33 . 5 None 

Seating  capacity I  None 116 None 
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205.16  Class  IV — Tunnel  Operation  —  Bal- 
timore &  Ohio  Railroad:  The  Baltimore  & 
Ohio  Railroad  was  the  first  road  in  America  to 
employ  electric  power  for  hauling  heavy  passenger 
and  freight  trains.  It  was  a  bold  experiment  at 
the  time  (1895),  involving  as  it  did  the  building 
of  traction  motors  of  unprecedented  power  and 
the  handling  of  heavy  electric  currents  on  the 
contact  line.  The  electrified  section,  3.7  miles  in 
length,  passes  through  the  city  of  Baltimore,  Md., 
and  forms  the  link  between  the  old  terminus  of 
the  Washington-Baltimore  line  of  the  Baltimore 
&  Ohio  Railroad  at  Camden  Station  and  the  Mt. 
Royal  Station  of  its  new  line  from  Philadelphia. 
A  portion  of  the  line,  about  1.5  miles  in  length,  is 
located  in  a  tunnel  and  a  long  grade  of  1.5  per 
cent  is  encountered  northbound  from  Mt.  Royal 
Station.  Electrification  has  not  been  extended 
beyond  the  limits  required  to  handle  traffic 
through  the  tunnel  and  to  provide  a  convenient 
point  at  which  interchange  of  motive  power  can 
be  made.  The  object  of  the  installation  was  the 
elimination  of  the  smoke  and  gases  emitted  by 
steam  locomotives  in  a  long  tunnel. 

Electric  locomotives  handle  complete  trains, 
including  steam  locomotives,  from  Camden  Sta- 
tion, in  the  southern  part  of  the  city,  through 
the  tunnel  to.  Mt.  Royal  Station  and  thence  to 
the  northern  section  of  the  city.  As  the  ruling 
grade  through  the  tunnel  is  in  but  one  direction 
the  trains  are  assisted  only  on  the  up-grade, 
the  electric  locomotives  returning  light.  Trains 
running  in  the  opposite  direction  are  allowed  to 
coast  through  the  tunnel.  All  trains,  both  pas- 
senger and  freight,  are  handled  in  this  manner. 

Direct  current  at  625  volts  was  originally 
supplied  to  the  electric  locomotives  from  a  power 
station  built  and  operated  by  the  railroad,  storage 
batteries  being  employed  to  provide  a  reserve. 
The  power  supply  is  now  supplemented  by 
current  furnished  under  contract  by  a  power 
company.  The  working  conductor  was  originally 
an  overhead  steel  "Z"  bar.  This  was  found  to 
corrode  rapidly  through  the  action  of  discharges 
from  steam  locomotives  and  was  also  found  to 
be  too  rigid  for  the  successful  collection  of  the 
current.  This  form  of  conductor  was  therefore 
abandoned  and  replaced  by  a  third  rail  installed 
near  the  track.  The  construction  and  operating 
costs  are  regarded  as  being  high. 


General  statistics  of  this  electrification  are  as 
follows: 

DATE  OF  INITIAL  ELECTRIC  OPERATION,  1895 
MILEAGE 

Total  route  miles,  main  line 3.7 

Total  track  miles,  main  line 7.4 

Total  miles,  yard  and  siding i.o 

Total  miles  of  electrically  equipped  track      .  8.4 

TRAIN   SERVICE 

Passenger,  through Locomotives 

Passenger,  local Locomotives 

Freight Locomotives 

AVERAGE   NUMBER   OF  CARS   PER   TRAIN 

Passenger,  total 6 

AVERAGE   NUMBER  OF   TRAINS   DAILY    (EASTBOUND  ONLY) 

Passenger,  through 13 

Passenger,  local        6 

Freight 12 

ELECTRIC   TRAIN   EQUIPMENT 

Passenger  and  freight  locomotives      ...  4 

Freight  locomotives 5 

TRAIN-MILES   PER  ANNUM    (FISCAL   YEAR.    1 912) 

Passenger 19,302 

Freight 45,166 

CAR-MILES    PER    ANNUM    (FISCAL   YEAR,    IQIZ) 

Passenger 115,812 

TRACTION   POWER   REQUIREMENTS    (1913) 

Maximum  one-hour  load,  kw 1,043 

Total  power  per  annum,  kw-hr 6,177,915 

The  accompanying  map,  fig.  455,  shows  the 
location  of  the  electrified  line  of  the  Balti- 
more &  Ohio  Railroad  running  under  the  city 
of  Baltimore. 


FIG.  455.    ELECTRIFIED  LINE  OF  THE  BALTI- 
MORE &  OHIO  RAILROAD— BALTIMORE  TUNNEL 
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205.17  Class  IV — Tunnel  Operation  —  Grand 
Trunk  Railway:  The  Detroit  and  Chicago  ex- 
tension of  the  Grand  Trunk  Railway  passes  under 
the  St.  Clair  River  through  a  tunnel  from  Sarnia, 
Ont.,  to  Port  Huron,  Mich.  The  length  of 
this  tunnel  from  portal  to  portal  is  about  1.25 
miles,  and  the  total  length  of  the  tunnel  and 


t.Clair  Tunnel  a-T-Kr- 


FIG.  456.    ELECTRIFIED  LINE  OF  THE  GRAND  TRUNK  RAILWAY— 

ST.  CLAIR  TUNNEL 


open  cut  approaches  is  2.25  milrs,  all  on  2.0 
per  cent  grades  descending  toward  the  center  of 
the  tunnel.  The  tunnel  is  a  tube  containing  a 
single  track,  with  single  track  approaches.  The 
electrification  includes  the  tunnel  and  the  ap- 
proaches and  yards  at  both  ends,  making  a  total 
of  3.8  route  miles  or  12  miles  of  single  track. 

From  the  date  of  the  com- 
pletion of  the  tunnel  in  1890 
until  the  date  of  its  electrifica- 
tion in  1908,  all  traffic  was 
handled  by  specially  designed 
steam  locomotives  operating  in 
the  tunnel  section  as  an  inde- 
pendent division  of  the  road. 
The  locomotives  hauled  a  max- 
imum weight  of  760  tons  and 
were  designed  for  high  tractive 
effort  at  slow  speeds  on  the 
grades.  Under  the  limited  train 
weight  and  speed,  the  constant- 
ly increasing  traffic  necessitated 
an  increase  in  the  capacity  of 
the  tunnel.  The  gases  in  the 
tunnel  also  proved  not  only 
objectionable,  but  dangerous  in 
cases  of  trains  breaking  in  two 
or  stalling.  Electrification  was 
therefore  decided  upon  as  a 
means  of  eliminating  dangerous 
atmospheric  conditions  and  of 
increasing  the  capacity  of  the 
tunnel. 

The  tunnel  section  is  operated 
by  the  St.  Clair  Tunnel  Com- 
pany as  an  independent  division 
of  the  railroad.  The  steam 
road  locomotive  is  cut  off  at  the 
approach  yard  located  at  either 
end  of  the  tunnel  and  an  electric 
locomotive,  either  single  or 
double  unit  as  the  case  requires, 
is  used  for  hauling  the  train  over 
the  electrified  division.  Both 
passenger  and  freight  trains  are 
operated  in  this  manner.  The 
electric  locomotives  are  capable 
of  hauling  a  i,ooo-ton  train 
from  terminal  to  terminal  in  1 5 
minutes,  with  a  maximum  speed 
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not  exceeding  25  miles  an  hour  and  a  minimum 
speed,  when  ascending  the  2.0  per  cent  grades, 
of  not  less  than  10  miles  an  hour.  In  this  way 
three  freight  trains  an  hour  may  be  hauled  over 
the  division  and  in  emergencies  four  trains  may 
be  so  handled. 

The  single-phase  alternating  current  system, 
with  overhead  catenary  trolley,  is  employed.  As 
the  clearances  are  very  limited  in  the  tunnel,  it 
was  considered  advisable  to  limit  the  trolley 
voltage  to  3,300  volts.  Power  is  generated,  in  a 
steam  plant  erected  by  the  railroad  near  the 
portal  of  the  tunnel  on  the  Port  Huron  side  of 
the  river.  No  figures  covering  operating  costs 
are  accessible. 

General  statistics  of  this  electrification  follow : 

DATE  OF  INITIAL  ELECTRIC  OPERATION,  APRIL,   1908 
MILEAGE 

Total  route  miles,  main  line 3.8 

Total  track  miles,  main  line 6.5 

Total  miles,  yard  and  siding 5.5 

Total  miles  of  electrically  equipped  track      .  1 2.0 

TRAIN    SERVICE 

Passenger Locomotives 

Freight Locomotives 

AVERAGE    NUMBER   OF    TRAINS   DAILY    (BOTH   WAYS) 

Passenger 1 8 

Freight 33 

AVERAGE    NUMBER    OF   CARS    PER   TRAIN 

Passenger 6 

Freight 26 

ELECTRIC    TRAIN    EQUIPMENT 

Passenger  and  freight  locomotives       ...  3  (6  units) 

TRAIN-MILES    PER    ANNUM    (1913) 

Passenger 24,968 

Freight .  45,837 

CAR-MILES    PER    ANNUM    nil  ; 

Passenger 149,811 

Freight 1,191,769 

TRACTION    POWER    REQUIREMENTS    (l9I2> 

Maximum  one-hour  load,  kw 830 

Total  per  annum,  kw-hr 3,396,453 

The  accompanying  map,  fig.  456,  shows  the 
location  of  the  electrified  line  of  the  Grand  Trunk 
Railway  through  the  St.  Clair  Tunnel. 

205.18  Class  IV — Tunnel  Operation — Great 
Northern  Railway :  This  railroad  crosses  the 
summit  of  the  Cascade  Range  of  mountains  in 
the  state  of  Washington,  through  a  single  track 
tunnel  about  2.6  miles  long.  The  tunnel  has 
a  continuous  grade  of  1.7  per  cent  rising  to  the 


east,  with  long  approach  grade  of  2.0  per  cent 
or  more  for  about  30  miles  on  either  side  of  the 
summit.  The  road  is  operated  electrically  for  a 
distance  of  4  route  miles  or  7  track  miles,  includ- 
ing the  tunnel  and  the  yards  at  the  approaches. 

The  main  object  sought  by  this  electrification 
was  the  elimination  of  the  smoke  and  gases 
emitted  in  the  tunnel  by  steam  locomotives, 
which  made  operation  difficult  and  at  times 
dangerous.  These  conditions  made  operation 
through  the  tunnel  the  limiting  factor  in  the 
capacity  of  the  line  for  hauling  freight  across 
the  mountains. 

Traffic  consists  of  heavy  main  line  freight  and 
passenger  trains.  When  approaching  the  tunnel 
from  the  west  the  freight  trains  are  split  into 
units  of  a  maximum  weight  of  about  1,500  tons, 
including  the  weight  of  one  steam  locomotive, 
and  the  train  and  steam  locomotive  are  hauled 
through  the  tunnel  by  electric  locomotives. 
Three  electric  locomotives  are  required  for  each 
freight  train,  a  double  unit  at  the  head  and  a 
single  unit  at  the  rear.  Passenger  trains,  includ- 
ing the  steam  locomotive,  are  hauled  by  a  double 
electric  unit  at  the  head.  As  the  summit  of  the 
tunnel  is  practically  at  the  eastern  portal,  electric 
locomotives  are  not  used  for  westbound  traffic. 

While  the  electrified  section  now  includes  only 
the  tunnel  and  its  approaches,  it  was  anticipated 
that  eventually  the  entire  heavy  grade  division 
on  both  sides  would  be  operated  electrically.  An 
electric  plant  was  therefore  designed  with  this 
end  in  view.  The  three-phase  alternating  current 
system  with  track  rail  return  was  adopted,  and  its 
use  on  this  road  is  the  first  and  only  example  of 
the  application  of  the  system  in  America.  Power 
is  supplied  from  a  hydro-electric  plant  owned 
by  the  railroad,  located  near  Leaven  worth,  about 
30  miles  east  of  the  tunnel.  Power  is  generated 
as  three-phase,  25-cycle,  6, 600- volt  alternating 
current,  and  is  stepped  up  to  33,000  volts  for 
transmission  to  the  tunnel,  where  it  is  lowered 
in  pressure  to  6,600  volts  and  fed  into  double 
overhead  trolley  wires.  In  the  locomotives  the 
current  is  reduced  in  potential  to  500  volts  and 
utilized  in  four  three-phase  induction  motors 
designed  to  give  a  normal  and  constant  locomotive 
running  speed  of  15  miles  per  hour.  No  figures 
are  obtainable  as  to  operating  costs. 

General  statistics  of  this  electrification  follow: 
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double  track  tunnel  under  this  river,  connect- 
ing Windsor,  Ont.,  and  Detroit,  Mich.,  therefore 
forms  a  most  important  link  in  the  system. 
The  twin  tunnels  are  each  about  i .  5  miles  long 
from  portal  to  portal,  with  a  maximum  grade  of 
2 .  o  per  cent  against  westbound  traffic  and  i .  5 
per  cent  against  eastbound  traffic.  Open  cut 
approaches  extend  for  some  distance  beyond  the 
portals  of  the  tunnel,  giving  a  total  length  of 
2 . 43  miles  between  summits.  The  entire  electric 
zone,  including  yard  tracks,  comprises  about  20 
miles  of  single  track. 

It  had  long  been  recognized  that  the  Detroit 
River,  with  the  slow  crossing  of  train  ferries, 
especially  in  winter,  was  a  serious  detriment  to 
the  proper  development  of  traffic  in  the  territory 
served.  Many  plans  had  been  made  to  solve 
the  problem  either  by  some  type  of  bridge  or 
by  a  tunnel.  The  depth  of  the  stream,  the  swift 
current  and  the  heavy  boat  traffic  presented  se- 
rious difficulties  of  an  engineering  and  operating 
nature.  After  a  demonstration  of  the  physical 
possibilities  of  electric  traction  on  other  roads, 
it  was  decided  that  a  tunnel  offered  a  better 
solution  of  the  problem  than  a  bridge,  which 
would  require  long  and  expensive  approaches 
and  heavy  grades.  Therefore,  twin  tunnels  were 
built  and  equipped  for  electric  operation. 

As  locomotive  divisions  ter- 
minate on  either  side  of  the 
tunnel,  the  method  of  operation 
employed  for  both  freight  and 
passenger  trains  is  that  of  drop- 
ping the  steam  locomotives  and 
attaching  electric  locomotives 
which  haul  the  trains  through 
the  tunnel.  Freight  and  passen- 
ger trains,  averaging  800  tons  and 
310  tons  respectively,  are  handled 
in  this  manner.  The  time  saved, 
as  compared  with  the  old  ferry 
method,  amounts  to  15  or  20 
minutes  in  the  case  of  passenger 
trains  and  three  or  four  hours  in 
the  case  of  freight  trains. 

The  system  of  traction  involves 
the  use  of  direct  current  with 
third  rail,  and  is  similar  to  the 

FIG.  457.    ELECTRIFIED  LINEJ  OF  THE  GREAT  NORTHERN  RAILWAY   system  in  use  on  the  New  York 

CASCADE  TUNNEL  Central  &  Hudson  River  Railroad. 


DATE  OF  INITIAL  ELECTRIC  OPERATION,  JULY,   1909 
MILEAGE 

Total  route  miles,  main  line 4-° 

Total  track  miles,  main  line 4.0 

Total  miles,  yard  and  siding 3.9 

Total  miles  of  electrically  equipped  track      .  7.0 

TRAIN   SERVICE 

Passenger Locomotives 

Freight Locomotives 

AVERAGE    NUMBER    OF   CARS    PER   TRAIN 

Not  available 

AVERAGE    NUMBER   OF    TRAINS   DAILY    (EASTBOUND   ONLY) 

Passenger 4 

Freight 4 

ELECTRIC   TRAIN    EQUIPMENT 

Passenger  and  freight  locomotives      ...  4 

TRAIN-MILES    PER   ANNUM 

Not  available,  no  record  kept 

CAR-MILES   PER   ANNUM 

Not  available,  no  record  kept 

TRACTION    POWER    REQUIREMENTS    (iQIj) 

Maximum  half-hour  load,  kw 4,000 

Total  per  annum,  kw-hr 4,080,000 

The  accompanying  map,  fig.  457,  shows  the 
location  of  the  electrified  line  of  the  Great  North- 
ern Railway  through  the  Cascade  Tunnel. 

205.19  Class  IV — Tunnel  Operation — Mich- 
igan Central  Railroad:  The  Detroit  River  acts 
as  a  natural  barrier  between  two  main  divis- 
ions of  the  Michigan  Central  Railroad.  The 
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Power  is  purchased  from  the  Detroit  Edison  Com- 
pany at  4,400  volts,  three-phase,  60  cycles,  and  is 
delivered  over  two  special  cables  to  the  tunnel  com- 
pany's substation  on  the  Detroit  side  of  the  river 
near  the  tunnel  shaft.  Here  it  is  transformed  and 
converted,  and  fed  to  the  third  rail  working  con- 
ductor as  direct  current  at  650  volts.  The  sub- 
station also  contains  a  storage  battery  which 
serves  to  provide  against  periodic  fluctuations 
on  the  Edison  Company's  plant,  thus  insuring 
greater  reliability  of  service. 

General  statistics  of  this  electrification  are  as 
follows : 


itself  has  two  tracks,  and  was  built  on  a  o .  5  per 
cent  grade  from  each  end  toward  the  central 
shaft  in  order  to  provide  drainage  for  the  large 
amount  of  seepage  water.  The  electric  zone 
extends  from  North  Adams  Station  to  a  point 
about  one-quarter  mile  east  of  Hoosac  Tunnel 
Station,  a  distance  of  approximately  eight  miles. 
The  length  of  electrified  single  track,  including 
the  yards  at  North  Adams,  is  21.5  miles. 

This  is  an  example  of  tunnel  electrification 
undertaken    for    the    purpose    of    avoiding    the 
smoke  and  gases  incident   to  steam  operation. 
The  traffic  is  exceedingly  heavy  and  congestion 
DATE  OF  INITIAL  ELECTRIC  OPERATION,  JULY,  i9io  often  resulted  under  steam  operation.     The  adop- 

MILEAGE  tion  of  electric  operation,  which  has  cleared  the 

Total  route  miles,  main  line 4-5     tunnel  of  smoke,  permits  a  clear  view  of  block 

Total  track  miles,  main  line 9.0  .  .  ,         ,     ,  .       ,, 

Total  miles,  yard  and  siding u.o  signals  in  the  tunnel  and  this  allows  two  or  more 

trains  to  operate  on  each  track  in  the  tunnel  at 

Total  miles  of  electrically  equipped  track      .  20.0  .  .         .  . 

the  same  time,  thus  greatly  increasing  the  capacity 

TRAIN   SERVICE  ,   ,,   .  .  r    ..         .. 

Passenger Locomotives      of  this  portion  of  the  line. 

Freight Locomotives         Both  passenger  and  freight  trains  are  operated 

AVERAGE  NUMBER  OF  CARS  PER  TRAIN  by  coupling  the  electric  locomotive  in  front  of 

Passenger 8.3     tjie  steam  locomotive  and  hauling  train  and  loco- 

motive through  the  tunnel,  the  steam  locomotive 

AVERAGE    NUMBER   OF   TRA.NS   DAILY    (BOTH    WAYS)  j  j.     fa      ^    fa  g^  undisturbed          fa   average 

Passenger 20 

Freight    .  30  of  16  .passenger  and  45  freight  trains  daily  are 

ELECTRIC  TRAIN  EQUIPMENT  handled  in  this  manner.     The  freight  trains  aver- 

Passenger  and  freight  locomotives     ...  6  age  29  cars  and  the  passenger  trains  6  cars. 

TRAIN-MILES  PER  ANNUM  (1912)  The  system  of  traction  employs  single-phase 

Passenger 21,735  alternating  current.    This  is  supplied  to  the  loco- 

40-336  motive  from  an  overhead  trolley  supported  by 

CAR-MILES    PER   ANNUM    (lQI2)  ,  T>  •  J 

Passenger  ....  180,417  a  smSle  catenary.     Power  is  generated  at  11,000 

Freight 1,598,036  volts,  three-phase,  25  cycles,  in  a  steam  plant  lo- 

TRACTION  POWER  REQUIREMENTS  (i9i2)  cated  at  Zvlonite,  about  2.5  miles  south  of  the 

Maximum  one-hour  load,  kw. .  840  west  portai  of  the  tunnel  near  the  Hoosac  River. 

Total  per  annum,  kw-hr.  3,355,ooo  ^  .g  transmitted  ^  single.phase  Current  to   the 

The   accompanying  map,  fig.   458,  shows   the  gwitch  house  located  ftt  ^  wegt  portal 
location  of  the  electrified  line  of  the  Michigan        Qeneral  statistics  of  this  electrification  are  as 

Central  Railroad  through  the  Detroit  Tunnel.  follows- 

205.20  Class  IV  —  Tunnel  Operation  —  Boston  DATE  OF 1NITIAL  ^^^  OPERATION,  MAY,  i9i  i 

&     Maine      Railroad:     The     Hoosac      Tunnel,  MILEAGE 

which    pierces    the    Berkshire    Hills   in    western  Total  route  miles,  main  line    ....  7.97 

Massachusetts,  is  situated  on  the  main  line  of  Total  track  miles,  main  line 

,  .   ,  Total  miles,  yard  and  siding 5 . 56 

the  Boston  &  Maine  Railroad,  which  connects 

.  .  -,,  .  ,  .        Total  miles  of  electrically  equipped  track      .  21.50 

Boston  with  Albany  and  the  west.    This  tunnel  is 

nearly  five  miles  in  length  from  portal  to  portal,  TRAIN  SERV'cK 

...  T,  Passenger Locomotives 

and  is  the  longest   in  America.     Its  construe-     Freight Locomotives 

tion  covered  a  period  of  24  years  and  represented 

,  ,     ,        -  T.  AVERAGE    NUMBER   OF   CARS    PER    IHAlN 

an  outlay  of  approximately  $12,000,000.       t  was     pasaeageT 

placed  in  operation  in  February,  1875.   The  tunnel     Freight . 
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AVERAGE    NUMBER   OF   TRAINS    DAILY    (BOTH    WAYS) 

Passenger 

Freight 

ELECTRIC    TRAIN    EQUIPMENT 

Passenger  and  freight  locomotives 


16 

45 


Passenger 
Freight     . 


Passenger 
Freight 


TRAIN-MILES    PER    MONTH    (JANUARY,    1913) 


13-799 

I  1  ..'»>' 


FIG.  458.    ELECTRIFIED  LINE  OF  THE  MICHIGAN  CENTRAL  RAIL- 
ROAD—DETROIT TUNNEL 


CAR-MILES    PER    MONTH    (JANUARY, 

21,889 

327,062 
TRACTION   POWKR  RKOUIKKMENTS  PER  ANNUM   (1913) 

Maximum  one-hour  load,  kw 1, 600 

Total  per  annum,  kw-hr 6,642,160 

The  accompanying  map,  fig.  459,  shows  loca- 
tion of  the  electrified  line  of  the  Boston  &  Maine 
Railroad    through    the   Hoosac 
Tunnel. 

205.21  Class     IV  —  Tunnel 
Operation — Technical    Charac- 
teristics:    Table  CCXXIX  pre- 
M nts  a  summary  of  the  general 
and  technical  characteristics  of 
the  electrifications  of  American 
steam   roads  included  in  Class 
IV — Tunnel  Operation. 

205.22  American  Electrifica- 
tion Projects  under  Construction 
or  in  Contemplation:*     In  addi- 
tion to  the  electric  traction  in- 
stallations described,  there   are 
at  present  five  other  important 
projects  on  American  steam  rail- 
roads either  under  construction 
or   in    contemplation.      A   brief 
(U-srription    of    each    of    these, 
based  upon  such  information  as 
is  obtainable,  is  presented  in  the 
paragraphs  which  follow. 

The  Norfolk  &  Western  Rail- 
way now  has  under  construction 
a  project  for  the  electrification 
of  a  portion  of  its  main  line  ex- 
tending from  Eckman,  W.  Ya .. 
on  the  west  slope  of  the  Alle- 
ghany  Mountains,  over  the  Elk- 
horn  Summit  to  Bluefield,  W.Va., 
a  distance  of  26  miles  of  route 
and  about  90  miles  of  track. 
The  grades  are  heavy,  some 
stretches  running  as  high  as  1.5 
and  2.0 per  cent.  One  single  track 
tunnel  0.6  mile  long  on  a  1.5  per 
cent  grade  is  located  on  this  di- 
vision. The  traffic  consists  large- 
ly of  heavy  coal  trains  weighing 
as  much  as  3,250  tons,  which  arc 
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at  present  hauled  at  slow  speed  by  Mallet  locomo- 
tives, three  locomotives  being  required  to  a  train. 
Difficulties  in  ventilation  have  been  the  result  of 
operating  these  trains  through  the  tunnel  with 
steam  locomotives,  and  consequently  the  present 
capacity  of  the  line  is  not  adequate  for  the  traffic. 
It  is  contemplated  that  electrification  will  insure 
a  sufficiently  large  saving  in  operating  expense 
to  pay  interest  and  depreciation  on  the  electric 
equipment  and  leave  a  surplus  in  addition;  also, 
that  the  electric  facilities  will  be  adequate  for 
relieving  the  congestion  of  traffic.  It  will  be 
possible  under  electric  operation  to  increase  the 
speed  on  heaviest  grades  from  7.5  to  14  miles  an 
hour  and  to  handle  the  heaviest  trains  with  two 
instead  of  with  three  locomotives.  Passenger 
trains  and  fast  freight  trains  will  continue  to 
operate  with  steam  locomotives  over  the  electri- 
fied section.  Power  is  to  be  supplied  by  a  plant 
built  by  the  railroad,  and  will  be  fed  to  the  over- 
head trolley  conductors  as  alternating  current 
at  11,000  volts.  Twelve  electric  locomotives,  or 
24  semi-units,  have  been  purchased  for  this  in- 
stallation; these  semi-units  are  of  the  double- 
truck  articulated  type,  each  truck  having  two 
driving  axles  and  one  radial  axle.  The  physical 
conditions,  the  density  of  traffic  and  the  unusual 
train  make-up  on  the  line  will  produce  on  this 
road  the  heaviest  electric  traction  operation  yet 
attempted. 

The  Pennsylvania  Railroad  is  at  present  equip- 
ping for  electric  operation  the  portion  of  its 
main  line  extending  from  Broad  Street  Station, 
Philadelphia,  to  Paoli,  on  the  line  to  Harrisburg, 
a  distance  of  about  20  miles.  This  line  consists 
of  four  main  tracks,  all  of  which  are  to  be  electri- 
cally equipped.  The  purpose  of  this  electrification 
is  to  relieve  the  present  congestion  in  the  Broad 
Street  Station  which  for  several  reasons  cannot 
readily  and  quickly  be  enlarged.  This  relief,  it  is 
contemplated,  will  result  from  the  operation  of 
local  electric  multiple-unit  trains  which  will  not 
require  as  large  a  number  of  shifting  movements 
as  does  the  operation  of  steam  trains.  Through 
trains  will  continue  to  operate  over  this  electrically 
equipped  section  with  steam  locomotives.  The  sys- 
tem to  be  used  will  employ  single-phase  alternating 
current  at  1 1 ,000  volts  with  overhead  trolley  and 
single-phase  motors  on  cars.  Power  is  to  be  pur- 
chased from  the  Philadelphia  Electric  Company. 


FIG.  459.    ELECTRIFIED    LINE   OF  THE   BOSTON  & 
MAINE  RAILROAD— HOOSAC  TUNNEL 

The  Canadian  Northern  Railway  now  has  under 
construction  in  the  city  of  Montreal,  Que.,  a  new 
terminal  which  is  entered  by  means  of  a  long 
tunnel.  In  order  to  facilitate  the  operation  of 
trains  in  and  out  of  this  terminal,  it  has  been 
decided  to  equip  for  electric  operation  about  ten 
miles  of  double  track  running  from  the  .terminal 
to  the  Cartierville  freight  yards  located  beyond 
the  town  of  Mt.  Royal.  Interchange  of  motive 
power  is  to  be  made  at  the  Cartierville  yards. 
It  is  understood  that  the  power  for  this  operation 
will  be  purchased  and  that  the  system  of  traction 
is  to  be  direct  current  at  2,400  volts  with  over- 
head trolley  wire.  Electric  locomotives  will  be 
employed  for  the  operation  of  through  trains, 
and  multiple-unit  motor  car  trains  will  be  used 
for  suburban  service.  The  locomotives  will  weigh 
80  tons  and  will  be  equipped  with  two  4- wheel 
articulated  trucks  with  four  motors  geared  to  the 
drivers  through  twin  gears. 

The  Chicago,  Milwaukee  &  St.  Paul  Railway 
proposes  to  electrify  a  portion  of  the  main  line  of 
its  Pacific  coast  extension,  embracing  a  stretch  of 
about  440  miles  across  three  mountain  ranges 
from  Harlowton,  Mont.,  to  Avery,  Idaho.  It  is 
understood  that  the  initial  work  will  include  only 
one  division,  that  over  the  Rocky  Mountains  from 
Three  Forks  to  Deer  Lodge,  Mont.,  on  which 
the  grades  are  heavy.  Power  for  electric  opera- 
tion is  to  be  purchased  from  the  Montana  Power 
Company,  which  controls  numerous  and  important 
water  power  sites.  It  is  anticipated  that  electric 
operation  will  effect  a  saving  in  the  cost  of  power 
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TABLE  CCXXIX.     SUMMARY  OF  GENERAL  AND  TECHNICAL  CHARACTERISTICS  OF  AMERICAN  STEAM  ROAD  ELECTRIFICATIONS 

CLASS  IV— TUNNEL  OPERATION 


Details 

Baltimore  &  Ohio 
Railroad 

Grand  Trunk 
Railway 

Great  Northern 
Railway 

Michigan  Central 
Railroad 

Boston  ft  Main* 
Railroad 

1 

2 

3 

4 

5 

• 

Qmeral: 

Low    tension     direct    Single-phase  altemat- 

Three-phase  alternat- 
ing currant  

Overhead  trolley  
22   ft  ,  6   in.,    above 
track 

Low    tension     direct 

Single-phase      alter- 
nating current  .  .  . 

Overhead  trolley  .  .  . 
22  ft.  above  track  .  . 

Phono-electric  0.46 
in.  equiv.  diam.  . 
Pantograph  sliding. 

11.000.  single-phase 
11.000,  lingle-puaae 

Railroad  Company. 

On*  steam-electric 
2.6  mile*  couth  of 
west  portal  tunnel 

8.000  kv-a. 

Conductor*: 

Third  rail        

Overhead  trolley  
22  ft.  above  track  .  .  . 

Copper  0.48  in.  equiv. 

Third  rail 

Over  running  

Under  running  

Special  steel  70  Ib.  per 
yd  
Cast  iron  under  con- 

Steel  75—100  Ib.  per 
yd 

<  Copper  0.46  in.  equiv. 
uiam                .  .    . 
Wheel  trolley  

Vertical  "T"  shaped 

Pantograph  sliding  .  . 
None       

yp< 

33,000.  3-phase  .  . 
6,600,  3-phase  

Railroad  Company.  . 
One  hydro-electric  .  .  . 

None 

Noi  . 

650  d.  c  

3.3OO  tingle-phase  .  .  . 
Railroad  Company  .  . 

One  steam-electric  .  .  . 
Port  Huron  

650  d.  c  

Purchased   from   De- 
troit Edison  Corn- 

Power  Generation: 

Railroad  Company  .  . 

One  steam-electric  .  .  . 
Baltimore  near  Cam- 
den  Station*  

2.5     miles     west    of 
Leavraworth  

6.OOO  kv-a.  .  . 

Detroit  

Plant  capacity  (total.  1-hr,  rating)  ... 

2..inn  kv-a.  . 

840  kw.  .  . 

2  500  kw 

5..  .                                                                  .  .     3  

None.  . 

3,000  kw.,  11,000V., 
S-phue.  25-cycle. 

Steam  turbine*  

500  kw.,  500  v.  d.c.  .  .     1.250  kw.,  3.300  v..  3- 
pha*e,  25-cycle  

2.UUO  kw.,  6,600  T.,  3- 
phase,  25-cycle  .... 

Hydraulic  turbine*  .  . 

A.C.  at  4.400  v.  .  .  . 

None 

13                i                    

Nona     

Water-tube  .  .  . 

Water-tube  
400  b.h.p..          .... 

None  
NOD*  

Water-tube 

250  b.hp       

500  b.h.p 

Transmission: 
Feeders  (circuit  miles)  — 

None 

None 

64 

Vnnji 

4  Hi. 

Underground  (insulated  cable)  .... 

None 

\    .  , 

None    

\  .... 

3-pha*e.  25-cycle  3-phase.  60-cycle  Single-phase,  25-cy- 
33  000  a.  C      4.4DO  a.  n.     .                         fit  1  1  OOO  •    n 

Voltage 

NOB* 

Subxtationa: 

None       

One  static  

One   motor-generator 

\  ..•  . 

Non*  .  . 

Stan 

-. 

Nnn. 

3,000  kw.      .   . 

\   •  . 

2.550  kw.   . 

2.000  kw.                             Nan* 

Sise  of  rotary  converter  units  

1,000  kw  
1,100  kv-a. 

NOB*  
None 

rfone  
850  kv-a 

1,000-kw.    (motor- 
v  Mi  tics 

Non*  

None 

Non* 

Rotting  Stock: 
Locomotives  or  motor  cars  used  

I    '  '•    i  'MM  >t  1  '>  »    - 

4  combined  pas*,  and 
frt.;  5  frt  

6  combined  pus.  and 
frt  

nmbinrd  naas  and 

6  combined  pass,  and 
frt  .777.... 

5  rorot)iD0d  p*us  and 
frt  

Trait  weight  (average)  excluding  loco- 

frt             ^^ 

466    ton*     combined 
pass,  and  frt.,  1,570 

1,000   tons,   freight.: 
150-600    tons,  pas- 

-•  •'.:•  • 

0-6-O 

1,500    tons,  freight.*] 
675  tons,  passenger 

0-4-4-0 

800  tons,  freight,  310 
ton*,  n*s*»ing»r  .  .  . 

0-4-4-0  

1,600  tou,    freight, 
500  ton*,  passenger 

2-4-4-2  

Locomotirts: 

0-4-1-0    (combined 
pass,  and  frt.)  
0-4-4-0    (combined 
pass,  and  frt.)  
0-8-0  (freight)  
100  (combined  pass, 
and  frt  ) 

Total  weight  (tons,  2,000  Ib.)  

65  75  

115     

100  

180  

Weight  on  drivers  (Ib.)  

131  500 

230,000  

4 

200.000  
4  

192,000 

00  (combined  paas. 
and  frt.)      . 

80  (freight)  

200.000  (combined 
pass,  and  frt.)  
180,000  (combined 
pass,  and  frt.)  .... 
160,000  (freight)  
4  

3 

4  

Double  geared  to  axle 
475  

46000 

Geared  to  axle 

Geared  to  quill  spring 

Capacity  per  motor  (h.p.,  1-hr,  rating) 
Tractive  effort  of  locomotive  (Ib.  ,1-hr. 

275  (combined   pass, 
and  frt.)  .  . 

225  
19  000 

..280  
35000 

375  

275  (combined   paas. 
and  frt.  )  . 

200  (freight)  

26,000     (combined 
paas.  and  frt.)  .... 
35.000  (freight)  

351.. 
10»*  

Normal  speed  of  locomotive  (full  load 
on  level  track),  mi.  per  hr  

85  

15  

35  

30  

*  Power  partly  purchased  and  delivered  through  3.ooo-kw.  rotary  converter 
substation. 

t3-So  ton  or  2-100  ton  units  for  freight;  weight  excluding  trailing  steam 
locomotive. 

|  Combined  passenger  and  freight  locomotives. 


••  Freight  locomotives. 
1  Requires  two  locomotives  for  freight. 

1  Require*  three  locomotive*  for  freight  trains  and  two   locomotive*   for 
passenger  train*. 


THE  ELECTRIFICATION  OF  STEAM  RAILROADS 


655 


and  an  increase  in  speed  and  track  capacity  on  the 
heavy  mountain  grades.  In  the  initial  electrifica- 
tion both  freight  and  passenger  trains  are  to  be 
operated  by  electric  locomotives.  Freight  trains 
are  to  have  a  maximum  trailing  load  of  2,500  tons 
and  will  be  operated  at  a  speed  of  about  15  miles 
an  hour  against  2.0  per  cent  grades.  Passenger 
trains  are  to  have  a  maximum  trailing  load  of  800 
tons  and  will  be  operated  at  a  speed  of  about  24 
miles  an  hour  against  2.0  per  cent  grades.  Esti- 
mates are  based  upon  a  total  daily  freight  traffic 
of  20,000  tons  and  a  passenger  traffic  of  six 
trains.  It  is  understood  that  the  electric  system 
will  employ  direct  current  at  3,000  volts  with  an 
overhead  catenary  trolley  wire.  Work  upon  this 
installation  was  begun  in  the  summer  of  1914. 

ENGLISH  RAILROAD  ELECTRIFICATIONS 

205.23  Character  of  Electrifications  in  Eng- 
land: There  are  a  number  of  instances  of  elec- 
tric traction  on  English  trunk  line  railroads. 
In  all  cases  the  installation  involves  a  limited 
length  of  line  and  the  operation  includes  suburban 
passenger  service  only.  No  through  passenger  or 
long  distance  freight  trains  are  electrically  oper- 
ated. In  a  few  instances,  a  limited  amount  of 
local  freight  traffic  is  conducted  electrically. 

The  initial  electric  installation  in  England  was 
completed  in  1903  on  the  Mersey  Tunnel  Railway 
at  Liverpool.  During  the  following  five  or  six 
years  other  installations  were  made  on  four  of  the 
trunk  line  railroads.  In  1909  a  portion  of  the  im- 
portant suburban  electrification  on  the  London, 
Brighton  &  South  Coast  Railway  was  completed, 
and  extensions  were  made  in  the  two  succeeding 
years.  During  1913  three  projects  for  the  elec- 
trification of  suburban  lines  of  important  trunk 
railroads  in  and  around  London  were  inaugurated. 
These  installations,  when  completed,  will  form 
the  greatest  extent  of  electrified  trackage  in  Eng- 
land. They  have  been  undertaken  in  order  to 
relieve  congestion  in  the  terminal  stations  by  the 
substitution  of  motor  cars  for  locomotive  trains, 
and  in  some  cases  to  relieve  the  main  lines  in  the 
city  of  a  portion  of  the  heavy  suburban  traffic 
by  forming  connections  in  the  suburbs  with  the 
underground  railroad  lines.  Since  the  under- 
ground railroads  will  provide  service  reaching  all 
central  parts  of  London,  the  trunk  railroads  ex- 


pect incidentally  to  recover  aT considerable  short 
haul  suburban  business  which  of  late  years  has 
been  diverted  to  the  tram  lines  and  motor  busses. 
As  these  electrified  trunk  railroad  services  will 
operate  over  existing  underground  electric  lines, 
the  rolling  equipment  adopted  has  been  made 
interchangeable  with  that  of  the  city  lines.  The 
traction  systems  will  also  be  the  same  as  those 
employed  by  the  city  lines. 

205.24  Class  A  —  Trunk  Line  Railroads 

North  Eastern  Railway:  The  electrified  portion 
of  the  North  Eastern  Railway  consists  of  a  net- 
work of  lines  extending  out  from  Newcastle-on- 
Tyne.  Newcastle  is  situated  on  the  north  bank  of 
the  River  Tyne,  about  eight  miles  from  the  mouth 
of  the  river.  The  territory  on  both  sides  of  the 
river  from  the  city  to  the  sea  is  occupied  by  a 
succession  of  ship-building  yards  and  industrial 
plants  and  has  a  large  population.  Situated 
on  the  north  side  of  the  river  are  Tynemouth 
and  Whitley  Bay,  which  are  extensive  residen- 
tial districts  and  holiday  resorts.  The  passenger 
traffic  between  Newcastle  and  the  coast  is  there- 
fore large  and  a  considerable  portion  of  it  is 
constant  at  all  seasons  of  the  year.  During  the 
holiday  periods  the  traffic  is  augmented  for  short 
periods  and  often  amounts  to  more  than  100,000 
passengers  daily. 

The  electrification  of  this  line  was  one  of  the 
earliest  in  England,  and  was  undertaken  largely 
as  an  experiment  to  determine  the  economic 
possibilities  of  electric  traction  and  to  retain,  by 
means  of  a  more  frequent  and  rapid  train  service, 
the  passenger  traffic  which  was  being  diverted 
to  the  growing  system  of  electric  tramways  in 
the  territory  served. 

Passenger  service  is  conducted  by  multiple-unit 
trains  composed  of  motor  and  trailer  cars.  During 
rush  hours  these  trains  are  dispatched  at  short 
intervals.  The  cars  are  new  and  of  the  American, 
or  open  corridor,  type,  with  a  seating  capacity 
of  60  passengers  per  car.  A  certain  amount  of 
freight  traffic  is  handled  electrically  by  s6-ton 
locomotives  and  motor  baggage  cars,  but  this 
electric  freight  service  is  not  extensive.  The 
motor  baggage  cars  handle  express  matter  on  the 
main  electrified  section,  while  the  locomotives  are 
engaged  principally  in  shifting  freight  on  the 
Quayside  Branch  to  Manors  Station  up  a  tunnel 
grade  of  3.7  per  cent.  On  the  other  electrified 
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lines  of  the  railroad  freight  is  still  handled  by 
steam  locomotives. 

At  the  time  the  electrification  was  undertaken 
the  only  system  which  had  been  developed  for 
practical  operation  was  the  direct  current  third 
rail  electric  system,  which  was  therefore  adopt- 
ed for  this  line.  Power  is  purchased  from  the 
Newcastle-on-Tyne  Electric  Supply  Company,  in 
the  form  of  three-phase  alternating  current  at 
5,500  volts,  and  is  transmitted  to  substations 
along  the  line,  where  it  is  converted  into  6oo-volt 
direct  current  for  distribution  to  the  third  rail. 
Motor  cars  are  equipped  with  two  motors,  each 
of  i  so-horse-power  nominal  rating,  and  are  oper- 
ated in  trains  with  trailer  cars.  Freight  loco- 
motives are  of  the  double-truck  type  and  are 
equipped  with  four  motors,  each  of  loo-horse- 
power  capacity. 

General  statistics  of  this  electrification  are  as 
follows : 


DATE    OF    INITIAL    ELECTRIC    OPERATION,    JULY,    1904 
MILEAGE 


Total  route  miles 
Total  track  miles 


29  5 
75  o 


TRAIN    SERVICE 

Passenger Motor  cars 

Freight  (shifting) Locomotives 


ELECTRIC    TRAIN    EQUIPMENT 

Freight  locomotives 

Motor  cars          

Trailer  cars 


65 
44 


The  accompanying  map,  fig.  460,  shows  the 
location  of  the  electrified  lines  of  the  North 
Eastern  Railway. 


FIG.  460.    ELECTRIFIED  LINES  OF  THE 
NORTH  EASTERN  RAILWAY 

205.25     Class    A— Trunk    Line    Railroads  — 
Lancashire  &  Yorkshire  Railway:  The  electrified 


portion  of  the  Lancashire  &  Yorkshire  Railway 
consists  of  two  suburban  branch  lines,  one  extend- 
ing from  Liverpool  to  Crossens  through  South- 
port,  and  the  other  from  Liverpool  to  Ormskirk 
through  Aintree.  Connection  is  made  with  the 
Liverpool  Overhead  Railway  at  Seaforth  to  pro- 
vide for  continuous  service  into  Liverpool.  The 
Southport  Branch,  which  is  18.5  miles  in  length, 
runs  along  the  sea  coast  through  a  residential 
district,  and  for  a  distance  of  about  4 . 5  miles  out 
of  Liverpool  it  parallels  an  extensive  system  of 
docks  near  which  are  located  several  large  freight 
stations.  The  Southport  Branch  was  electrified 
in  1904,  and  in  1906,  when  the  Aintree  Branch 
was  opened,  arrangements  were  made  with  the 
Liverpool  Overhead  Railway  for  the  operation 
of  through  trains  from  Dingle  to  Crossens  and 
Aintree.  On  this  latter  extension  a  large  passen- 
ger business  is  handled  in  connection  with  tin 
annual  race  meets. 

The  purpose  of  this  electrification  was  to  pro- 
vide a  service  which  would  meet  the  competition 
of  the  electric  tramways  and  relieve  congestion 
due  to  the  switching  movements  of  the  steam 
locomotives  at  the  terminals.  It  was  believed 
that  by  operating  a  more  frequent  service  and 
by  furnishing  a  more  rapid  schedule,  the  traffic 
which  had  been  lost  to  the  tramways  could  be 
regained,  and  that  by  the  use  of  motor  car  trains 
the  congestion  at  the  terminal  station  could  be 
relieved.  The  electrification  has  resulted  in  an 
increase  of  local  traffic  at  Liverpool.  The  number 
of  trains  now  operated  is  double  that  previously 
handled  in  steam  service.  All  this  has  been 
attained  without  any  increase  in  the  terminal 
station  trackage. 

The  freight  traffic  is  still  handled  by  steam 
locomotives  but  passenger  service  is  entirely 
electric.  The  speed  of  the  electric  express  trains 
is  the  same  as  that  which  was  maintained  during 
steam  operation,  44.5  miles  an  hour,  but  the 
speed  of  local  trains  has  been  increased  under 
electric  operation  from  20  to  30  miles  per  hour 
including  stops,  thereby  providing  one  of  the 
most  rapid  suburban  services  in  the  world. 
The  trains  are  operated  on  the  multiple-unit 
plan  with  motor  and  trailer  cars.  The  cars 
are  of  the  open  corridor  type.  Trains  are  nor- 
mally composed  of  from  three  to  five  cars,  of 
which  two  are  motor  cars. 
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The  system  adopted  in  this  early  example  of 
electrification  employs  direct  current  at  600  volts 
with  third  rail  conductor  and  fourth  rail  return. 
Power  is  generated  in  a  steam  power  plant  at 
Formby,  owned  and  operated  by  the  railroad, 
as  three-phase,  25-cycle,  alternating  current  at 
7,500  volts  and  is  transmitted  to  six  substations 
along  the  line.  The  current  is  transformed  and 
converted  by  rotary  converters  into  direct  current 
at  the  proper  voltage  and  fed  into  the  conductor 
rails.  It  was  found  that  the  nature  of  the  traffic 
caused  heavy  fluctuations  in  the  power  require- 
ments, and  to  overcome  this  factor  buffer  battery 
plants  were  installed  along  the  line  and  in  some 
of  the  substations. 

General  characteristics  of  this  electrification  are : 

DATE   OF   INITIAL    ELECTRIC   OPERATION 

Liverpool  (Exchange  Station)  to  Crossens     .  March,  1904 
Liverpool  (Dingle)  to  Crossens  via  Liverpool 

Overhead  Railway Jan.,  1906 

Seaforth  and  Bankhall  to  Aintrce       .      .     .  Oct.,  1906 

Aintree  to  Maghull Oct.,  1906 

Maghull  to  Town  Green March,  1911 

Town  Green  to  Ormskirk May,  1913 

MILEAGE 

Total  route  miles 37 . 25 

Total  track  miles 91.00 

TRAIN    SERVICE 

Passenger Motor  cars 

AVERAGE    NUMBER    OF   CARS    PER   TRAIN 

Passenger 3-96 

AVERAGE    NUMBER   OF   TRAINS   DAILY    (BOTH   WAYS) 

Passenger 440 

ELECTRIC   TRAIN    EQUIPMENT 

Motor  cars 70 

Trailer  cars 84 

TRAIN-MILES    PER   ANNUM    (1913) 

Passenger 1,730,000 

CAR-MILES    PER    ANNUM    (1913) 

Passenger 6,854,000 

TRACTION    POWER    REQUIREMENTS    (1913) 

Maximum  load,  kw 7,000 

Total  per  annum,  kw-hr 28,000,000 

The  accompanying  map,  fig.  461,  shows  the 
location  of  the  electrified  lines  of  the  Lancashire 
&  Yorkshire  Railway. 

205.26  Class  A — Trunk  Line  Railroads — 
Great  Western  Railway:  The  Great  Western 
Railway  is  one  of  the  important  trunk  line  sys- 
tems in  the  south  and  west  of  England.  It  serves 
principally  points  on  the  Bristol  Channel  and  in 
all  parts  of  Devon  and  Cornwall.  Its  main  ter- 
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FIG.    461.      ELECTRIFIED  LINES  OF  THE  LAN- 
CASHIRE &  YORKSHIRE  RAILWAY 

minus  is  at  Paddington  Station,  London,  but  it 
also  has  trackage  rights  over  a  portion  of  the 
Inner  Circle  Railway  from  Bishops  Road  to  Aid- 
gate.  The  Hammersmith  &  City  Railway,  which 
is  jointly  owned  by  the  Great  Western  and  the 
Metropolitan  Companies,  connects  with  the  main 
line  of  the  Great  Western  at  Westbourne  Park 
Station.  The  electrified  portion  of  the  Great 
Western  Railway  comprises  only  the  short  stretch 
of  its  main  line  between  Bishops  Road  and  West- 
bourne  Park,  1.75  miles.  This,  with  the  jointly 
owned  Hammersmith  &  City  Railway  from  West- 
bourne  Park  to  Hammersmith,  provides  4 .  i  miles 
of  electrified  route.  No  extensions  of  main  line 
electrification  are  in  contemplation,  but  in  con- 
nection with  one  of  the  latest  extensions  of  the 
city  subway  and  tube  railroads,  it  is  proposed 
that  the  Great  Western  Railway  equip  for  electric 
operation  a  short  stretch  of  track  from  Wood 
Lane  to  Baling,  over  which  trains  are  to  be  op- 
erated by  the  Central  London  Railway.  Electric 
current  for  the  operation  of  this  line  is  to  be  sup- 
plied by  the  Great  Western  Railway.  Any  Great 
Western  trains,  however,  which  may  be  operated 
over  the  line  will,  under  the  present  plan,  be 
operated  by  steam  as  heretofore. 

The  electrification  of  the  Great  Western  Rail- 
way line  from  Bishops  Road  to  Westbourne  Park 
was  incidental  to  that  of  the  Hammersmith  & 
City  Railway  lines,  and  was  required  shortly 
after  the  electrification  of  the  Metropolitan 
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Railway  to  provide  for  operation  of  local  service 
through  a  city  tunnel  line. 

The  Metropolitan  Railway  Act  of  1898,  by 
which  electrification  of  the  Metropolitan  lines 
was  authorized,  stated  that  it  was  expedient  to 
provide  for  an  improvement  in  the  ventilation 
of  the  railroad.  The  Metropolitan  Railway  is 
one  of  the  city  subway  lines  operating  over  the 
Inner  Circle  and  over  lines  extending  to  suburban 
points.  There  is  no  doubt  that  the  conversion 
of  this  railroad  from  steam  to  electric  operation 
had  become  a  public  necessity,  owing  to  the  smoke 
and  fumes  in  the  tunnel.  Since  the  trains  on  the 
Hammersmith  &  City  Railway  operate  over  the 
line  of  the  Metropolitan  Railway,  it  was  suggested 
by  the  latter  road  and  concurred  in  by  the  Great 
Western  that  the  Hammersmith  &  City  Railway 
be  adapted  for  operation  by  electric  power  con- 
currently with  the  adoption  of  electric  operation 
on  the  Inner  Circle  Railway,  thus  making  it 
possible  to  handle  continuous  passenger  traffic 
over  the  two  railroads  forming  the  through  route 
to  the  city.  It  was  thought  also  that  this  plan 
might  be  the  means  of  revivifying  the  Hammer- 
smith &  City  Railway  line.  The  electrification 
of  the  Hammersmith  &  City  Railway  was  ac- 
cordingly authorized  by  the  Metropolitan  Rail- 
way Act  of  1902,  and  electric  operation  began 


in  November,  1906.  The  electrification  of  the 
Great  Western  from  Bishops  Road  to  Westbourne 
Park  followed  that  of  the  Hammersmith  &  City 
Railway. 

Electric  operation  by  motor  car  trains  embraces 
a  joint  suburban  passenger  service.  The  motor 
cars  are  of  the  corridor  type  and  are  operated  on 
the  usual  multiple-unit  plan. 

The  600- volt,  direct  current,  third  rail  system 
is  employed.  Power  is  generated  in  the  power 
station  of  the  Great  Western  Railway  at  Park 
Royal,  as  three-phase  alternating  current  at 
6,600  volts  and  is  transmitted  to  three  substa- 
tions along  the  line.  The  current  is  converted  by 
motor-generator  sets.  The  tracks  are  equipped 
with  a  negative  or  "return"  rail  placed  between 
the  track  rails.  This  return  rail  is  employed  by 
nearly  all  the  London  railroads  operated  by  the 
direct  current  system  and  is  intended  to  dis- 
pose of  stray  currents  which  find  their  way  into 
the  earth  where  the  track  rails  are  used  for 
the  return  circuit. 

The  technical  results  of  this  electrification 
have  been  satisfactory,  but  owing  to  the  limited 
business  on  this  line,  the  financial  results  of  the 
undertaking  have  been  disappointing. 

General  statistics  of  this  electrification  are  as 
follows: 


DATE  OF  INITIAL  ELECTRIC  OPERATION,   NOV.,    1906 
MILEAGE 

Total  route  miles 4.1 

Total  track  miles 9.6 

TRAIN   SERVICE 

Passenger Motor  can 

AVERAGE   NUMBER   OF   CARS   PER   TRAIN 

Passenger 4.08 

AVERAGE  NUMBER  OF  TRAINS  DAILY    (BOTH  WAYS) 

Passenger 560 


ELECTRIC  TRAIN    EQUIPMENT 


Motor  cars 
Trailer  cars 


40 
80 


FIG.  462.     ELECTRIFIED   LINES  OF  THE    GREAT 
WESTERN    RAILWAY 


TRAIN-MILES   PER   ANNUM    (1913) 

Passenger 619,400 

CAR-MILES   PER  ANNUM    (1913) 

Passenger 2,528,000 

TRACTION   POWER   REQUIREMENTS    (1913) 

Maximum  load,  kw 4,000 

Total  per  year,  kw-hr 8,000,000 

The  accompanying  map,  fig.  462,  shows 
the  location  of  the  electrified  lines  of  the 
Great  Western  Railway. 
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205.27  Class  A — Trunk  Line  Railroads  — 
Midland  Railway:  The  electrified  section  of  the 
Midland  Railway  consists  of  a  double  track 
branch  line  about  nine  miles  long,  known  as  the 
Heysham-Lancaster  line.  This  line  conducts  a 
heavy  local  passenger  traffic  between  Lancaster 
and  the  seashore  at  Heysham  and  Morecambe. 
Connection  is  made  in  Lancaster  between  the 
Midland  Railway  at  Green  Ayre  Station  and  the 
London  &  Northwestern  Railway  at  Castle  Sta- 
tion, by  electric  shuttle  service. 

The  electrification  was  largely  of  an  experi- 
mental character,  its  purpose  being  to  determine 
the  proper  system  for  future  electrification  of  the 
main  line  and  to  assist  in  relieving  terminal  con- 
gestion. The  choice  of  this  section  of  the  road 
for  the  experiment  was  based  on  the  fact  that 
there  existed  at  Heysham  a  power  station  which 
could  be  enlarged  at  small  cost  to  accommodate 
the  generating  machinery,  and  also  on  the  cir- 
cumstance that  summer  traffic  was  very  heavy 
and  the  terminal  was  often  congested  because  of 
the  slow  average  speed  of  the  steam  trains  and 
the  difficulty  of  switching  steam  locomotives. 

The  electric  operation  includes  passenger  traffic 
only.  Motor  car  trains  are  used  and  about  80 
trains  per  day  are  operated  over  different  por- 
tions of  the  line.  The  cars  are  of  the  open  cor- 
ridor type,  seating  72  passengers  each. 

This  was  the  first  example  of  the  use  of  single- 
phase  alternating  current  traction  in  England. 
Power  is  generated  as  direct  current  at  460  volts 
in  a  steam  power  plant  located  at  Heysham  and 
owned  by  the  railroad.  It  is  converted  by  means 
of  motor-generator  sets  into  single-phase  alter- 
nating current  at  6,600  volts  and  fed  into  the 
overhead  working  conductor.  The  trains  are 
light,  consisting  usually  of  one  motor  car  and 
two  trailers.  Each  motor  car  is  equipped  with 
two  single-phase  motors  of  either  150  or  210 
horse-power  capacity.  The  operation  of  this 
experimental  line  has  been  carefully  observed. 
Both  operating  and  maintenance  results  are 
regarded  as  satisfactory. 

General  statistics  of  this  electrification  are  as 
follows: 

DATE  OF   INITIAL    ELECTRIC  OPERATION,   APRIL,    1908 
MILEAGE 


Motor  cars 
Trailer  cars 


TRAIN    SERVICE 

Passenger Motor  car* 

AVBRACB    NUMBER   OF  CARS   PER   TRAIN 

Passenger 2-44 

AVERAGE   NUMBER   OF   TRAINS  DAILY    (BOTH    WAYS) 

Passenger '.  go 

ELECTRIC   TRAIN    EQUIPMENT 

3 

6 

TRAIN-MILES    PER    ANNUM    (1913) 

Passenger 92,740 

CAR-MILES   PER    ANNUM    (1913) 

Passenger 226,680 

TRACTION    POWER    REQUIREMENTS    (1913) 

Maximum  load,  kw.  (approximate)    .     .     .  300 

Total  per  year,  kw-hr .100,000 

The  accompanying  map,  fig.  463, shows  the  loca- 
tion of  the  electrified  lines  of  the  Midland  Railway. 


Total  route  miles 
Total  track  miles 


9- »5 
19.40 


FIG.  463.    ELECTRIFIED  LINES  OF  THE 
MIDLAND  RAILWAY 

205.28    Class    A — Trunk    Line    Railroads  — 
London,  Brighton  &  South  Coast  Railway:   The 

London,  Brighton  &  South  Coast  Railway  is  one 
of  the  more  important  of  the  shorter  railroad 
systems  of  England.  It  serves  a  densely  popu- 
lated territory  lying  south  and  east  of  London 
and  extends  to  cities  on  the  English  Channel. 
This  road,  with  a  total  of  454  miles,  does  a 
gross  business  of  $17,600,000  per  year,  of  which 
$12,840,000  is  revenue  from  passenger  traffic. 
The  lines  form  a  compact  network,  and  almost 
the  entire  system  lies  within  the  suburban  areas 
of  the  large  cities  or  towns.  The  main  line  from 
London  to  Brighton  and  Eastbourne  is  66  miles 
in  length  and  has  a  traffic  of  over  60  passenger 
trains  daily  in  each  direction.  For  a  distance  of 
20  miles  out  of  London  the  commuter  or  suburban 
business  is  very  heavy.  The  excursion  business 
conducted  at  the  Brighton  end  of  the  line  is  also 
heavy.  The  number  of  passengers  for  1 9 1 3 ,  includ- 
ing those  using  season  tickets,  was  over  20,000,000. 
In  1905  the  company  determined  to  electrify  for 
local  traffic  a  short  line  called  the  "South  London 
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Elevated,"  which  forms  a  loop  between  two  of 
the  main  stations  in  London,  namely,  Victoria 
and  London  Bridge.  Contracts  were  let  in  1906, 
and  electric  operation  began  in  1909.  The  line 
is  8 . 7  miles  in  length  and  passes  through  a  dense- 
ly populated  portion  of  the  city  and  its  suburbs. 
The  satisfactory  results  of  this  operation  led  the 
company,  in  1910,  to  undertake  the  electrifica- 
tion of  a  similar  line  from  Battersea  Park  and 
Peckham  Rye  to  Crystal  Palace.  This  exten- 
sion was  opened  in  1911  and  added  13.6  route 
miles  to  the  electric  .system.  Recently,  further 
extension  of  the  electrification  was  undertaken 
to  Coulsdon  on  the  Brighton  line  and  to  Cheam 
on  the  Horsham  line,  thus  equipping  for  electric 
operation  the  entire  suburban  system  out  of 
London. 

The  purpose  of  the  electrification  was  to  relieve 
the  congestion  of  traffic  and  to  obtain  high  speed 
over  lines  with  numerous  grades.  It  was  found 
also  that  Victoria  Station  was  becoming  congested 
and  that  an  expenditure  of  $15,000,000  or  more 
would  be  necessary  to  provide  additional  terminal 
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FIG.  464.    ELECTRIFIED  LINES  OF  THE  LONDON 
BRIGHTON  &  SOUTH  COAST  RAILWAY 


facilities  through  physical  enlargement.  It  was 
considered  wise,  therefore,  to  expend  money  upon 
electrification  rather  than  upon  physical  enlarge- 
ment, especially  since  electrification  promised  to 
increase  the  traffic.  Another  reason  which  led  to 
electrification  was  the  fact  that  a  large  decrease 
in  suburban  traffic  over  the  steam  road  was 
resulting  from  improvements  in  service  out  of 
London,  such  as  the  electrification  of  tramways, 
the  use  of  motor  busses  and  the  electrification  of 
underground  railroads,  and  it  was  foreseen  that 
this  class  of  competition  would  increase.  In  the 
year  1902,  before  the  opening  of  the  London 
County  Council  tramways,  1,213,281  tickets  were 
sold  at  one  station  (Peckham  Rye),  while  in  the 
year  1909  the  sales  at  this  station  fell  to  526,373 
tickets.  The  total  number  of  passengers  carried 
in  1902  was  nearly  8,000,000,  while  in  1909  the 
number  had  decreased  to  less  than  4,000,000. 

Under  electric  operation  the  average  speed  on 
the  South  Side  line  has  been  increased  from  15 
to  22  miles  an  hour,  and  the  number  of  trains 
handled  at  Victoria  Station  has  been  increased 
from  456  to  739  a  day.  At  the  London  Bridge 
Station  the  number  of  trains  has  been  increased 
from  613  to  901  a  day.  To  further  attract  busi- 
ness, fares  have  been  reduced,  and  the  combina- 
tion of  fast  service  and  low  fares  has  resulted  in 
the  recovery  of  the  business  which  had  been  lost 
as  a  result  of  electric  tram  competition.  The 
railroad  reports  that  both  financial  and  technical 
results  of  this  suburban  electrification  have  been 
satisfactory,  and  the  decision  has  been  made  to 
extend  the  electrification  to  handle  the  entire 
suburban  system. 

Electric  operation  includes  passenger  service 
only.  Multiple-unit  trains  of  motor  and  trailer 
cars  are  used.  The  maximum  train  is  composed 
of  six  cars.  Each  motor  car  is  equipped  with 
four  single-phase  motors.  Single-phase  alternat- 
ing current  with  the  overhead  catenary  contact 
system  is  used.  Single-phase  current  at  6,700 
volts  is  purchased  from  the  London  Electric 
Supply  Corporation  and  is  distributed  to  the 
contact  system  at  the  same  voltage. 

The  accompanying  map,  fig.  464,  shows  the 
location  of  the  electrified  lines  of  the  London, 
Brighton  &  South  Coast  Railway. 

General  statistics  of  this  electrification  are  as 
follows : 
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DATE  OF   INITIAL   ELECTRIC  OH  HA  I  H  'S 

Victoria  .to  London  Bridge Dec.,  1909 

liattrrsra  Park  to  Selhurst May,  1911 

Pi •<  ktiam  Rye  to  Tulse  Hill May,  I'd-' 

MILEAGE 

Total  route  miles 22.3 

Total  track  miles 70.7 

TRAIN    SERVICE 

Passenger Motor  ears 

AVERAGE    NUMBER    OF   CARS    PER    TRAIN 

Passenger 4.25 

AVERAGE    NUMBER    OF    TRAINS   DAILY    (BOTH    WAYS)  * 

Passenger  —  Victoria  Station 739 

Passenger  —  London  Bridge  Station   .      .      .  901 


ELECTRIC   TRAIN    EQUIPMENT 

Motor  cars 

Trailer  cars    . 


50 
82 


TRAIN-MILES    PER    ANNUM    (1913) 

Passenger 1,409,000 

CAR-MILES    PER   ANNUM    (1913) 

Passenger 5,980,000 

TRACTION    POWER    REQUIREMENTS    (1913) 

Maximum  load,  kw 7,500 

Total  per  annum,  kw-hr 17,400,000! 

205.29  Class  A — Trunk  Line  Railroads — Tech- 
nical Characteristics:    Table  CCXXX  presents  a 
summary  of  the  general  and  technical  character- 
istics of  electrifications  of  English  steam  roads  in- 
cluded in  Class  A — Trunk  Line  Railroads. 

205.30  Class  B — Secondary  Railroads — Mer- 
sey Railway:    The  wide  estuary  of  the   River 
Mersey    separates    the    city    of    Liverpool    from 
Birkenhead  and  the  Cheshire  peninsula  lying  to 
the  west.     The  feasibility  of  building  a  tunnel 
under  the  Mersey  to  provide  rail  communication 
between  the  populous  districts  on  the  river  banks 
had  long  been  discussed  and  the  work  was  finally 
undertaken  in  the  year  1879.     The  tunnel  rail- 
road was  opened  for  traffic  in   1886.     Later  it 
was  extended  in  both  Liverpool  and  Birkenhead 
and  brought  into  direct  connection  with  the  long 
distance  main  lines  terminating  in  these  cities. 
At  the  time  of  this  tunnel  construction  electric 
traction  was  unknown  and  the  tunnel  was  accord- 
ingly made  of  large  size,  26  feet  wide  and  19  feet 
high,  for  the  accommodation  of  steam  locomotive 
trains  on  a  double  track  railroad.     In  order  to 
maintain  proper  ventilation  a  smaller  auxiliary 
tunnel  was  driven  parallel  to  the  river  tunnel 
and  an  elaborate  ventilating  system  with  exhaust 

*  Includes   a   large    number   of   shuttle  trains  on  the  South  London   line 
between  Victoria  and  London  Bridge, 
t  Includes  electric  power  for  repair  shops. 


fans  was  installed.  To  provide  adequate  drain- 
age for  the  main  tunnel,  a  tunnel  was  constructed 
to  drain  the  rock  outside  the  main  tunnel  and  to 
handle  the  seepage  water  within  the  main  tunnel. 
About  6,000  gallons  per  minute  are  pumped  from 
this  drainage  system  by  means  of  heavy,  slow 
acting  beam  pumps  installed  in  plants  at  each 
end  of  the  tunnel.  These  drainage  and  venti- 
lating systems  had  an  important  bearing  on 
the  adoption  of  electric  traction  at  a  later  date. 
The  Mersey  Railway  is  4 .  75  miles  long.  Located 
on  the  line  are  seven  passenger  stations,  all  of 
which  are  entirely  or  partly  underground  at 
depths  of  from  20  to  100  feet.  The  grades  are 
heavy  toward  the  center  of  the  river,  the  maxi- 
mum being  3  .  7  per  cent. 

From  1886,  the  date  of  its  initial  operation,  until 
1903  the  line  was  operated  by  steam  locomo- 
tives. A  heavy  passenger  traffic  was  conducted, 
but  it  was  not  profitable  because  of  the  high 
operating  costs.  The  elaborate  ventilating  system 
did  not  serve  to  remove  the  objectionable  gases, 
and  the  journey  was  much  disliked  by  the 
public.  The  river  ferries  competed  actively  for 
business  and  the  tunnel  traffic  increased  very 
slowly.  Serious  items  of  expense  incident  to 
operation  were  incurred  in  providing  ventilation, 
in  maintaining  hydraulic  lifts  at  two  of  the  sta- 
tions and  in  operating  the  steam  pumps  used 
for  the  removal  of  drainage  water.  It  was  esti- 
mated that  electric  operation  would  greatly  de- 
crease the  cost  of  ventilation,  and  it  was  thought 
that  the  improved  atmospheric  conditions  as  well 
as  the  more  rapid  schedule  made  possible  by  elec- 
tric traction  would  largely  increase  the  traffic.  In 
1903,  just  before  the  inauguration  of  electric 
operation,  the  number  of  passengers  carried  was 
6,700,000;  in  1912,  under  electric  operation,  the 
number  carried  was  15,819,000.  With  the  intro- 
duction of  electric  operation,  the  large  ventilating 
plants  were  discarded  and  small  electric  fans  were 
substituted.  This  change  effected  a  saving  in 
ventilating  costs  of  $26,000  per  year.  Electrically 
driven  pumps  were  also  substituted  for  the  steam 
driven  pumps  which  operated  the  hydraulic  lifts. 

Passenger  trains  are  made  up  of  motor  and 
trailer  cars.  A  five-minute  schedule  is  main- 
tained for  about  twelve  hours  daily  and  a  three- 
minute  schedule  for  seven  hours.  About  255 
trains  in  each  direction  are  operated  on  the  lint- 
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TABLE  CCXXX.     SUMMARY  OF  GENERAL  AND  TECHNICAL  CHARACTERISTICS  OP  ENGLISH  STEAM  RAILROAD  ELECTRIFI- 
CATIONS. CLASS  A— TRUNK  LINE  RAILROADS 


Detail. 

North  Eastern 
Railway 

Lancashire  A  York- 
shire Railway 

Great  Western 
Railway 

Midland  Railway 

London,  Brighton  * 
South  Coast  Railway 

1 

2 

3 

4 

5 

a 

General: 

Low  tension   direct 

Low    tension  direct 

Low  tension   direct 

Single-phase     alter- 
nating current  .  .  . 

Overhead  trolley  .  . 

18  ft..  3  in.,  max...  13 
ft.,    3    in.,     nun. 

Single-phase     alter- 
nating current..  . 

Overhead  trolley  .  .  . 

16  ft.,  0  in.,  above 
track  

Conductors: 

Third  rail  
Over  running  

Steel  rail.  80  Ib.  per 

yd  
Cast  iron,  link  shoe  . 

5  750  3-phase 

Third  rail  (4th  rail 

Third  rail  (4th  rail 

Position  

Over  running 

Over  running  

Steel    rail,    103    Ib. 

avn  yd  
Shoe 

Steel  rail,  70  Ib.  per 
yd  
Cast  steel,  link  shoe 

7  500  3-phase 

Copper    0.50  in. 

Copper    037    in. 
equiv.  diam  
Pantograph       and 
sliding  bow  trolley 

None  .. 
6.600.  single-phase  . 

Railway    Company 

Sliding   bow  trolley 
with  double  con- 
tacU  

:             HSBBffJ 

6.7OO.  3-phase  
6,700.  single-phase. 

Purchased       from 
London      I 
Supply  Corporat'n 
1  steam-electric  
DepUord,  Southeast 
London 

Contact  voltage  
Power  Generation: 

800,  direct  

Purchased       from 
Newcastle  Electric 
Supply  Company 
1  steam-electric  
Carville 

600,  direct  

800.  direct  

Railway    Company 
1  steam-electric  .  .  . 

Railway  Company. 
1  steam-electric  .  .  . 

Plant  capacity  (total,  1-hr,  rating)  

13  250  kv-a 

6,000  kv-a.. 
g 

700  kw 

7500  kv-a 

Number  of  generators  (total)  

None 

7            

4 

N...,. 

Rating  and  type  

A.C.  at  S.750  T  
None                  .    .. 

4-1.500  kw.,    1-750 
kw..l-4,000kw.,l- 
2,500  kw.JSOr'lt, 
3-phase.  25-cycle  . 
Steam   engine*  and 
steam  turbines  .  . 
It 

750..    kw     6.600-v. 
25-cycle,  3-phase. 

3-150  kw..  1-230  kw. 
460-v..d.c  

A.C.  at  6,700  r  
None. 

Type  of  prime  mover  

Number  of  boilers  (total)  

\    • 

in 

None 

None 

Type  

\    •  , 

\    •  . 

KOM 

Rating  (b.  h.  p.)  

None 

240 

575 

None 

None 

Transmission: 
Feeders  (circuit  miles)  — 
On  poles  (bare  wire)  

None 

23  0 

None 

None 

None 

Underground  (insulated  cable)  

None. 

53 

27 

\    •  , 

5   56 

Type  

3-phase.  40-cyele  .  .  . 
5.500ae  

5  rotary.  1  in  power- 
station  
6 

3-phase,  25-cycls  .  . 
7,500s  c  

4battery,4raUry,2 
rotary  and  battery 
4  .  7  between  rotary 
11,  400k  w.,7.300  am- 
pere hours,  batter- 

3-phase,  25-cycle  .  . 
6,600  a  c 

v  •  . 

Single-phase.  26-cy- 
de  6.700  a.  c  

None 

Voltage  '.... 

\.  .  . 

Substations: 
Number  and  type  

2     motor-generator 
2  0 

1  motor-generator  in 
power  bouse  .... 

v,-  . 

Average  distance  apart  (miles)  

None 

Capacity  (total)  

11,200  kw  
800  kw 

4  400  kw 

350  kw 

None 

Sise  of  rotary  converter  uniU  .... 

400  kw  .(motor-gen- 
erator) 

2-175   kw..  (motor- 

None 

600  kw.,  (1.2OO  am- 
pere hr.   average, 
battery) 

Sise  of  transformer  units  

300  kv-a  

None  

None 

None 

200  kv-a. 

Rolling  Stock: 
Locomotives  or  motor  cars  used  

Locomotive*     and 

Motor  oars 

Number  and  service  

70  motor  ears,    84 
trailer  can    .  . 

40    motor  ears,  80 

3  motor  ears,  6  trail- 

50    motor  cars,  82 

05    motor    cars,  44 
trailers,  2  locomo- 
tives (freight)  

300 

Train  weight  (average)  excluding  locomotive 
(tons,  2,000  Ib.)  .7777.. 

None 

None 

None 

None 

Locomotives: 
Class  

0-4-4-0 

None 

None 

None 

None 

Total  weight  (tons.  2.000  Ib.)  

50 

\    .  . 

\   •  , 

N..1  | 

MOM 

Weight  on  drivers  (Ib.)  

112,000 

\    •  . 

V.i,. 

\.  i  . 

Nou 

Number  of  motors  

4 

•s    , 

\...i. 

N..I,. 

s  

Type-of  motor  

'   ,      .; 

None 

NOSH 

\...  . 

MOM 

Capacity  per  motor  (h.p.,  1-hr,  rating)  

100  

None 

None 

None 

None  

Tractive  effort  of  locomotive  (pounds,  1-hr.  . 
rating)  

14  740 

» 
None 

None 

s   • 

None 

Normal    speed    of    locomotive    (rated  load 
on  level  track)  ,  mi.  per  hr.  . 

14  3     

None 

NODS 

None 

None  

Molar  Cart:. 

Weight   excluding   passengers    (tons.   2.000 
Ib.)  

33 

50  0  (A) 

41  8 

«3  (  A} 

50  4  (A) 

Seating  capacity  

60  

24.2  (B)  .  . 

44  6  (B)     

62.3  (B)  

73.7  (Q  
80  (A)  

48  

72  

66  (A)  

Number  of  motors  ...    . 

2 

70  (B)  
88  (C) 

70  (B)  

4  (A) 

Capacity  per  motor  (h.p.,  1-hr,  rating)  

Trailer  Cart: 

Weight   excluding   passengers     (tons,    2,000 
10.)  

Seating  capacity  

150  
56           .     . 

2  (B)  .  . 

150  

150  (A) 

115  (A).    . 

4  (C)  .  . 

150  (A)  

i  £  n 

210  (B) 

ISO  (B)  

250  (C)  

27.2  
56 

19.3  
56 

22.0  (A)  
26  4  (B)    

28.8  
66 

56  (A) 

90 

?i    B  

103  
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daily.  This  is  more  than  double 
the  number  of  steam  trains  former- 
ly operated  and  the  schedule  speed 
is  about  30  per  cent  greater  than 
that  under  steam  operation. 

The  direct  current,  65o-volt, 
third  rail  system  with  fourth  rail 
return  is  employed.  Power  as  di- 
rect current  at  650  volts  is  gener- 
ated in  a  centrally  located  steam 
power  station  at  Birkenhead  and 
is  fed  directly  into  the  third  rail. 
A  storage  battery  is  used  for  equal- 
izing the  load. 

General  statistics  of  this  elec- 
trification are  as  follows: 


DATE    OF    INITIAL    ELECTRIC    OPERATION, 
MAY,     1903 

MILEAGE  ' 

Total  route  miles        .  4-75 

Total  track  miles        .     .  12.25 

TRAIN   SERVICE 

Passenger         ....  Motor  cars 

AVERAGE   NUMBER   OF  CARS   PER   TRAIN 

Passenger       . 

AVERAGE   NUMBER   OF   TRAINS  DAILY   (BOTH   WAYS) 

Passenger 

ELECTRIC   TRAIN    EQUIPMENT 

Motor  cars 

Trailer  cars    .  


FIG.  465.    ELECTRIFIED  LINES  OF  THE  MERSEY  RAILWAY 


Passenger 
Passenger 


TRAIN-MILES   PER   ANNUM    (1912) 
CAR-MILES    PER    ANNUM    (1912) 


4.87 

510 

24 

37 


561,494 


2,251,000 


5,000 
6,200,000 


TRACTION    POWER    REQUIREMENTS    (l9I2) 

Maximum  peak  load,  kw 

Total  per  annum,  kw-hr 

The  accompanying  map, fig.  46 5,  shows  the  loca- 
tion of  the  electrified  lines  of  the  Mersey  Railway. 

205.31  Class     B  —  Secondary     Railroads  — 
Technical  Characteristics:    Table  CCXXXI  pre- 
sents a  summary  of  the  general   and  technical 
characteristics  of  electrifications  of  English  steam 
roads  included  in  Class  B— Secondary  Railroads. 

205.32  English  Electrification  Projects  under 
Construction  or  in  Contemplation:  The  London  & 
North  Western  Railway  is  one  of  the  important 
trunk  lines  connecting  London  with  the  north 
and  with  points  on  the  Irish  Sea  and  Bristol 
Channel.     Its  main  line  terminal  in  London  is 
the    Euston    Station   near    Regent's    Park.      In 
addition  to  delivering  passengers  at  the  Euston 


Station,  the  road  has  a  connection  with  the  Inner 
Circle  Railway,  which  is  an  electrically  operated 
subway  line  circumscribing  the  central  portion 
of  the  city.  This  connection  is  over  the  North 
Western  Company's  line  from  Willesden  Junction 
to  Earls  Court,  from  which  point  the  road  has  run- 
ning rights  over  the  Inner  Circle  Railway  (Met- 
ropolitan District  Railway)  to  Mansion  House 
in  the  city.  The  electrification  will  include 
the  new  relief  line  for  suburban  service  parallel 
to  the  main  line  from  Euston  to  Watford  which 
is  now  under  construction,  the  North  London 
Railway  from  Broad  Street  Station,  the  line  from 
Camden  Town  via  Hampstead  to  Willesden  High 
Level,  thence  to  Earls  Court,  and  a  connection 
with  the  Baker  Street  and  Waterloo  Railway 
(tube)  at  Queens  Park.  The  objects  of  this  elec- 
trification are  to  relieve  the  main  line  of  a  por- 
tion of  the  heavy  suburban  traffic  which  comes 
into  Euston  Station  and  to  effect  an  increase  in 
suburban  business  by  frequent  and  rapid  train 
service  connecting  directly  with  the  city  subway 
and  tube  systems.  Electric  service  is  to  be  con- 
ducted by  motor  car  trains  equipped  for  operation 
over  the  electrified  city  subway  system,  and  that 
portion  of  the  traffic  handled  in  connection  with 
the  tube  railroad  system  is  to  be  conducted  by 
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TABLE  CCXXXI.      SUMMARY  OF  GENERAL  AND  TECHNICAL 
CHARACTERISTICS  OP  ENGLISH  STEAM  RAILROAD  ELECTRI- 
FICATIONS, CLASS  B  — SECONDARY  RAILROADS 


Detail* 

Mersey  Railway 

General- 

Conductors: 

Third   rail  (4th  rail  return) 

100  Ib  per  yd    60  Ib  per  yd 

None 

050  direct 

Power  Generation: 

Number  of  plants  and  type  

1   steam-electric 
Shore  Road  —  Birkrnhmd 

Plant  capacity  (total,  1-hr,  ratine)  
Number  of  generators  (total)  

4.400  kw  
4  .  . 

1,200  kw.      . 

800  kw.  .  . 

OSO  v.  d.  r.    . 

Type  of  prime  mover  

St«-am  engine*  

Number  of  boilers  (total)  

0  

Type           

Water-mix* 

Ratine  (b.  h.  p.)  

.MO  

High  Tension  Trantmittion: 
Feeders  (circuit  miles)  — 
On  poles  (bare  wire)  

None  .. 

\    •  . 

Type  

•    •  . 

Voltage  

None  .      .    . 

Subttationt: 
Number  and  type  

None  .  . 

None 

Capacitv  (total)    

None 

\      . 

MM 

Rolling  Stock: 

Train  weight  (average),  including  UK  mnoi  ni- 
tons, 2,000  Ib.)  

None    . 

Locomotivft: 
Class  

None 

Total  weight  (tons)  

None 

NOM 

Number  of  motors  

s  ..  . 

\ 

Capacity  per  motor  (h.p.,  1-hr  ratine) 

None 

Tractive    effort    of    locomotive    (Ib..     1-hr. 
rating)  
Normal  speed  of  locomotive  (rated  load  on 
level  track),  mi.  per   hr  

None     

Motor  Cart: 
Weight  excluding  passengers,  (tons,  2.0OO  Ib  ) 

1"  5  . 

40-W 

Number  of  motors  

4  

Capacity  per  motor  (h.  p.,   1-hr,  rating)  .  .  . 

100  

Trailer  Cart; 

Weight    excluding    passengers    (tons.  2,000 
Ib.)  

22 

Seating  capacity  

SIMM  . 

cars  of  small  cross-section  similar  to  those  em- 
ployed in  the  tubes.  The  6oo-volt  direct  current 
third  rail  system  of  traction,  interchangeable  with 
that  used  on  the  lines  with  which  it  connects, 
will  be  used.  A  steam  power  station  with  a 
capacity  of  25,000  kilowatts  is  to  be  erected  by 
the  London  &  North  Western  Railway  near 
Wembley.  Power  will  be  generated  as  three- 
phase,  25-cycle,  alternating  current  at  11,000 
volts  and  transmitted  to  substations  along  the 
lines.  The  substations  are  to  be  equipped  with 
storage  batteries.  This  electrification  will  em- 


brace 79  miles  of  track,  and  the  initial  electric 
equipment  will  consist  of  100  motor  cars. 

The  London  &  South  Western  Railway,  one  of 
the   important   trunk   line   systems   serving   the 
country  southwest  of  London  and  extending  to 
Southampton  and  ports  on  the  English  Channel 
and  to  Plymouth  and  west  coast  resorts  in  (Torn- 
wall  and  Devon,  purposes  to  electrify  a  network 
of  suburban  lines  for  a  total  distance  of  about 
100   miles.     The  initial   installation,   now   under 
construction,    will   embrace   the   loop   line   from 
Waterloo   Station,    London,    to   Kensington   and 
return,    and    the    line    from    Point    Pleasant    to 
Wimbledon,    a    total    distance    of    30.5    miles. 
Included  in  this  mileage  are  tracks  to  Wimble- 
don and  Richmond,  which  have  been  drctrified 
for  the  operation  of  the   Metropolitan  District 
Railway's  electric  trains  from  the  Inner  Circle 
Railway.     The  object  of  the  extensive  electrifica- 
tion proposed  by  the  London  &  South  Western 
Railway  is  to  provide  a  service  sufficiently  frequent 
and  rapid  to  recover  the  suburban  and  local  traffic 
which  has  been  diverted  to  the  city  electric  lim-s 
and  motor  busses.    Only  local  passenger  traffic  is  to 
be  operated  electrically.     Freight  traffic,  and  pas- 
senger traffic  originating  beyond  the  electrified 
zone,  are  to  be  handled  by  steam  over  the  elec- 
trified lines.     The  motor  cars,  of  which   168  will 
be  required,  are  to  be  of  the  compartment  type 
providing  seating  capacity  for  60  persons.     Tin 
motor  cars  will  weigh  about  38  tons  each  and  are 
to  be  equipped  with  two  275-horse-power  motors. 
The  trailer  cars  are  to  be  of  the  same  general 
design  as  the  motor  cars,  but  will  seat   70   per- 
sons and  weigh  26  tons.     The  standard  train  will 
weigh  about  1 1 5  tons  loaded  and  will  consist  of 
two  motor  cars  and  one  trailer  car.     The  schedule 
speed  will  be  about  25  miles  an  hour,  with  stops 
about  1.5  miles  apart.     The  third  rail,  600- volt, 
direct  current  system  has  been  adopted  because 
of  its  general  use  on  London  lines  which  conduct 
joint   service.     A   centrally  located  power  plant 
is  now  under  construction  at  Wimbledon.     The 
initial  equipment  will  consist  of  five  5,ooo-kilo- 
watt,    25-cycle,    n.ooo-volt,    three-phase    turbo- 
generators.    High  tension  current  is  to  be  trans- 
mitted  to  nine  substations  along  the  lines,   at 
which  points  it  will  be  transformed  and  converted 
to  6oo-volt  direct  current  and  fed  to  the  third 
rails.     The    substations   are    to   be   about    4.25 
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miles  apart  and  will  he  equipped  with  1,250- 
kilowatt  or  i.Sys-kilowatt  rotary  converter  units. 

FRENCH  RAILROAD  ELECTRIFICATIONS 

205.33  Character  of  Electrifications  in  France : 

Two  French  trunk  line  railroads  have  electrified 
sections,  but  of  short  length  only,  Following  the 
electrification  of  the  new  terminal  of  the  Orleans 
Railway  in  Paris  in  the  year  1900,  no  heavy  electric 
traction  was  inaugurated  in  France  until  the  ex- 
tensive plans  of  the  Midi  Railway  were  formu- 
lated and  carried  out  in  an  experimental  way  by 
the  electrification  of  two  disconnected  sections 
in  the  years  1910  and  1914  respectively.  The 
Orleans  Railway  installation  is  a  terminal  electrifi- 
cation occasioned  by  the  requirements  of  opera- 
tion in  a  tunnel  in  the  city  of  Paris,  and  the  Midi 
electrification  was  rendered  desirable  because  of 
heavy  grade  operation  in  the  Pyrenees  Mountains. 
The  latter  railroad  utilizes  water  power  for  the 
production  of  energy. 

In  addition  to  these  trunk  line  installations, 
there  are,  in  different  portions  of  the  country,  a 
number  of  electric  interurban  railroads,  some  of 
which  are  of  considerable  length.  Most  of  them, 
however,  are  narrow  gage  roads  and  employ  light 
motor  cars  in  their  operation.  A  number  of 
these  roads  have  been  electrified  with  the  assis- 
tance of  the  government,  which  has  contributed 
a  portion  of  the  capital  required  or  has  aided  in 
the  physical  construction. 

The  electric  system  used  on  these  interurban 
roads  is  generally  the  familiar  overhead  trolley 
with  direct  current  at  650  volts.  In  lines  of 
considerable  length,  the  single-phase,  alternating 
current  high  tension  trolley  system  is  employed. 

205.34  Class    A— Trunk    Line    Railroads - 
Orleans  Railway:    The  Orleans  Railway,  one  of 
the  great  trunk  line  systems  of  France,  has  its 
main   terminus   at   Paris   and   extends   south   to 
Toulouse,  a  distance  of  about  425  miles.     It  is 
also  the  direct  line  from  Paris  to  Bordeaux  and 
the  western  coast  of  France.     Until  the  year  1900 
its  terminus  in  Paris  was  at  the  Austerlitz  station, 
which  is  situated  at  a  considerable  distance  from 
the  central  portion  of  the  city.     When  the  Inter- 
national Exposition  of  1900  opened,  a  new  main 
station  on  the  Quai  d'Orsay  near  the  Champs  de 
Mars  was  opened,  and  32.5  mile  underground 


terminal  railroad  connecting  the  old  and  the 
new  stations  was  placed  in  operation.  Electrifi- 
cation of  this  terminal  railroad  constituted  the 
initial  installation.  In  1904,  the  electric  system 
was  extended  to  Juvisy,  a  suburban  point. 

The  Quai  d'Orsay  station  has  its  tracks  below 
the  street  surface  and  is  reached  from  the  Auster- 
litz terminus  by  a  double  track  subway  line  along 
the  bank  of  the  River  Seine.  It  was  necessary, 
therefore,  to  use  some  power  other  than  steam  for 
operating  the  trains  on  this  section  and  in  the 
station.  The  principal  object  of  the  Juvisy  ex- 
tension, which  added  to  the  electrically  operated 
lines  some  twelve  miles  of  double  track,  was  to 
stimulate  suburban  passenger  traffic  by  frequent 
and  rapid  service  with  multiple-unit  motor  car 
trains.  Two  additional  tracks,  formerly  used 
only  for  steam  operation,  are  now  being  electrified 
from  Austerlitz  to  Juvisy. 

Through  trains  are  operated  between  Quai 
d'Orsay  station  and  Austerlitz  by  electric  loco- 
motives, the  change  of  motive  power  being  made 
at  Austerlitz.  About  1 70  trains  daily  are  handled 
in  this  manner.  Local  trains  consist  of  motor 
and  trailer  cars,  and  about  70  trains  a  day  are 
operated  between  the  Quai  d'Orsay  and  Juvisy. 

Direct  current  with  third  rail  contact  was  the 
only  system  of  electric  traction  which  at  the  time 
(1900)  seemed  sufficiently  developed  to  insure 
continuous  and  successful  operation,  and  this  sys- 
tem was  accordingly  adopted. 

General  statistics  of  this  electrification  are  as 
follows : 

DATE   OF    INITIAL    ELECTRIC    OPERATION 

Paris  (Quai  d'Orsay  to  Austerlitz)      .     .     .  May,  1900 

Paris  (Austerlitz  to  Juvisy) July,  1904 


MILEAGE 


Total  route  miles 
Total  track  miles 


14.4 
65.0 


TRAIN    SERVICE 

Passenger,  local Motorcars 

Passenger,  through Locomotives 

ELECTRIC    TRAIN    EQUIPMENT 

Passenger  locomotives 18 

Motor  cars 7 

TRACTION    POWER    REQUIREMENTS 

Maximum  load,  kw 4,000 

Total  per  annum,  kw-hr 8,000,000 

The  accompanying  map,  fig.  466,  shows  the 
location  of  the  electrified  lines  of  the  Orleans 
Railway. 


666 


SMOKE  ABATEMENT  AND  ELECTRIFICATION  IN  CHICAGO 


FIG.  466.    ELECTRIFIED  LINES 
OF  THE  ORLEANS  RAILWAY 

205.35  Classes  A  and  B — Trunk  Line  Rail- 
roads and  Secondary  Railroads — Midi  Railway: 
The  Midi  Railway  is  one  of  the  important  French 
railroad  systems.  It  has  a  network  of  lines  south 
of  Bordeaux  and  along  the  Pyrenees  from  the 
Bay  of  Biscay  on  the  west  to  the  Rhone  Valley 
on  the  east.  Service  from  Paris  to  points  in 
Spain  is  conducted  over  this  railroad  and  the 
Orleans  Railway.  Three  sections  of  the  Midi 
have  been  electrified,  a  narrow  gage  line  from 
Villefranche  to  Bourg-Madame,  a  distance  of 
about  35  miles,  on  which  the  direct  current  sys- 
tem is  used,  and  two  disconnected  sections  of 
line  aggregating  about  79  route  miles  of  normal 
gage  track  in  the  Pyrenees,  on  which  the  single- 
phase  alternating  current  system  is  employed. 
As  the  result  of  a  controversy  between  the  govern- 
ment and  the  railroad  with  reference  to  inductive 
disturbances  in  telegraph  and  telephone  lines,  the 
single-phase  sections  are  not  at  present  in  opera- 
tion. Experimental  data  regarding  single-phase 
electric  operation  have,  however,  been  obtained 
from  these  lines,  and  apparently  no  change  is 
contemplated  in  the  program  for  the  adoption 
of  this  system  on  further  extensions. 

In  1902,  the  Midi  Railway  was  requested  by 
the  government  to  operate  the  state  lines  which 
were  to  be  constructed  in  the  Pyrenees.  These 
lines  involved  heavy  gradients  and  sharp  curves, 
which  presented  many  difficulties  to  steam  opera- 


tion, and  a  supplementary  agreement  was  made 
providing  for  electric  operation  on  the  lines  which 
had  curves  with  a  radius  of  less  than  186  feet 
and  grades  heavier  than  3 . 3  per  cent.  The  state 
agreed  to  supply  the  hydraulic  energy  required 
for  generating  the  current  and  to  be  responsible 
for  the  cost  of  transmitting  and  distributing  it. 
The  railroad  agreed  to  provide  the  generating 
machinery  and  the  traction  equipment.  Under 
this  arrangement,  the  direct  current  line  from 
Villefranche  to  Bourg-Madame  was  equipped  for 
electric  operation  and  placed  in  service  in  1910 
and  1911. 

A  second  agreement  made  in  1907  involved 
projected  lines  to  be  constructed  in  the  Central 
Pyrenees.  No  government  lines,  however,  have 
as  yet  been  electrified  under  this  agreement. 
In  anticipation  of  the  electrification  of  these 
government  lines  at  an  early  date,  the  railroad 
has  equipped  continuous  sections  of  its  existing 
lines  for  electric  operation  for  the  purpose  of 
determining  by  experiments  the  system  of  trac- 
tion best  suited  to  heavy  long  distance  traffic. 

The  Villefranche-Bourg-Madame  line  is  re- 
garded as  belonging  to  Class  B — Secondary  Rail- 
roads. The  line  is  of  narrow  gage  (3  feet,  3 . 5 
inches)  and  extends  from  Villefranche,  the  ter- 
minus of  the  standard  gage  railroad  from  Per- 
pignan,  to  Bourg-Madame,  a  distance  of  about 
35  miles.  On  leaving  Villefranche  the  road 
traverses  the  Valley  of  the  T6t  as  far  as  Olette,  at 
which  point  it  crosses  the  mountain  ridge  and 
descends  to  Bourg-Madame,  a  town  situated  near 
the  Spanish  frontier.  The  line  passes  through 
1 8  tunnels  averaging  430  feet  in  length.  The 
grades  are  exceptionally  heavy,  the  averages 
on  opposite  sides  of  the  summit  being  respectively 
3 . 8  and  i .  7  per  cent,  and  the  maximums  6 .  o 
and  5 .  o  per  cent. 

Passenger  traffic  and  freight  traffic  on  the  Ville- 
franche-Bourg-Madame line  were  handled  initially 
in  mixed  trains  composed  of  motor  and  trailer  cars 
with  a  maximum  weight  of  132  tons.  Traffic 
increased  so  rapidly,  however,  that  this  arrange- 
ment was  soon  abandoned  and  separate  passen- 
ger and  freight  trains  were  substituted.  Seven 
passenger  trains  and  two  or  three  freight  trains 
operate  daily  between  Villefranche  and  Bourg- 
Madame.  Three  or  four  extra  ore  trains  are 
operated  daily  between  Villefranche  and  Joncet. 
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The  present  rolling  stock  consists  of  ten  passenger 
and  ten  freight  motor  cars,  each  equipped  with 
four  so-horse-power  motors. 

A  direct  current,  8so-volt  system  with  third 
rail  conductor  is  used  on  the  Villefranche-Bourg- 
Madame  line.  In  1903,  when  this  electrification 
'was  planned,  single -phase  motors  and  collecting 
devices  had  not  been  developed  to  such  an  extent 
as  to  insure  successful  operation.  The  three- 
phase  system  was  not  considered  practicable  for 
maintaining  the  desired  schedule  speed  over  the 
heavy  grades.  The  difficulty  of  maintaining,  for 
the  three-phase  system,  two  overhead  conductors 
insulated  from  each  other  was  also  regarded  as 
serious. 

Power  is  obtained  from  a  plant  operated  by 
the  railroad  at  Cassagne,  a  point  about  midway 
between  Bourg-Madame  and  Villefranche.  Four 
65o-kilowatt  alternators  of  the  "double  current" 
type,  driven  by  Pelton  water  wheels,  deliver 
either  8 50- volt  direct  current  or  600- volt,  six- 
phase,  alternating  current.  The  8so-volt  direct 
current  is  fed  into  the  con  tact 'line  directly  from 
the  power  station  and  the  6oo-volt,  six-phase 
current  is  stepped  up  to  20,000  volts,  three- 
phase,  and  fed  to  the  contact  system  through 
rotary  substations  along  the  line. 

General  statistics  of  the  Villefranche-Bourg- 
Madame  electrification  on  the  Midi  Railway  are 
.as  follows: 

DATE   OF   INITIAL   ELECTRIC   OPERATION 

Villefranche— Mont  Louis July,  1910 

Mont  Louis — Bourg-Madame June,  191 1 

MILEAGE 

Total  route  miles 35 

Total  track  miles 4' 

TRAIN    SERVICE 

Passenger Motor  cars 

Freight Motor  cars 

AVERAGE  NUMBER  OF  CARS  PER  TRAIN 

Passenger 3 

AVERAGE   NUMBER   OF   TRAINS   DAILY    (BOTH   WAYS) 

Passenger 7 

Freight  3 

ELECTRIC   TRAIN    EQUIPMENT 

Motor  cars,  passenger    ....  10 

Motor  cars,  freight 10 

TRAIN   POWER   REQUIREMENTS 

Maximum  load,  kw 1,800 

Total  per  annum,  kw-hr.     .     .      .  2,500,000 

The  standard  gage  electrified  lines  of  the 
Midi  Railway,  which  are  regarded  as  be- 


longing to  Class  A — Trunk  Line  Railroads,  include 
the  line  from  Villefranche  to  Ille,  a  distance  of  about 
15  route  miles,  which  was  equipped  for  electric 
operation  in  1911.  Later,  the  electrification  was 
extended  for  a  distance  of  14  miles,  from  Ille  to 
Perpignan,  but  this  section  has  not  been  opened 
for  traffic.  In  the  Central  Pyrenees  a  section 
of  line  from  Pau  to  Tarbes,  a  distance  of  36.6 
miles,  including  a  branch  from  Lourdes  to  Pierre- 
fitte,  13  miles,  has  been  electrically  equipped  but 
is  not  yet  in  operation.  This  section  will  form 
a  part  of  the  system  of  mountain  grade  govern- 
ment lines  to  be  constructed. 

On  the  electrically  operated  section  from 
Villefranche  to  Ille,  extensive  tests  of  the  alter- 
nating current  system  of  traction  and  of  different 
types  of  electric  locomotives  for  hauling  heavy 
freight  trains  have  been  conducted.  In  1913, 
on  account  of  the  inductive  effects  interfering 
with  the  telegraph  and  telephone  lines  along  the 
right-of-way,  electric  operation  has  been  dis- 
continued, pending  adjustment  between  the  gov- 
ernment and  the  railroad  with  reference  to  the 
costs  of  making  changes  in  the  telegraph  lines. 

The  single-phase  alternating  current  system, 
using  12,000  volts  on  the  trolley  wires,  has  been 
adopted  for  these  main  line  electrifications. 
Current  is  generated  in  the  government  hydro- 
electric plants  at  6,000  volts  stepped  up  to 
60,000  volts  for  transmission  to  substations  in 
which  the  potential  is  reduced  to  the  working 
voltage.  The  rolling  stock  consists  of  both 
locomotives  and  motor  cars;  the  locomotives  are 


FIG.  467.    EASTERN  ELECTRIFIED  LINES  OF 
THE  MIDI  RAILWAY 
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to  be  used  for  freight  trains  and  for  passenger 
express  trains,  while  the  motor  cars  will  be  used 
for  branch  line  service  and  for  local  trains.  It 
is  understood  that  eight  loo-ton  gearless  locomo- 
tives and  30  motor  cars  have  been  purchased. 

The  accompanying  maps,  figs.  467  and  468, 
show  the  location  of  the  electrified  lines  of  the 
Midi  Railway. 

205.36  Classes  A  and  B — Technical  Charac- 
teristics:    Table  CCXXXII  presents  a  summary 
of  the    general  and   technical  characteristics  of 
electrifications   of   French  steam  roads  included 
in  Class  A  —  Trunk  Line  Railroads  and  Class  B 

—  Secondary  Railroads. 

GERMAN  RAILROAD  ELECTRIFICATIONS 

205.37  Character  of  Electrifications  in  Ger- 
many:    The  three  German   State   Railway  Ad- 
ministrations, the    Prussian,   Baden    and    Bava- 
rian,  became  interested  as  early  as  1900  in  the 
possibilities  of  electric  traction.     Since  that  year 
they    have  been  engaged  uninterruptedly   in    a 
series  of  practical  experiments  to  determine   the 
proper  system  and  field  of  electric  operation. 

The  Prussian  Administration  first  made  a  trial 
of  direct  current,  6oo-volt,  third  rail  traction  on 


the  Wannsee  line  at  Berlin.  In  1903  experi- 
ments were  made  with  the  same  system  on  the 
Berlin-Grosslichterfelde  line.  At  about  this  time, 
the  single-phase  alternating  current  system  was 
proposed,  and  in  1904  the  administration  decided 
to  introduce  this  system  on  the  Blankenese-Ham- 
burg-Ohlsdorf  line,  which  was  first  opened  for 
operation  in  1907.  These  installations  were  ap- 
plied in  all  cases  to  the  operation  of  city  and 
suburban  passenger  service.  The  object  was  to 
provide  a  more  frequent  and  rapid  service  than 
had  previously  been  possible  under  steam  loco- 
motive operation,  to  promote  economy  by  adjust- 
ing, in  a  ready  manner,  the  train  lengths  to  the 
traffic,  and  to  eliminate  locomotive  smoke.  The 
interesting  Zossen  experiments  were  undertaken 
at  approximately  the  same  time.  The  technical 
success  of  these  trial  installations  led  the  adminis- 
tration to  propose  the  use  of  electric  traction  on 
trunk  railroads,  and  as  a  result,  the  electrification 
of  the  Dessau -Bitterf eld  section  of  the  Magdeburg- 
Halle-Leipzig  main  line  was  undertaken.  When 
all  present  plans  are  completed,  the  Prussian  State 
Railway  will  have  about  430  miles  of  line  equipped 
for  electric  operation  and  will  possess  more  than 
200  electric  locomotives  and  some  300  motor  cars. 


LEGEND    "*- -,L          » 

—  Steam  Lines  *^    • — '• 

••  Electrified  -Direct  Current 
•  •         »     A.C.  Single  Phase 

«> 
under  Construction 


FIG.  468.     EASTERN  AND  WESTERN  ELECTRIFIED  LINES  OF  THE  MIDI  RAILWAY 
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TABLE    CCXXXII.     SUMMARY  <H'    '.KNF.RAL    AND    TKCIINICAL 
CHARACTERISTICS  OP  FRENCH  STEAM  RAILROAD  ELECTRI 
PICATIONS.  (LASS  A       TRUNK   LINE  RAILROADS. 
CLASS  B  — SECONDARY  RAILROADS 


Detaib 

Orlfmni  Rai.waj 
CkM  A 

M"c»> 

General: 

1  .i>w  tension  direct 

Conductor*: 

Type  of  workinc  conductor  .... 
I'lisitmu                       

Third  rail  
Over  running  .  .  . 
100  Ib.  JMT  vd.2-72 

I'l.inl  rail  .  . 
1  KIT  running  .  .  . 

Sl.'.-l     Sllll.        ,..     ,       ..    :i 

Ib.  JMT  yd.*.  .  .  . 

iron    ami     stri-l 

Link  tihiM*  .  .  . 

Transmission  voltage  
Contact  voltage  

Power  Generation: 

5.500.  3-phue  .  .  . 
600,  d.  c  

-'O.IMHI.  .'(-phase  .  .' 

850,  d.  c  

\uinln-r  of  plants  and  type  .... 

1  steam-electric  .  . 

1  hydro-elect  rirt  . 

3.000  kv.-a 

2.WX)  kw 

3 

4    . 

1,000  kv.-a.  5.50O- 

Type  of  prime  mover  

v    3-phase,    25- 
cycle 

Steam  enjcitu-s  .  . 
12  

kw.  850  v.  d.c.  or 
6OO  v.  It-phase, 
25-cyolc  
Hydraulic  turbines 

Type 

Water-tube 

Hating  (b.h.p  ) 

8-200,  4-280 

High  Tension  Transmission: 
Feeders  (circuit  miles)  — 

None  .  . 

70f 

20  

None  

Type 

3-phase,  25-cycle 

3-phaac,  25-cycle 

Voltage  

5,500  a.c  

20.000  a.c. 

Substations: 

3  rotary**  .  . 

5  rotary.    . 

4  8 

8  75 

Capacity  (total) 

4,500  kw 

6.0OO  kw. 

500  kw.  . 

600  kw..  . 

525  kv.-a. 

600  kv.-a. 

Rolling  Stock: 
Locomotives  or  motor  cars  used  . 

Locomotives    and 
motor  cars  

Motor  cars  

motor  cars  

10    passenger,     10 

Train  weight  (average)  excluding 
locomotive  (tons,  2  000  Ib  ) 

250   . 

Locomotives: 
Class    .. 

(A)  0-1-4-0 
(B)  0-4-4-O 

None      

Total  weight  (tons)  

(C) 
(A)  55 
(B)  60.  . 

None  

(C)  90.2 
(A)  110.0OO 
(B)   120  OOO 

(C) 
(A)  4 
(B)  4          ... 

(C)  2 
(A)  (B)  Geared 

Capacity  per  motor*  (h.p.,   1-hr. 

(C)  Side-rod  
(A)  (B)  230 

None  

Tractive    effort     of     locomotive 
(Ib  ,  1-hr  rating) 

(C)         900  
(A)  (B)   13.2OO 

None  

(C)          21  000 

Normal     speed     of    locomotive 
(rated    load    on    level     track) 

Motor  Cars: 
Weight      excluding      passengers 
(tons,  2,000  Ib.)  

46.2  
32 

28.6  passenger  .  . 
24.2  freight  
44  

4  .            

4  

Capacity  per  motor  (h.p.,  1-hr. 

175      

50  

Trailer  Cars: 
Weight      excluding      passengers 
(tons  2  000  Ib  ) 

13  2     . 

44  

*  From  Ouai  d'Orsay  to  Austerlitz.     100  Ib.  rail  a  fitted  with  two  flat  rails 
IS  Ib.  each  as  fish  plates.     Total  weight  of  conducting  rail,  150  Ib. 
1 1000-1200  lew.  is  purchased  from  a  plant  at  Vitry. 
i  Also  furnishes  power  to  the  Perpignan-llle  Line. 


•I  Includes  2 . 96  miles  of  cable  through  tunnel 
•»  Each  contains  storage  battery  of  1500  amp.  hr. 


capacity. 


In  1908,  the  Bavarian  State  Railway  Adminis- 
tration prepared  and  submitted  to  the  Landtag 
a  memoir  on  electric  traction  for  main  lines.  This 
memoir  referred  especially  to  the  Salzburg-Reich- 
enhall-Berchtesgaden  line,  the  Munich-Garmisch 
line  and  other  minor  lines,  mostly  suburban. 
The  first  line  to  be  equipped  and  operated  elec- 
trically was  the  Berchtesgaden-Schellenberg,  a 
local  road  eight  miles  long.  This  installation 
employs  direct  current  and  light  motor  and  trailer 
car  trains.  Later  a  light  service  local  line,  oper- 
ated by  the  Munich  City  Railways  and  known  as 
the  Murnau-Oberammergau  line,  was  equipped 
for  alternating  current  traction. 

The  Baden  State  Railway  Administration  has 
conducted  investigations  with  reference  to  this 
question  by  electrifying  a  light  service  railroad 
known  as  the  Wiesenthal  line.  In  this  installa- 
tion water  power  developments  have  been  utilized. 

As  a  result  of  these  trial  installations,  the  three 
German  State  Railway  Administrations  have  de- 
cided to  employ  the  single-phase  alternating  cur- 
rent system.  The  advantages  of  this  form  of 
traction  are  considered  by  them  to  be  greater 
than  its  disadvantages. 

205.38  Zossen  Experiments :  The  section  elec- 
trified for  the  purpose  of  making  these  experiments 
comprises  a  portion  of  the  main  line  of  the  Prus- 
sian State  railroad  system  between  Marienfelde 
and  Zossen  near  Berlin.  The  section  is  about  14 
miles  in  length  and  is  on  tangent  for  practically 
the  entire  distance.  Grades  are  light  and  short, 
0.5  per  cent  being  the  maximum.  The  track 
is  of  standard  construction,  with  67-pound  rails 
laid  in  part  on  steel  ties  and  in  part  on  wooden 
ties.  In  1 90 1,  the  line  was  equipped  with  over- 
head electric  conductors  for  three-phase  electric 
operation.  A  series  of  elaborate  tests  with  mo- 
tor cars  and  with  locomotives  was  undertaken 
to  determine  the  following  important  general 
characteristics  of  electric  traction  at  high  speed: 

1.  The  amount  of  energy  which  it  is  possible 
to   transfer  from  a  stationary-   conductor  to  a 
rapidly  moving  car  at  various  speeds. 

2.  The  speed  and  energy  curves  for  electric 
trains. 

3.  The  maximum  speeds  which  can  successfully 
be  operated. 

4.  The  train  resistance  and  power  consumption 
of  trains. 

5.  The  braking  results  at  various  speeds. 
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The  tests  extended  over  a  period  of  three  years. 
Much  time  was  spent  in  making  the  permanent 
way  suitable  and  safe  for  operation  at  high  speeds, 
and  changes  in  the  equipment  were  made  from 
time  to  time  in  order  to  adapt  it  to  the  require- 
ments of  the  various  tests.  At  the  end  of  the 
first  year  it  was  found  that  defects  in  the  track 
began  to  develop  at  speeds  of  80  miles  an  hour. 
Pending  changes  in  the  permanent  way  to  accom- 
modate the  higher  speeds,  tests  were  conducted 
to  determine  train  resistance  at  speeds  up  to  75 
miles  an  hour.  After  the  track  changes  were 
completed,  high  speed  tests  were  resumed  and 
speeds  as  high  as  120  miles  an  hour  were  attained. 
Accurate  reports  on  the  results  of  all  these  elab- 
orate tests  were  submitted  to  the  German  govern- 
ment. They  form  a  valuable  and  interesting 
record  of  work  in  the  early  days  of  electric  trac- 
tion. In  general  it  may  be  said  that  the  limita- 
tions of  high  speed  were  found  in  the  stability  of 
the  rolling  stock  and  of  the  track,  and  in  the  large 
current  consumption  during  acceleration.  The 
difficulties  of  collecting  current  and  operating 
the  electric  apparatus  at  high  speeds  were  not  re- 
garded as  serious.  The  distance  required  in  stop- 
ping trains  running  at  high  speeds  was  found 
to  influence  the  limit  of  safe  maximum  speeds. 
Since  the  completion  of  the  tests,  the  line  in 
question  has  not  been  operated  electrically. 

205.39  Class  A — Trunk  Line  Railroads — Prus- 
sian State  Railways — Dessau -Bitterf eld  Line: 
The  first  important  main  line  electric  installation 
undertaken  by  the  State  Railway  Administration 
was  on  a  portion  of  the  state  trunk  line  from 
Magdeburg  to  Leipzig,  between  Dessau  and 
Bitterfeld,  a  distance  of  about  16  miles.  This 
electrification  was  completed  in  1911,  and  careful 
experimental  work  has  since  been  conducted  to 
determine  the  best  type  of  motive  power  and  the 
most  satisfactory  details  of  electric  construction 
in  general.  After  about  two  years'  experimental 
work,  construction  has  been  started  on  the  elec- 
trification of  the  entire  line  from  Leipzig  and 
Halle  to  Magdeburg.  This  will  include  about  95 
miles  of  double  track  railroad.  About  36  locomo- 
tives will  be  required  in  the  operation  of  the  line. 

The  selection  of  the  Dessau-Bitterfeld  section 
for  the  initial  electrification  was  due  to  the  fact 
that  it  lies  in  the  heart  of  a  great  lignite  coal 
district  where  power  can  be  produced  economic- 


ally. The  lignite  coal  in  its  natural  state  is  not 
suitable  for  use  in  steam  locomotives.  It  can 
be  successfully  burned,  however,  in  stationary 
plants  and  affords  cheap  power  for  industrial 
purposes.  It  was  believed  that  the  combination 
of  power  supply  for  industries  and  for  the  rail- 
roads would  tend  to  reduce  the  cost  of  power 
production. 

During  the  past  two  years  electric  operation 
has  been  conducted  by  locomotive  trains  only. 
When  the  line  is  extended  it  is  probable  that 
motor  car  trains  will  be  employed  to  supplement 
the  present  service.  Both  freight  and  passenger 
services  have  been  conducted  electrically,  and 
many  types  of  electric  locomotives,  varying  from 
a  66-ton  locomotive  equipped  with  a  single  800- 
horse-power  motor  to  a  loo-ton  locomotive  with 
two  i, 2 so-horse-power  motors,  have  been  tested. 
Experimental  work  in  perfecting  details  of  the 
rolling  equipment  and  the  contact  system  has 
also  been  conducted. 

The  single-phase  alternating  current  system, 
which  has  been  adopted  as  standard  for  all  work 
of  the  State  Railway  Administration,  is  in  use  on 
this  line.  Current  is  generated  in  a  steam  power 
plant  near  Bitterfeld  on  the  River  Mulde.  Brown 
coal  is  used  as  fuel  and  is  burned  on  special 
grates  under  water-tube  boilers.  Current  is  gen- 
erated as  single-phase,  is-cycle,  alternating  cur- 
rent at  3,000  volts,  stepped  up  to  60,000  volts 
for  transmission  to  substations  by  means  of  one 
overhead  and  two  underground  lines.  This  high 
transmission  voltage  is  not  required  for  feeding  the 
short  section  of  railroad  in  question  but  was 
adopted  in  anticipation  of  the  future  extension  of 
the  traction  system,  possibly  to  Berlin,  80  miles 
distant.  It  is  the  first  example  of  such  high 
voltage  in  underground  cables  and  is  said  to  have 
given  satisfactory  results.  The  overhead  con- 
struction is  of  the  catenary  type. 

General  statistics  of  this  electrification  are  as 
follows: 

DATE   OF   INITIAL    ELECTRIC   OPERATION,   JAN.,    19!  I 
MILEAGE 

Total  route  miles 16.12 

Total  track  miles 47.70 

TRAIN    SERVICE 

Passenger       ...  - Locomotives 

Freight Locomotives 

ELECTRIC    TRAIN    EQUIPMENT 

Passenger  and  freight  locomotives      ....  7 
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The  accompanying  map,  fig.  469,  shows  the 
location  of  the  electrified  lines  of  the  Dessau  - 
Bitterfeld  Railway. 

TABLE  CCXXXIII.     SUMMARY  OF  GENERAL  AND  TECHNICAL 
CHARACTERISTICS  OF  GERMAN  STEAM  RAIL- 
ROAD ELECTRIFICATIONS.    CLASS    A— 
TRUNK  LINE  RAILROADS 


Detail* 

Dcsaau-Bitterfeld  Railway 

Qtneral: 

Single-phase  alternating 
current  

Conductors: 

Position  

19  ft.,   8>i  in.,  maximum, 
15  ft.,  H   in.,  minimum, 
above  track  

Coppet  0.30  in.  equiv.  diam. 

Type  of  collector  

60  000    single-phase 

Contact  voltage  

10,000,  single-phase 

Power  Generation: 

1  steam-electric  

Location  

3,000  kv-a 

Number  of  generators  (total)  .  .  ~.  

1    .... 

3  000  kv-a    3  000-v    single- 

phase,   16-cycle  

Number  of  boilers  (total)  

4 

Type  

Water-tube.  . 

Gating  (b.  h.  p.)  

5.46  ... 

High  Tension  Transmission: 
Feeders  (circuit  miles) 
On  poles  (bare  wire)  

10  92  

Type    .  , 

Voltage  

60.000  a.c. 

Substations: 

1  static.  .  . 

None 

Capacity  (total)  .    .    . 

3,600  kv-a  

1.800  kv-a  

Rolling  Stock: 

7  passenger  and  freight  .  .  . 
350  passenger,  1,400  freight 

(A)  4-4-2... 

Train  weight    (average)  excluding  locomo- 
tive (tons,  2.000  lb.)  

Locomotives: 
Class 

Total  weight  (tons) 

(B)  0-8-0  . 

(C)  2-8-2 

(D)  2-6-2 

(A)  77-79.2  

(B)  66 

(C)  100  1-101  2 

(D)  77-79  2       

(A)     66,000  

(B)   132,000 

(C)   132000 

(D)     89  000        .    . 

(A)  1   . 

(B)  1 

(C)  2  

(D)  1  

(A)  ) 
S5<  ^side-rod... 

Capacity  pet  motor  (h.p.,  1-hr,  rating)  
Tractive    effort     of     locomotive  (lb.,  1-hr. 

v*-v  1 
D)  1 
(A)  1,000-1,100  
(B)  800                 

(C)  950-1,260  

D)  1  800-1,100  

(A)  14,300  .  . 

Normal   speed    of    locomotive  (rated  load, 
on  level  track)  ,  mi.  per  hr  

Motor  Can: 
Weight  excluding  passengers  (tons,  2,000  lb.) 

(B)    .. 

(C) 

D)   

(A)  68.8  
(B)  15  5  

(C)  43  5           

D)  56  0  

None    

None  

K    mher  of  motors 

^one    

Capacity  per  motor  (h.p.,  1-hr,  rating)  
Trailer  Cart: 
Weight  excluding  passengers  (tons,  2,000  lb.) 
Seating  rapacity  

\,  ,n..                        

None                      • 

None  

205.40  Class    A — Trunk    Line    Railroads — 
Technical  Characteristics:    Table  CCXXXIII 
presents  a  summary  of   the  general  and  tech- 
nical characteristics  of  electrifications  of  German 
steam   railroads   included   in    Class   A — Trunk 
Line  Railroads. 

205.41  Class  B — Secondary  Railroads — Mit- 
tenwald  Railway:    This  is  a  standard  gage  rail- 
road built  to  be  operated  by  electric  traction. 
While  in   many   particulars  it   partakes  of  the 
nature  of  heavy  interurban   electric  service  as 
operated  in  America,  it  is  typical  of  many  steam 
railroads  of  Europe  in  that  it  handles  a  large 
passenger  traffic  through  a  country  which  requires 
heavy  motive  power  for  light  trains.     The  road 
is  located  partly  in  Austria  and  partly  in  Germany 
and  is  constructed  in  four  sections  grouped  to- 
gether under  the  name  of  the  Mittenwald  Railway. 
It  extends  from  Innsbruck  to  Reutte,  a  distance 
of  63  miles,  and  crosses  the  German  boundary 
into  Bavaria  at  Scharnitz  and  again  at  Griesen. 
The  total  length  of  line  in  Bavaria  is  21  miles. 


FIG.  469.    ELECTRIFIED  LINES  OF  THE 
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General  statistics  of  this  electrification  are  as 
follows : 

DATE  OF  INITIAL  ELECTRIC  OPERATION,  OCT.,  1912 
MILEAGE 


Total  route  miles 
Total  track  miles 

Passenger 
Freight     .      .      . 


TRAIN    SERVICE 


The  region  traversed  by  this  railroad,  Bavarian 
and  Austrian  Tyrol,  is  mountainous  and  presents 
many  difficulties  in  railroad  location.  The  Aus- 
trian section  of  the  line  out  of  Innsbruck  was 
built  with  grades  as  heavy  as  3.64  per  cent  and 
required  the  construction  of  18  tunnels. 

As  the  building  of  the  railroad  on  the  location 
adopted  was  predicated  upon  its  operation  by 
electricity,  heavier  grades  were  allowed  than  would 
be  practicable  with  steam  operation.  The  adop- 
tion of  the  3 . 64  per  cent  ruling  grade  effected  a 
large  saving  in  construction  costs  and  reduced 
the  length  of  the  line  by  about  2.5  miles.  The 
estimated  saving  in  construction  costs  exceeded 
the  total  cost  of  equipment  for  electric  operation. 
Another  determining  factor  in  the  adoption  of 
electric  traction  was  the  high  cost  of  coal  and  the 
availability  of  hydro-electric  power. 

Eight  through  passenger  trains  and  two  freight 
trains  are  operated  daily  from  Reutte  to  Inns- 
bruck, and  special  provision  is  made  for  extra 
trains  to  accommodate  Sunday  and  holiday  traffic. 
Electric  locomotives  handle  trailing  loads  averag- 
ing 135  tons  on  the  maximum  grade  of  3.64  per 
cent  at  a  speed  of  about  11.5  miles  an  hour. 
These  are  arranged  for  operation  on  the  multi- 
ple-unit control  system,  thereby  permitting  two  or 
more  locomotives  to  be  used  on  the  heavier  trains. 

The  single-phase  alternating  current  system 
with  an  overhead  trolley  is  used.  Power  is  gen- 
erated by  3,ooo-volt,  15- 
cycle  generators  at  the  rail- 
road's hydro-electric  plant, 
situated  about  four  miles 
south  of  Innsbruck.  The 
current  is  stepped  up  to 
50,000  volts  and  transmitted 
to  transformer  substations 
at  Reith  and  Scharnitz, 
where  it  is  transformed  and 
fed  to  the  overhead  trolleys 
at  15,000  volts.  Power  is 
also  purchased  from  the  mu- 
nicipal plant  at  Innsbruck. 
Eventually  the  entire  Ger- 
man section  of  the  road 
from  Scharnitz  to  Griesen 
will  be  fed  from  the  new 
hydro-electric  development 
at  Walchen  See.  FIG.  470.  ELECTRIFIED  LINES  OF  THE  MITTENWALD  RAILWAY 


62.7 
66.1 

Locomotives 
Locomotives 


AVERAGE    NUMBER    OF   TRAINS    DAILY    (BOTH    WAYS) 

Passenger 8 

Freight 2 

ELECTRIC   TRAIN   EQUIPMENT 

Freight  and  passenger  locomotives      ...  9 

The  accompanying  map,  fig.  470,  shows  the 
location  of  the  electrified  lines  of  the  Mittenwald 
Railway. 

205.42  Class  B — Secondary  Railroads — Wie- 
senthal  Railway:  This  railroad,  which  was 
formerly  operated  by  steam,  was  converted  to 
electric  operation  in  1912.  It  is  owned  by  the 
Grand  Duchy  of  Baden  and  extends  from  Basel 
to  Schopfheim,  with  a  branch  to  Sackingen  and 
one  to  Zell,  and  has  a  total  of  about  31  miles  of 
route  and  52  miles  of  single  track.  Its  average 
grade  is  light,  and  its  maximum  is  less  than  one 
per  cent.  One  tunnel,  2 . 5  miles  long,  is  located 
on  the  line. 

The  electrification  is  a  result  of  the  program 
adopted  by  the  Baden  State  Railway  for  the  pur- 
pose of  utilizing  the  water  power  of  the  Black 
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Forest  district.  It  is  in  the  nature  of  an  experi- 
mental electrification  undertaken  to  test  the 
economic  and  technical  features  of  this  form  of 
traction. 

Both  freight  and  passenger  trains  are  handled 
by  electric  locomotives,  13  of  which  are  in  use. 
Freight  trains  have  an  average  weight  of  about 
500  tons  and  passenger  trains  a  maximum  of  250 
tons.  Standard  steam  railroad  passenger  coaches 
are  used.  About  60  passenger  and  22  freight 
trains  are  operated  daily. 

Single-phase  alternating  current  at  10,000  volts 
and  15  cycles  is  used  with  an  overhead  trolley. 
Power  is  supplied  by  a  hydro-electric  station  near 
Basel  as  polyphase  current  at  6,800  volts  and  50 
cycles.  It  is  transmitted  to  a  rotary  converter 
station  at  Basel,  where  it  is  converted  and  trans- 
formed into  single-phase  current  of  proper  voltage 
and  frequency.  A  complicated  arrangement  of 
storage  batteries  and  rotary  converters  is  employed 
to  reduce  the  peak  loads  on  the  power  plant. 

The  accompanying  map,  fig.  471,  shows  the 
location  of  the  electrified  lines  of  the  Wiesenthal 
Railway. 

205.43  Class  B — Secondary  Railroads — Tech- 
nical   Characteristics:     Table    CCXXXIV    pre- 
sents a  summary  of   the  general  and  technical 
characteristics     of     electrifications     of     German 
steam  railroads  included  in  Class  B — Secondary 
Railroads. 

205.44  German  Electrification  Projects  under 
Construction  or  in  Contemplation :  The  important 
electric  traction  projects  in  Germany  now  (1914) 
in  process  of  construction  or  definitely  decided  up- 
on include  the  following :  ' 

1.  Heavy  trunk  line  electric  operation  on  the 
Magdeburg-Leipzig-Halle   line   of   the   Prussian 
State  Railways. 

2.  Terminal  and  city  electric  traction  operation 
on  the  Berlin  Stadtbahn  ("City  Railway")  of  the 
Prussian  State  Railways. 

3.  Trunk  line  electrification  of  the   Lauban- 
Konigszelt  line  of  the  Prussian  State  Railways. 

4.  Heavy  electric  traction  on  secondary  rail- 
roads of  the  Salzburg-Reichenhall-Berchtesgaden 
line  of  the  Bavarian  State  Railways. 

The  Magdeburg-Leipzig-Halle  line  is  an  exten- 
sion of  that  on  the  portion  of  the  line  between 
Dessau  and  Bitterfeld.  Construction  for  electric 
operation  is  now  (1914)  in  progress  and  when  com- 
pleted will  include  about  95  miles  of  double  track. 
22 


The  single-phase  alternating  current  traction  sys- 
tem has  been  adopted  and  it  is  contemplated 
that  the  operation  of  heavy  main  line  freight  and 
passenger  service  will  be  conducted  by  electric 
locomotives.  No  detailed  description  of  the  work 
is  as  yet  available.  It  is  understood,  however,  that 
the  standards  of  line  construction  and  locomo- 
tive design  developed  on  the  Dessau-Bitterfeld  line 
are  to  be  adopted  and  that  power  will  be  taken 
from  the  power  plant  near  Bitterfeld,  which  has 
been  designed  as  a  central  plant  for  all  the  German 
State  Railway  electrifications  including  that  in 
Berlin.  When  completed,  this  electrification  will 
constitute  the  first  important  long  main  line 
electric  traction  installation  in  Germany. 

The  proposed  electrification  of  the  Berlin 
Stadtbahn,  or  "City  Railway,"  of  the  Prussian 
State  Railway  System  is  of  interest  because  this 
road  is  used  in  part  as  a  "distributed  terminal" 
for  many  of  the  through  lines  of  the  Prussian 
Government  railroads,  and  because  the  initial 
electrification  is  to  be  undertaken  with  a  view 
to  extending  it  later  to  include  through  traffic. 
The  Berlin  Stadtbahn  is  elevated  on  viaducts  and 
embankments  through  the  central  portion  of  the 
city,  and  also  forms  a  belt  line  around  the  city. 
The  east  and  west  line  bisects  the  belt  railroad 
and  forms  the  part  of  the  system  which  is  used  as 
the  "distributed  terminal"  for  long  distance  main 
line  traffic.  Both  the  central  line  and  the  belt 
serve  a  very  heavy  local  city  passenger  business, 
and  operate  a  frequent  service  similar  to  that  on 
American  elevated  railways  and  subways.  In 
1909  the  City  Railway  carried  157,000,000  passen- 
gers, and  the  traffic  is  increasing  rapidly.  The 
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TABLE   CCXXXIV.    SUMMARY    OF    GENERAL   AND    TECHNICAL 
CHARACTERISTICS  OF  GERMAN  STEAM  RAILROAD  ELECTRI- 
FICATIONS. CLASS  B  — SECONDARY  RAILROADS 


Details 

Mittenwald 
Railway 

Wiesenthal 
Railway 

Genera/: 

Single-phase  alter- 
nating current  .  . 

Overhead    trolley 

Si  ngle-phase  alter- 
nating current.  . 

Overhead  trolley  . 

Conductors: 
Type  of  working  conductor 

q.            i  mft*prinl 

Two  copper  wire* 
0.27   in.    equiv. 
diameter 
Bow    pantograph 
with  double  con- 
tacts   

Copper     0.44    in. 
equiv.  diameter 

Sliding  iMiwtmlli-y 
6,800,  3-phase   .  . 

10,000,    single- 

Type  of  collector  r  •  .  • 

50,000,   single- 
phase  
15,000.   single- 

Power  Generation: 

Railway  Company 

1  hydro-elertric*. 
Near  Innobruck.  . 

6  000  kv-a 

Purchased   f  I  o  m 
the   Uhi-iiif.-M.-i. 
Power  Company 
1  hvdro-eleclric   . 
Wyhten... 

2,500  kw  
None 

Number  of  plants  and  type    . 

Plant     capacity      (total,      1-hr. 

Number  of  generators  (total)      . 

2 

3.000  kv-a.  S.OOIt- 
volt.sinvlc-pbaae 
15-cycle  
Hydraulic  t  urhines 
None 

A.C.  at  6,800  volt. 

N,,m- 
None  

Number  of  boilers  (total)  
Type.........  

None  

Rating  (b.h.p.)  

High  Tention  Tratumiition: 
Feeders  (circuit  miles)  — 

\   •  • 
50  5 

None  
5  5 

Underground  (insulated  cable) 
Tvne 

None  
3-phasr,    5O-eyrle 

6,800  a.  c.  . 

1  motor-generator 
None 

Single-phase,    15- 
cycle  
50  000  a  c 

Voltage                          

Subttationt: 
Number  and  type  
Average  distance  apart  (miles)  .  . 

2  static  
36 

3,200  kv-«  
None 

4,200  kv-a 
2-2,100      kv-a. 
(motor  generators) 

None 

Sise  of  rotary  converter  unit*     . 

400    kv-a  .     1.000 
kv-a 

Rolling  Stork: 
Locomotives  or  motor  can  and 

Locomotive*  
0  locomotives, 
freight  and  pas- 

Locomotive*  
13  locomotives, 
freight  and  pas- 

Train  weight  (average)  excluding 
locomotive  (tons,  2,000  Ib.)  .  . 

Locomotives: 
Class  

135t      

250  paasencrr  .  500 
freight 

2-8-2 

2-6-0 

Total  weight  (tons,  2,000  Ib.)    .  . 
Weight  on  drivers  (Ib.)  

53          

72.6... 

•MOO  
2                   .... 

Number  of  motors  

1 

Side-rod  drive  .  .  . 
800 

Side-rod  drive.  .  . 
475  

Capacity  per  motor  (h.p.,   1-hr, 
rating)  

Tractive     effort   of    locomotive, 

8820 

Normal     speed     of     locomotive 
(rated     load    on  level     track) 

18  6 

37  9            ... 

Motor  Can: 
Weight      excluding     passengers 
(tons,  2,000  Ib.)  

None 

None 

None  
None 

None 

Number  of  motors  

None 

Capacity  per  motor  (h.p.,  1-hr, 
rating)  

None     . 

None     . 

Trailer  Cart: 
Weight    excluding     passengers 
(tons,  2,000  Ib.)     .     . 

Mm. 

None 

Seating  capacity  None  

None  

*  Power  is  also  purchased  from  the  Sill  hydro-electric  plant  at  Innsbruck. 
tOn  3.64  per  cent  grade. 

central  line  of  four  tracks  serves  the  important 
through  stations,  such  as  Charlottenburg,  Zoolog- 
ical Gardens,  Friedrichsstrasse  and  the  Schlesisch- 
er  Station.  Congestion  of  traffic  on  this  portion 
of  the  system  has  become  acute.  Under  steam 


operation  a  service  of  only  24  trains  an  hour  in 
each  direction  has  been  possible,  whereas  a  service 
of  40  trains  an  hour  will  soon  be  needed  to  meet 
the  requirements.  Electrification  of  the  line, 
which  will  permit  the  running  of  longer  trains  at 
higher  average  speeds,  seemed  the  only  practical 
remedy.  In  order  to  utilize  the  present  equip- 
ment, which  represents  a  heavy  investment,  it 
is  the  intention  to  make  up  the  trains  with  an 
electric  locomotive  at  each  end,  and  it  is  estimated 
that  this  arrangement  will  not  only  be  less  expen- 
sive in  first  cost  than  the  multiple-unit  car  trains 
but  that  the  weight  of  the  trains  will  be  less  and 
the  maintenance  cost  lower.  During  the  hours 
of  heaviest  traffic  trains  will  consist  of  13  six- 
wheel  coaches  and  two  locomotives,  and  during 
periods  of  lighter  traffic  they  will  consist  of  six 
or  seven  cars  and  one  locomotive.  By  fitting  the 
rear  passenger  coach  of  the  lighter  train  with  an 
electric  controller,  it  will  be  possible  to  drive  the 
train  from  either  end.  No  decision  has  as  yet 
been  reached  in  regard  to  the  system  of  traction  to 
be  adopted.  Electric  power  will  be  supplied  from 
two  stations,  one  located  at  Bitterfeld,  about  80 
miles  distant,  where  lignite  coal  is  available,  and 
the  other  in  Berlin.  The  latter  station  will  be 
used  to  provide  for  the  peak  loads.  Power  is 
to  be  transmitted  at  60,000  volts  from  the 
Bitterfeld  station  by  underground  cables.  It  is 
intended  that  each  power  plant  shall  eventually 
have  a  capacity  of  100,000  kilovolt-amperes.  It 
is  stated  that  electric  operation  of  the  Stadtbahn 
will  require  557  electric  locomotives  and  690  ad- 
ditional passenger  coaches. 

Thfe  Lauban-Konigszelt  line,  and  certain  of  its 
branches  near  Breslau  in  Silesia,  will  be  elec- 
trified in  connection  with  the  program  of  the 
administration  of  the  Prussian  State  Railways 
for  trunk  line  electrification.  This  important 
electrification  will  comprise  about  80  miles  of 
main  line  and  85  miles  of  branch  lines.  The 
electrification  was  decided  upon  because,  in  con- 
trast to  the  Magdeburg-Halle  line,  it  presented 
conditions  of  operation  on  heavy  gradients  and 
sharp  curves,  which  afforded  an  opportunity  for 
the  study  of  the  behavior  of  electric  apparatus 
under  exceptionally  difficult  physical  conditions. 
The  road  crosses  the  densely  populated  industrial 
section  of  lower  Silesia  and  serves  a  number  of 
summerland  winter  resorts  in  the  Riesengebirge. 
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The  volume  of  traffic  is  exceptionally  uniform 
throughout  the  year,  in  consequence  <ii'  the  fact 
that  a  large  part  of  tin-  freight  business  consists 
of  coal  traffic  from  the  Waldenburg  fields.  The 
tourist  business  is  heavy  and  uniform.  It  is  con- 
templated that  all  trains  will  be  operated  by  elec- 
tric locomotives  of  a  type  suitable  to  the  tonnage 
and  speed  in  the  different  services.  Power  will 
be  generated  in  a  steam  plant  near  Neurode. 
Coal  from  the  Waldenburg  district,  having  a 
heating  value  of  6,500  British  thermal  units  and 
costing  about  $1.60  per  ton,  will  be  used.  The 
traction  system  will  employ  single-phase,  ib\- 
cycle,  alternating  current  at  1 5,000  volts.  Current 
generated  at  the  power  plant  will  tie  stepped  up 
to  60,000  or  80,000  volts  and  transmitted  to 
substations  where  it  will  be  transformed  to  the 
working  voltage.  The  power  plant  for  this  opera- 
tion is  now  being  constructed  by  private  capital. 
The  railroad  administration  has  contracted  to 
take  a  minimum  of  40,000,000  kilowatt-hours  a 
year  at  a  price  of  about  0.7  cent  per  kilowatt-hour 
at  the  high  tension  bus-bar.  The  contract  for 
.power  will  cover  a  period  of  30  years,  at  the  end 
of  which  time  the  government  may  take  over  the 
plant  at  an  appraised  value.  As  in  the  case  of 
other  state  railroad  electrification  work,  the  large 
electric  companies  of  the  country  have  com- 
bined to  furnish  the  equipment,  each  company- 
supplying  the  type  of  apparatus  it  considers  best 
adapted  to  the  requirements. 

The  electrification  of  the  Salzburg-Reichenhall- 
Berchtesgaden  line,  a  secondary  line  of  the 
Bavarian  State  Railway,  is  now  in  progress.  This 
road  extends  from  Berchtesgaden,  in  the  south- 
eastern part  of  Upper  Bavaria,  to  the  Austrian 
city  of  Salzburg,  a  total  route  distance  of  25  miles, 
20  per  cent  of  which  is  in  Austrian  territory. 
Although  running  through  the  heart  of  the 
Bavarian  Alps  and  having  long  grades  as  high  as 
4  per  cent,  the  line  is  of  normal  gage.  There  is 
at  present  a  high  tension,  direct  current,  light  local 
railroad  handling  passenger  traffic  and  operating 
between  Salzburg  and  Berchtesgaden  over  a  more 
direct  route  than  that  of  the  state  railroad.  The 
railroad  now  being  equipped  for  electric  operation 
will  use  single-phase,  i5-cycle  current  at  10,000  or 
15,000  volts.  Power  is  to  be  generated  in  a  hydro- 
electric station  at  Reichenhall.  Both  freight  and 
passenger  traffic  are  to  be  handled  electrically. 


For  this  purpose  twelve  electric  locomotives  and 
two  motor  cars  will  be  provided.  The  traffic  will 
require  the  operation  of  about  $h  passenger  and 
four  freight  trains  daily. 

SWISS    RAILROAD   KI.I.C    I  Kll  ICATIONS 

205.45  Character  of  Electrifications  in  Swit- 
zerland: Railroad  electrification  in  Switzerland 
is  of  particular  interest  owing  to  the  variety  of 
difficult  conditions  attendant  upon  operation  in  a 
mountainous  country.  Then1  are  few  Swiss  in- 
stallations, however,  which  are  comparable  with 
American  trunk  line  railroads  as  regards  operation 
under  heavy  traffic  conditions.  All  electrifica- 
tions in  Switzerland  have  been  based  upon  the 
utilization  of  water  power.  The  cost  of  coal  is 
high  and  that  of  hydro-electric  power  is  low. 
In  some  cases  the  difficulty  arising  from  smoke  in 
the  long  tunnels  forms  another  important  reason 
for  the  adoption  of  electric  traction,  and  in  other 
cases  a  contributing  factor  has  been  the  ability  to 
increase  the  capacity  of  a  crowded  line  by  means  of 
the  higher  speed  and  greater  tractive  effort  which 
is  secured  by  the  use  of  electric  locomotives. 

Of  the  existing  Swiss  electrifications,  those  of 
the  Simplon  and  Loetschberg  tunnel  lines  are  the 
only  ones  which  approach  American  trunk  railroad 
operation  in  importance.  Of  projected  work,  the 
electrification  of  the  St.  Gotthard  tunnel  line, 
now  (1914)  in  progress,  is  the  most  extensive. 
Of  secondary  line  electrifications,  both  for  fairly- 
heavy  traffic  and  for  light  special  traffic,  there  are 
a  number  of  examples,  all  of  which  present  points 
of  interest  to  the  engineer  rather  than  conditions 
which  bear  upon  the  electrification  problem  of 
Chicago. 

205.46  Class  A— Trunk  Line  Railroads  — 
Simplon  Tunnel  Railway:  The  Simplon  tunnel 
furnishes  one  of  the  two  important  through  con- 
necting links  between  Italy,  Switzerland  and  the 
north  of  Europe.  Trains  by  this  route  operate 
from  points  on  Lake  Geneva  via  Martigny  and 
the  Rhone  Valley  to  Domodossola,  Italy,  and 
thence  to  Arona  on  Lake  Maggiore  and  the  south. 
The  construction  of  this  tunnel,  which  is  the 
longest  in  the  world  (12.25  miles),  was  started  in 
1898  and  the  line  was  opened  for  traffic  in  June, 
1906.  The  summit  of  the  tunnel  is  very  low, 
being  only  2,313  feet  above  sea  level,  and  the 
tunnel  gradients  are  comparatively  easy,  with  a 
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maximum  of  0.7  per  cent.  High  temperatures 
were  encountered  during  construction,  necessitat- 
ing special  provision  for  ventilation,  both  for 
construction  work  and  for  subsequent  operation. 
The  initial  plan  provided  for  two  single  track 
tunnels  to  be  located  about  56  feet  apart, 
inter-connected  by  cross  passages  to  provide  for 
ventilation.  Only  one  of  these  tunnels  has  been 
completed  for  train  operation.  The  other  tunnel 
was  built  as  a  construction  heading  and  is  now 
being  enlarged  and  equipped  for  a  second  track. 

Because  of  the  length  of  the  tunnel  and  the 
high  natural  temperature  of  the  rock  formations 
through  which  it  passes,  it  was  necessary  to  adopt 
some  system  of  traction  other  than  steam  loco- 
motive operation.  In  1898,  soon  after  the  work 
had  been  started,  proposals  were  made  to  the 
Jura-Simplon  Railway  Company  to  consider 
plans  for  operating  the  line  with  electricity,  but 
as  the  art  of  heavy  electric  traction  was  then  in 
its  infancy,  the  proposals  were  rejected.  Sub- 
sequent attempts  to  interest  the  management  in 
electric  operation  met  with  a  similar  fate.  In 
1905,  when  the  tunnel  was  nearing  completion, 
the  Brown-Boveri  Company,  of  Baden,  Switzer- 
land, proposed  to  electrify  the  road  at  its  own 
expense  and  to  operate  the  trains  through  the 
tunnel  with  three-phase  alternating  current  loco- 
motives at  a  fixed  charge  per  train-mile.  The 
railroad  company  had  the  option  of  taking  over 
the  electric  installation  at  the  end  of  a  year  or  of 
compelling  the  contractors  to  remove  it  at  their 
own  expense.  This  offer  was  accepted  December 
19,  1905,  and  by  June  i,  1906,  regular  electric 
operation  was  inaugurated  and  has  since  been 
successfully  conducted. 

Electric  operation  is  confined  to  the  tunnel 
and  its  approaches.  All  trains,  both  freight  and 
passenger,  are  hauled  through  the  tunnel  by 
electric  locomotives,  of  which  two  types  are  used, 
one  for  freight  trains  and  one  for  passenger  trains. 
Freight  trains  are  operated  at  about  21  miles  an 
hour  and  passenger  trains  at  42  miles  an  hour. 

Three-phase  alternating  current  is  employed 
with  two  overhead  contact  wires  above  each  track 
and  with  three-phase  motors  on  the  locomotives. 
Power  is  generated  as  three-phase,  3,3oo-volt,  16- 
cycle,  alternating  current  in  two  hydro-electric 
power  stations,  one  located  near  each  portal  of 
the  tunnel. 


During  the  enlargement  of  the  second  tunnel, 
which  began  in  January,  1913,  the  plant  at  Iselle 
was  used  for  construction  purposes  only,  and 
power  for  operating  the  railroad  was  obtained 
from  the  new  hydro-electric  plant  at  Varzo,  owned 
by  a  private  Italian  company.  Plans  have  been 
made  to  obtain  power  permanently  from  this 
station  when  the  new  tunnel  line  is  opened,  and 
to  abandon  the  plant  at  Iselle. 

General  statistics  of  this  electrification  are 
as  follows: 

DATE  OF  INITIAL  ELECTRIC  OPERATION,  JUNE,  1906 
MILEAGE 

Total  route  miles 13.7 

Total  track  miles 17.9 

TRAIN    SERVICE 

Passenger Locomotives 

Freight Locomotives 

AVKRAOE    NUMBER   OF   CARS    PER    TRAIN 

Passenger 10-15 

Freight 30-50 

AVERAGE    NUMBER   OF   TRAINS   DAILY    (BOTH    WAYS) 

Passenger 17 

Passenger  and  goods 4 

FmKht 5 

I  I  KCTRIC   TRAIN    EQUIPMENT 

Freight  and  passenger  locomotives      ...  4 

TRAIN-MILES    PER   ANNUM    (1913) 

Passenger 88,578 

Passenger  and  goods 9,439 

Freight 107,880 

TRACTION    POWER    REQUIREMENTS    (1913) 

Maximum  load,  kw 1,492 

T"t:il  per  annum,  kw-hr 1,650,000 

The  accompanying  map,  fig.  472,  shows  the 
location  of  the  electrified  line  of  the  Simplon 
Tunnel  Railway. 

205.47  Class  A  —  Trunk  Line  Railroads  - 
Loetschberg  Railway:  This  new  railroad  is  prac- 
tically a  continuation  of  the  Simplon  Tunnel  line 
and  forms  the  shortest  route  through  France  from 
Calais  or  Boulogne  via  Switzerland  to  Milan  and 
the  central  artery  of  the  Italian  railroad  system. 
It  affords  also  a  short  route  from  Italy  to  the 
important  Swiss  cities  and  to  points  in  Germany. 
The  new  railroad  construction  extends  from  Fruti- 
gen  to  Brieg,  near  the  entrance  of  the  Simplon 
tunnel,  a  distance  of  37.5  miles,  but  its  main 
terminus  is  at  Spiez,  8 . 3  miles  north  of  Frutigen, 
on  the  lake  of  Thun.  At  the  town  of  Thun  con- 
nections are  made  for  through  service  over  the 
Continental  trunk  lines.  The  Spiez-Frutigen  sec- 
tion, originally  a  steam  road,  was  electrified  for 
experimental  purposes  in  1910.  The  new  road 
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to  Brieg  was  electrified  upon  its  completion  and 
was  placed  in  operation  in  July,  1913.  The 
entire  road  abounds  in  examples  of  bold  engineer- 
ing construction.  From  Spiez  the  railroad  fol- 
lows the  valley  of  the  Kander  to  Kandersteg,  the 
entrance  to  the  great  tunnel  from  which  the  road 
takes  its  name.  The  Loetschberg  tunnel  is  9 .  i 
miles  long,  with  15  per  cent  of  its  length  on  curves. 
Its  summit  is  4,077  feet  above  sea  level.  The 


gradients  in  the  tunnel  are  0.7  per  cent  from 
the  north  portal  to  a  point  near  the  center,  where 
there  is  a  short  stretch  of  level  track,  and  0.4 
per  cent  descending  to  the  south  portal.  The 
line  as  a  whole  has  33  minor  tunnels,  the  com- 
bined length  of  which  is  equivalent  to  22.5  per 
cent  of  the  total  length  of  the  road.  Including 
the  mileage  of  the  main  tunnel  nearly  43  per  cent 
of  the  line  is  in  tunnels.  The  Loetschberg  line 


Frutige 

r- 
rbwerpa.^  ^Kanderg 

Folsenburg 


FIG.  472.     ELECTRIFIED  LINE  OF  THE  SIMPLON  TUNNEL  RAILWAY 
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has  been  constructed  in  such  manner  as  to  per- 
mit of  its  being  double  tracked  throughout.  At 
present  only  10.5  miles,  including  the  main  tunnel, 
are  of  double  track  construction.  Electric  trac- 
tion was  adopted  to  avoid  the  smoke  nuisance  in 
the  long  tunnel  and  to  utilize  the  cheap  hydro- 
electric power  available  as  a  substitute  for  steam 
power  from  coal  which,  in  this  district,  costs  from 
$7.00  to  $8.00  a  ton. 

The  single-phase  alternating  current  system  of 
traction  is  employed  on  the  entire  line.  Power 
is  purchased  from  the  Bern  Power  Company, 
whose  hydro-electric  generating  stations  are  lo- 
cated at  Kandergrund  and  Spiez.  Single-phase 
current  is  delivered  at  15,000  volts,  15  cycles. 
Fourteen  locomotives  of  the  2-10-2  type,  weigh- 
ing from  100  to  108  tons  each  and  having  85 
tons  on  the  drivers,  are  used. 

General  statistics  of  this  electrification  are  as 
follows : 


DATE    OF    INITIAL    KI.KCTRIC    OPERATION 

Spiez  to  Frutigcn 

Frutigen  to  Brieg 

MILEAGE 

Total  route  miles 

Total  track  miles 


TRAIN    SERVICE 


Passenger,  through 
Passenger,  local  . 
Freight     ...    . 


1910 
July.  1913 

45-8 
60.0 

Locomotives 
Motor  cars 
IxKxrniotivrs 

AVERAGE    M'MHKR    OK    TRAINS    DAILY    (MOTH   W\\- 

Passenger,  through         10 

Passenger,  local        6 

Freight 8 

ELECTRIC    TRAIN    EQUIPMENT 

Passenger  and  freight  locomotives      ...  14 

Motor  cars 3 

TRACTION    POWER    REQUIREMENTS    (1913) 

Total  per  annum,  kw-hr 10,000,000 

The  accompanying  map;  fig.  473,  shows  the 
location  of  the  electrified  lines  of  the  Loetsch- 
berg  Railway. 

205.48  Class    A — Trunk    Line    Railroads  — 
Technical    Characteristics:     Table    CCXXXV 
presents   a   summary   of   general    and    technical 
characteristics  of  electrifications  of  Swiss  steam 
railroads  in  Class  A — Trunk  Line  Railroads. 

205.49  Class  C — Light  Service   Railroads  — 
Burgdorf-Thun    Railway:     The  Burgdorf-Thun 
Railway  was  the  first  important  standard  gage 
electric  railroad  constructed  in  Switzerland.     It 
is  a  single  track  connecting  line,  about  25  miles 
long,  with  one  terminal  station  on  the  main  line 


from  Zurich  via  Bern  to  Geneva,  and  another  on 
the  line  from  Bern  to  Thun  and  Interlaken.  It 
also  crosses  the  line  between  Bern  and  Lucerne. 

TABLE    CCXXXV.     SUMMARY   OF   GENERAL    AND   TECHNICAL 
CHARACTERISTICS  OF  SWISS  STEAM  RAILROAD  ELECTRI- 
FICATIONS. CLASS  A— TRUNK  LINE  RAILROADS 


Details 

Grntral: 

System  of  traction 

Conductor*: 

Type  of  working  conductor 

Position 


8ise  and  material  .  . 
Type  of  collector  . . . 


Simnlon 
JUUwty 


3-phase  alternating 
current 

2  double  overhead 
trolleys ! 

17  ft..  5  in.,  maxi- 
mum   

15  ft.,  9  in.,  mini- 
mum above 
tracks 

Copper  0.31  in. 
equiv.  diam 

Two  part  sliding 
bow  trolley 


Loetschbcrg 
Railway 


Single-phase  alter- 
nating current  .  . 

Overhead  trolley  .  . 

23  ft..  0  in.,  maxi- 
mum   

15  ft.,  8  in.,  mini- 
mum above 
tracks  

Copper  It  44  in. 
equiv.  diam 

Sliding  bow  trolley 


Transmission  voltage  . 
Contact  i    ' 


'owrr  Generation: 
Owner  of  plant 


3.300.  3-phase 

Railway  Company 


Number  of  plant*  nml  type  •       1  hydro-electric. 
Location  ..................      Brieg  • 


None 

15,000  single-phase 


Purchased    from 
Bern  Power  Com- 
pany  

2  hydro-electric 
Kandergrund     and 
Spies 


Plant    capacity    (toul.     1-hr. 

ratine)  

900  kw  

Number  of  generator!  (total)  . 

1          .    . 

None 

Ratine  »nd  type  . 

900kv-a.,  3.300-v.. 

16-cycle,  3-phase 

A.    C.    at     15,000 

volt* 

Type  of  prime  mover  
Number  of  boiler*  (total)  .... 

Hydraulic  turbine* 
None  

Noo*  

Type                 .... 

None      

Nnnr 

None 

None 

II  ink  Tension  Tran*n 

iiMion: 

Feeder*  (circuit  miles)  — 

On  pole*  (bare  w 

rire)  . 

None  

Noo.  

ilM*jdi      • 

NOW 

MOM 

ftEg.  

None  
None 

MOM 

None 

Number  and  type  
Average  distance  apart  (miles) 
Capacity  (total) 

None.. 
None  
None        

None.. 

MOM 

None    

8H*  of  rotary  converter  units 

None  

None  

8ise  of  transformer  units  

None  

None  

Rolling  Star*: 

Ixieomotive*  or  motor  car*  used 

Locomotive*  

Locomotives      and 

motor  car*  

Number  and  service  

4     locomotive*, 

14    locomotive* 

Train  weight  (average)  exclud- 

freight   and  pas- 

and 3  motor  car* 

ing  locomotive 

(tons,  2.000 

senger  

Ib) 

,s  .    ,.  ,  k.,  ,     7.'.. 

330 

freight 

Lofomotitet: 

Class  

(A)  2-6-2 

(B)  0-8-0  

2-10-2  

Total  weight  (tons)  

B  H 

(B)  75  

117.7  

Weight  on  driver* 

(Ib.)  

(A)     96.800 

(B)   150,000 

176,000 

2 

2  ... 

Type  of  motor  .  .  . 

Side-rod  drive  

Geared    side-rod 

rating)  

(A)  400-550. 

(B)  550-850  

1,250  

Tractive  effort  ol 

locomotive 

(Ib.,  1-hr,  rating)  

(A)   12.760-  8,800 

(B)  25  300-14  080 

29  700  . 

Normal    speed   of 

locomotive 

(rated  load  on 

level   track) 

mi.  per  hr.)  .... 

(A)  21.8-43.6 

Motor  Cart: 

(B)   16  2-43  6 

31 

(tons,  2,000  Ib.)  

Seating  capacity 

Number  of  motors 

Capacity  per  motor  (h.p.,  1-hr. 

rating) 


None 

None 

None 


60.5. 


64... 
2.... 


None 225. 


Trailer  Can: 

Weight    excluding     passenger? 

(tons,  2,000  Ib.)  

Seating  capacity 

*  Power  is  also  purchased  from  the  hydro-electric  station  at  Vano. 


None 

None .  . 


None  . . 
None  .  . 
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Leaving  Burgdorf,  1,758  feet  above  sea  level,  the 
line  ascends  for  nearly  13.5  miles  with  an  average 
grade  of  1.15  per  cent  and  a  maximum  of  2.5  per 
cent,  and  attains  an  altitude  of  2,526  feet  near 
Biglen.  From  this  point  the  line  descends  to 
Thun,  1,842  feet  above  sea  level,  with  an  average 
grade  of  1.05  per  cent. 

The  original  plan  provided  for  a  steam  road 
between    Burgdorf    and    Thun.     The    road    was 


first  projected  about  1880  but,  because  of  the 
heavy  grades  and  probable  high  cost  of  operation, 
construction  was  deferred.  When  electric  opera- 
tion became  sufficiently  developed  to  be  applicable 
to  heavy  traction,  one  of  the  prominent  manu- 
facturing companies  offered  to  equip  the  line  and 
guarantee  its  successful  operation.  Electrifica- 
tion, therefore,  was  undertaken  primarily  for  the 
purpose  of  making  practicable  the  construction 


FIG.  473.    ELECTRIFIED  LINES  OF  THE  LOETSCHBERG  RAILWAY 
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and  operation  of  a  railroad  with  grades  heavier 
than  those  allowable  under  steam  operation. 

This  road,  as  well  as  the  steam  line  from  So- 
lothurn  to  Langnau.is  operated  by  the  Emmenthal- 
bahn  Company,  and  the  first  4 .  5  miles  out  of  Burg- 
dorf  are  used  by  both  lines.  The  passenger  traffic 
is  light  and  is  handled  by  motor  cars  or  locomo- 
tives with  one  or  two  trailer  coaches.  Freight 
trains  are  handled  by  electric  locomotives.  About 
32  passenger  and  9  freight  trains  are  operated  daily. 

The  only  electric  systems  available  for  traction 
purposes  at  the  time  of  construction  were  the 
three-phase  and  direct  current.  The  hydro-elec- 
tric developments  in  the  vicinity  were  supply- 
ing three-phase  current,  and  this  system  was 
therefore  adopted  under  an  arrangement  which 
permits  the  transmission  of  current  direct  to  the 
contact  lines  and  its  use  in  three-phase  motors. 
Power  is  purchased  from  the  Bern  Power  Com- 
pany's Kander  power  station  near  Spiez  and 
delivered  at  16,000  volts,  three-phase  to  trans- 
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former  stations  about  i .  8  miles  apart.     At  these 

stations  the  current  is  transformed  •  to  750  volts. 

General  statistics  of  this  electrification  are: 

DATE  OF  INITIAL  ELECTRIC  OPERATION,  JULY,   1899 
MILEAGE 

Total  route  miles 24.92 

Total  track  miles 31.00 

TRAIN    SERVICE 

"K?r       .  Motor  cars  and  locomotives 

1'ri'ight Locomot 

AVERAGE    NUMBER    OF    TRAINS    DAILY    (BOTH    WAYS) 

Passenger -j2 

Freight Q, 

1  I  l.CTRIC    TRAIN    Eyt  II'MI-M 

Passenger  and  freight  locomotives      ...  3 

Motorcars 5 

Trailer  cars |4 

CAR-MILES    PER    ANNUM    (I'll;, 
•  '1K<T 10,461 

Freight 13,013 

TRAIN-MILES    PER    ANNUM    (1913) 

Passenger ",254 

.TRACTION    POWKK    KM.H  IMEMENTS    (1913) 

Maximum  load,  kw 1,911 

Total  IXT  annum,  kw-hr 2,500,000 

The  accompanying  map,  fig.  474,  shows  the  loca- 
tion of  the  electrified  lines  of  the  Burgdorf-Thun 
Railway. 

205.50  Class  C  — Light  Service  Railroads  — 
Fribourg-Morat-Anet  Railway:      This  electrifica- 
tion is  of  interest  only  as  being  the  first  normal 
gage  steam  railroad  in  Switzerland  to  be  elec- 
trified.    Originally  the  road  extended  from  Fri- 
bourg  to  Morat,  and  was  operated  by  steam.     It 
was  electrified  in  1902.     In  1903  an  extension  of 
6  miles  from  Morat  to  Anet  was  built  for  electric 
operation.    The  line  is  the  only  normal  gage  road 
in  Switzerland  which  has  been  electrified  on  the 
840-volt  direct  current  third  rail  system.     Traffic 
is  conducted   by  motor  car  trains.     While   the 
technical  results  have  been  satisfactory,  electric 
operation,  owing  to  the  small  amount  of  business 
handled,  has  not  been  a  success  financially. 

The  accompanying  map,  fig.  475,  shows  the 
location  of  the  electrified  lines  of  the  Fribourg- 
Morat-Anet  Railway. 

205.51  Class  C— Light  Service  Railroads  - 
Seebach-Wettingen  Railway :    This  was  an  exper- 
imental electric  traction  installation  on  a  Swiss 
standard  gage  railroad,  undertaken,  as  were  the 
Zossen    experiments  in   Germany,   to  determine 
the  possibilities  of  single-phase  electric  traction. 
The  line,  which  is  about  12  miles  in  length,  was 
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equipped  in  1907.  It  was  operated  electrically  for 
about  18  months,  after  which  period  the  elect™ 
installation  was  removed. 

205.51  Class  C— Light  Service  Railroads— 
Seethal  Railway:  This  is  a  single-phase  electric 
railroad  of  the  suburban  class,  extending  from  Lu- 
cerne to  Wildegg,  a  distance  of  about  34  miles. 
Electric  operation  was  inaugurated  in  IQIO. 
The  road  constitutes  the  first  permanent  single- 
phase  standard  gage  electrification  in  Switzer- 
land. The  traffic  consists  largely  of  passenger 
trains,  of  which  about  20  run  daily  in  both  di- 
rections. Four  freight  trains  a  day  are  also  opera- 
ted. All  trains  are  handled  by  motor  cars. 

The  accompanying  map,  fig.  476,  shows  the 
location  of  the  electrified  lines  of  the  Seethal 
Railway. 

205.53  Class  C— Light  Service  Railroads— 
Bernina  Railway :  This  is  a  passenger  railroad  jn 
the  Engadine,  with  a  large  tourist  traffic.  It 
extends  from  St.  Moritz,  5,423  feet  above  sea 
level,  through  the  famous  Bernina  Pass  at  an 
elevation  of  6,880  feet,  to  Tirano,  Italy,  at  an 
elevation  of  1,300  feet.  The  line  has  a  total 
length  of  37.7  route  miles.  Very  heavy  grades 
with  a  maximum  of  7  per  cent  exist  on  both  sides 
of  the  Bernina  Pass.  The  average  grade  over 
the  line  is  4.77  per  cent.  These  are  the  heaviest 
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FIG.  476.    ELECTRIFIED  LINES  OF 
THE  SEETHAL  RAILWAY 

grades  to  be  found  on  Swiss  adhesive  railroads. 
At  St.  Moritz  the  road  connects  with  the  newly 
electrified  Rhatische  line  to  Schuls,  and  at  Tirano 
with  the  terminal  of  the  Valtellina  Railway. 
The  Bernina  Railway  is  of  one  meter  gage  and 
is  typical  of  Swiss  narrow  gage  lines.  It  has  a 
heavy  passenger  traffic  handled  by  motor  car 
trains.  The  electric  system  employs  direct  cur- 
rent at  750  volts,  with  an  overhead  trolley  wire. 
Power  is  generated  in  a  hydro-electric  plant  as 
high  tension,  three-phase  current,  transmitted 
and  converted  to  direct  current  in  the  usual  man- 
ner. Trains  vary  in  weight  from  45  to  150  tons, 
and  speeds  vary  according  to  the  grade  from  1 1  to 
28  miles  an  hour.  Electric  operation  was  begun  in 
July,  1908,  and  the  line  subsequently  equipped 
in  sections  until  its  completion  in  July,  1910. 

The  accompanying  map,  fig.  477,  shows  the 
location  of  the  electrified  lines  of  the  Bernina 
Railway. 

205.54    Class  C— Light   Service  Railroads - 
Rhatische  Railway:      This  is  an  electrification  of 
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FIG.  477.    ELECTRIFIED  LINES  OF 
THE  BERNINA  RAILWAY 

that  portion  of  the  Rhatische  Railway  extending 
from  St.  Moritz  to  Schuls,  and  of  a  branch  from 
Samaden  to  Pontresina.  The  gage  is  one  meter 
and  the  maximum  grade  is  2.5  per  cent.  The 
railroad  is  an  example  of  a  light  service  line  pos- 
sessing a  traffic  principally  of  excursion 
business  conducted  by  locomotive  trains. 
The  system  of  traction  employs  single- 
phase  alternating  current  at  i 0,000  volts 
with  overhead  trolley  wire.  The  maxi- 
mum weight  of  trains  is  200  tons  and 
the  average  speed  about  17  miles  an 
hotir,  with  a  maximum  speed  of  2  7  miles 
an  hour.  The  road  was  placed  in  opera- 
tion in  1913. 

The  accompanying  map,  fig.  478. 
shows  the  location  of  the  electrified  lines 
of  the  Rhatische  Railway. 

205.55  Class    C  —  Light    Service 
Railroads — Technical    Characteristics : 
Table  CCXXXVI  presents  a  summary 
of  the  general  and  technical  character- 
istics of  electrifications  of  Swiss  steam 
railroads   included  in   Class  C — -Light 
Service  Railroads. 

205.56  Swiss  Electrification  Projects 
under  Construction  or  in  Contemplation : 

The  electrification  of  the  St.  Gotthard     FIG.  478. 


Railway,  now  (1914)  in  progress,  marks  a  most  im- 
portant electrical  undertaking  of  the  Swiss  Federal 
Railways.  The  plan  contemplates  electrification 
of  the  entire  railroad  from  Lucerne  to  Chiasso,  on 
the  Italian  frontier,  a  distance  of  approximately  1 40 
miles.  Initially,  however,  only  the  section  between 
Erstfeld  and  Bellinzona  will  be  equipped,  a  dis- 
tance of  about  68  miles  including  the  northerly 
grade  section,  the  St.  Gotthard  tunnel  and  the 
southerly  heavy  grade  section.  The  St.  Gotthard 
Railway  is  the  first  of  the  two  through  routes 
which  have  been  established  from  Italy  to  the 
north  of  Europe  via  Basel  to  Calais,  on  the 
English  Channel.  Of  the  68  miles  included  in 
the  initial  electrification,  about  19  miles,  or  28 
per  cent,  are  in  tunnel.  The  main  tunnel  at 
the  summit  of  the  pass  is  9.25  miles  long  and 
3,800  feet  above  sea  level.  Construction  on 
the  tunnel  was  begun  in  1872  and  completed  in 
1880,  a  considerable  period  of  time  before  the 
approaches  connecting  its  north  end  with  Lake 
Lucerne  and  its  south  end  with  the  Italian  lake 
district  were  completed.  These  approaches  in- 
volved difficult  engineering  problems,  and  in  or- 
der to  keep  the  grades  within  the  limit  of  2.6  per 
cent  it  was  necessary  to  resort  to  line  lengthening 
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TABLE  CCXXXVI.     SUMMARY  OP  GENERAL  AND  TECHNICAL  CHARACTERISTICS  OP  SWISS  STEAM  RAILROAD 
ELECTRIFICATIONS.  CLASS  C  -  LIC.HT  SERVICE  RAILROADS 


Details 

Burgdorf-Thun  Railway 

Hhatiarhe  Railway 

Kriboiirg-Morat* 
Anet  Railway 

4 

1  ow  t'-n-i'iji  <liri'«  I  riim-nl 

Third  rail  .  . 
•Over  running 

lt>  rnma  Hallway 

l.<>w  tension  diiwt  current 

Overhead  trolley 
13ft.  H-,m  .min  ,  Itfft  hm 
max  ,  above  tracks 
<-'opper    02!)    in.    »<|uiv. 

1 

2 

1 

General; 

l-phane  alternating  current 

Miutl—phasr    alternating 

'I'nn.luctart: 
l\  p.-  of  working  conductor 

17  ft.  0  in.  above  track.  . 
Two  copper  wires  O.:u   in 

IB  ft.  Sin.  above  track..  .  . 
Copper    0  .ill!    in.    c<|iiiv 

Siie  and  material  

Steel  50  lb  per  vd 

•.Ming  -I..- 

MINN)    :i  pli:i«e 

Two  part  sliding  bow  trolley 

lti.000,  ,1-phase  
".111.  It-phase  

Purchased     from      Kander 
Station.       Hern       Power 

Tr,>lley  l,.,w 

-'.'..IXJO,  3-phase 
'"*}.  direct.,  .                ..... 

Purchased    from    Briwio 
Power  Company 

.'1  hydro-fleet  rie 
Campo  C'ologno.  .Snjento 
and  Robbia. 

None  ..'.. 

None 
None 
None 

Transmission  voltage  
Contact  voltage  

Power  Gtaeralion: 
Owner  of  plant  

•.M.OtK),  3-phase  
10,000,  atncjv-phttadafc 

MO,  ,lu.     • 

Purchased  from  Canton  .,( 
Fribourg    .  .            

Purchased  from   Hru*io 
Power  Company  

J  hydro-elect  rir  
Mrusio  and  Hobbia  

.'.600  kw. 
None  
A.C.  at  23,000  v. 
\one.    .      .              

Location  

Spiel  

Hauterive  near  FrilMiurj! 

Number  of  generators  (totnlt        

None  

None.  . 
None. 
None 

None 

None 

None.  .                        

Type 

None 

None                           

Hating  (b  h  p  )                                     .    . 

None 

None      

None                       

None  
23  53 

High  Ttnsion  Transmission: 
1  i-rdere  (circuit  miles)  — 

30 

None  

15.  .  . 

Underground  (insulated  cable) 

None  

None  

None  

None 

3-phase,  5O-cycle  . 
ZS'oOOac 

4  motor-generator 
10.4  

Voltage 

16000  a  c 

23,000  a.  c  

8,000  a.c.     . 

Substations: 
Number  and  type  ,  

15  static  
1  63 

One  motor-generator 
None    

2  rotary 

10 

Capacity  (total)  
Si«e  of  rotary  converter  units  
Size  of  transformer  units  

Rolling  Stock: 
Locomotives  or  motor  cars  used  

2,  100  kv-a  
None 

2,liOOkv-a  
l.SOOkw.  motor-genemtor 
1,000  kv-a  

760  kw  
190  kw 

l.760kw. 
220  kw.  motor-Kenerator  .  . 
440  kv-a  

Motor  care    . 
17  passenger,  1  freight 

None    . 

140  kw  
Locomotives  and   motor 

50  kv-a  

Motor  care  
4  motor,  7  trailer    

None 

14  locomotives  
60  5-143              

3  locomotives,  freight  and 
passenger,  6  motor  cars, 

Train  weight  (average)  excluding  loco- 

passenger  88,  freight  198  . 
(A)  0-4-0 

Locomotises: 

(A)  2-1-2  
(B)  2-8-2 
(C) 
All 

(B)  >•  40    1  to  IK)  (1  
.0  ( 
(A) 

None 

(B)  0-4-4-0 

None. 
None 

(  A)  33  0 

(B)  46  2 

(A)  66000         

\.  1 

None                     

Geared  side-rod  drive  

(B)2 
1C)  2 
\       I!)  Geared  side-rod 
drive 

None  

43  

Capacity  per  motor  (h.p.,  1-hr,  rating) 
Tractive  effort  of  locomotive  (lb.,  1-hr 

None                       

(C')  Direct  side-rod  drive 
I  \)  30O 

(B)  250                       

•  Hi  ::IHI 
.(•)  im 
\                  

Nun.-  

Non..                 

(  \)  9  930 

(B)  7,100     

(B) 
(C) 
(A)  17.5  
(B)  to 
(027 

None  ".. 

Normal   speed  of   locomotive    (ratcc 
load  on  level  track),  mi.  per  hr.  .  .  . 

Motor  Cart: 
Weight    excluding  passengers     (tons 

(A)  11  2* 

(B)  26  It          

(A)  36.3. 
<B)46  2 

(A)  48  

35  2                        

fifi 

Vimr 

Number  of  motors  

4     .                                           None  

(B)56 

4... 

Capacity  per  motor  (h.p.,  1-hr,  rating 

Trailer  Cars: 
Weight   excluding    pasaengers    (tons 
2,000  lb.)  
SeatiriB  capacity  .  .  . 

60  None  

11-15.4  ,  None  
HO...                                         None  

100  
9  9-16.  A  

75  
9.3  

*  Two  speeds,  changeable  BMT1. 
t  Pour  speeds,  changeable  poles. 
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by  means  of  spiral  tunnels.  When  this  expedi- 
ent was  proposed  it  was  much  criticized,  engi- 
neers being  of  the  opinion  that  it  would  be 
safer  to  haul  the  cars  up  to  the  main  tunnel  on 
inclined  planes.  The  original  plan  was  adhered 
to,  however,  and  the  line  was  finally  opened  for 
through  traffic  in  June,  1882. 

The  purposes  of  the  electrification  of  this  road 
are  several.  First,  it  is  expected  to  increase  the 
capacity  of  the  crowded  line  as  the  result  of  an 
increase  in  speed,  on  the  heavy  grade  portions, 
over  that  now  possible  by  operation  with  steam 
locomotives;  second,  it  is  intended  to  overcome 
trouble  arising  from  smoke  in  tunnels  which,  with 
the  growth  of  traffic,  has  become  increasingly 
serious  not  only  in  the  main  tunnel  but  in  the 
numerous  shorter  ones;  and  third,  it  is  estimate! 
that  electric  operation  will  effect  economies  not 
possible  under  steam  operation  because  of  high 
cost  of  coal.  Hydro-electric  power  is  available. 

Electric  locomotives  will  haul  both  passenger 
and  freight  trains  over  the  entire  line.  The  speed 
of  trains  will  be  increased  by  the  use  of  electric 
locomotives  of  a  capacity  greater  than  that  of 
the  light  steam  locomotives  at  present  employed. 
Plans  for  the  electrification  are  being  made  with 
the  intention  of  using  the  single -phase  alternating 
current  system  of  traction.  Two  hydro-elect  rie 
plants  are  under  construction,  one  at  Amstcg,  at 
the  north  end  of  the  main  tunnel,  and  the  other 
at  Piotto,  at  the  south  end.  These  plants  will  be 
initially  of  3S,ooo-horse-power  capacity  each,  and 
either  station  alone  will  be  capable  of  handling 
the  entire  load.  Current  will  be  stepped  up  to 
60,000  volts  in  the  generating  stations  and 
transmitted  at  that  voltage,  probably  by  cables, 
to  substations  along  the  line,  where  it  will  be 
stepped  down  to  15,000  volts  and  fed  to  an  over- 
head contact.  A  preliminary  credit  of  $7,700,000 
has  been  granted  by  the  government  for  this 
electrification,  and  it  is  expected  that  the  work 
will  be  completed  in  the  year  1918. 

ITALIAN  RAILROAD  ELECTRIFICATIONS 
205-57     Character  of  Electrifications  in  Italy: 

Examples  of  heavy  electrification  in  Italy  are  few 
in  number,  but  the  present  situation  as  regards 
electric  traction  in  this  country  is  interesting. 
The  first  installation  of  heavy  electric  traction  was 
completed  in  1902  on  the  Valtellina  line,  and  an 


important  electric  interurban  line  from  Milan  to 
Porto  Ceresio  was  completed  at  about  the  same 
time.  Both  of  these  installations  are  operated  by 
the  Italian  State  Railways.  These  installations 
were  followed  by  a  rapid  development  in  light 
electric  interurban  railroad  traction  throughout 
the  north  of  Italy,  due  to  the  successful  operation 
of  these  lines.  A  few  years  ago  the  State  Railway 
Administration  decided  upon  an  extensive  program 
of  electrification,  which  was  inaugurated  on  the 
Giovi  line  now  in  operation.  It  is  contemplated, 
under  the  present  plan,  to  electrify  within  the 
next  few  years  more  than  1,200  miles  of  line,  or 
about  one-sixth  of  the  total  mileage  of  the  Rete 
Adriatica,  about  25  per  cent  of  which  has  been 
completed  within  the  last  two  years.  The  lines 
to  be  electrified  and  those  projected  consist,  in 
general,  of  heavy  grade  railroads  in  a  mountainous 
country.  The  high  and  continually  rising  price 
of  coal,  which  during  1912  averaged  about  $7.00 
a  ton,  and  the  numerous  opportunities  for  hydro- 
electric developments  were  the  influencing  factors 
in  the  plan.  These  power  developments  will  be 
made  by  private  companies  with  which  the  gov- 
ernment has  contracted  for  the  necessary  electric 
energy  for  the  proposed  traction  requirements. 

The  following  figures  show  the  mileage  already 
electrified: 


DIRK  I    i  I   KKI-M 

Milan-Potto  Ci 


Kill    11    MM  I  -.       IKAC  K  MILKS 

•      •     455"     •      .        77.. S" 


THREE-PHASE    Al.TK  RNATING   rirRRKM 

ValU-llina 90.40     .  .  112.40 

Giovi 18.80     .  .  54  5" 

Mt.  (Ynis  (Bussolenu  '                         .      .     37.00     .  .  71   <*> 

Turin-I'iniTolo 34.20     .  .  44.80 

Branches  of   the  Giovi   (Sutvursale   <li 

(iiiivii 13.60     .  .  27.20 

Lines  around  Genoa  and  the  Harbor       37 . 90 

Gcnoa-Savona 24  .  Ko  43-5° 

Savona-Ccva 31  oo     .  .  39.60 

Total  miles  of  track  equipped  with  three-phase  a.c.  .  431 .50 

Total  miles  of  track  equipped  with  third  rail  d.c.  .  77 ..so 

205.58  Class  A  — Trunk  Line  Railroads  — 
Italian  State  Railways:  The  Giovi  Railway,  one 
of  the  most  important  trunk  line  railroads  in 
Italy,  connects  Genoa,  the  greatest  shipping  cen- 
ter, with  Milan,  the  largest  manufacturing  city 
of  Italy.  The  freight  traffic  on  this  line  is  heavy. 
On  the  section  from  Genoa  to  Busalla  the  grades 
are  long  and  heavy,  varying  from  2.8  per  cent  to 
3.5  per  cent  in  the  open  and  averaging  2.9  per  cent 
in  the  tunnels.  Near  the  summit  of  the  mountain 
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range  is  the  Giovi  tunnel,  more  than  two  niik-s 
in  length.     The  electrified  line  includes  the  i>"t 
tion  on  the  southern  slope  of  the  mountains.     The 
road  is  of  double  track  construction  throughout. 

Some  years  ago  it  was  found  necessary  to  relieve 
the  Giovi  line  of  part  of  its  traffic  in  order  to  avoid 
serious  congestion  and  possible  demoralization  of 
operation.  For  this  reason  a  second  double  track 
line  was  built  from  Campasso,  near  Genoa,  to 
Ronco.  This  second  line,  known  as  the  Succur- 
sale  di  Giovi,  was  built  with  much  easier  grades 
but  with  a  greater  number  of  tunnels,  one  of  which 
is  five  miles  in  length.  The  maximum  grade  is 
i .  7  per  cent,  and  the  line  is  only  one  kilometer 
longer  than  the  old  line.  The  limit  of  capacity 
under  steam  operation  on  both  these  lines  was 
reached  in  1910,  and  the  necessity  for  relief 
became  imperative.  An  increase  in  the  number 
of  tracks  was  not  possible  either  from  a  financial 
or  from  an  engineering  viewpoint.  Existing  legis- 
lation limited  the  speed  of  steam  trains  on  heavy 
up-grades  to  18.6  miles  an  hour,  while  electrically 
hauled  freight  trains  were  permitted  to  operate 
at  a  speed  of  28  miles  an  hour  over  the  same 
grades.  It  was  therefore  decided  that  electric 
traction  offered  the  best  solution  of  the  problem 
of  increasing  the  capacity  of  the  line.  Recently 
the  second  or  Succursale  di  Giovi  line  was 
equipped  for  electric  operation. 

The  Campasso  terminal  is  used  principally 
for  freight  transferred  to  steamers,  while  that  at 
Sampierdarena  is  used  for  passenger  traffic  and 
local  freight.  Trains  consist  normally  of  20  cars 
averaging  19  tons  each  and  are  hauled  by  two 
electric  locomotives,  one  at  the  head  and  one  at 
the  rear. 

The  trains  are  run  on  a  15 -minute  headway  dur- 
ing a  working  day  of  18  hours.  The  locomotives 
weigh  60  tons  each  and  are  equipped  with  two 
i  ,ooo-horse-power  motors.  A  speed  of  28  miles 
an  hour  has  been  fixed  for  all  up-grade  trains  with 
the  exception  of  a  few  specials.  On  the  down- 
grade the  speed  is  28  miles  an  hour  for  passenger 
and  14  miles  for  freight  trains.  On  the  down- 
grade trip  from  Busalla  to  Genoa,  the  regen- 
erative system  of  electric  braking  is  used,  and 
trains  return  from  700  to  1,400  kilowatts  to  the 
overhead  line. 

Power  is  supplied  by  a  steam  power  plant  lo- 
cated at  Genoa  on  the  waterfront  of  the  harbor, 


while  an  additional  supply  is  purchased  directly. 
The  steam  power  plant  is  conveniently  located 
for  the  delivery  of  coal  in  lighters  and  the  use  of 
sea  water  for  the  condensers.  The  equipment 
consists  of  two  s.ooo-kilowatt  horizontal  turbo- 
alternators  generating  three-phase  current  at 
15,000  volts,  15  cycles.  Power  is  transmitted 
by  independent  three-phase  transmission  lines 
to  eight  static  transformer  substations  located 
along  both  lines.  At  the  substations,  the  power 
is  stepped  down  to  3,000  volts,  15  cycles,  three- 
phase,  and  fed  to  the  overhead  contact  wires. 

The  electric  traction  has  proved  successful. 
The  limitations  of  the  three-phase  system  as  to 
speed  variation  are  considered  an^  advantage  on 
a  line  of  this  character. 

General  characteristics  of  this  electrification  are 
as  follows: 

DATE   OF    INITIAL    ELECTRIC    OPERATION 

Busalla  to  Pontedecimo 1910 

Pontedecimo  to  Campasso 1911 

Rivarolo  to  Sampierdarena 1913 

Rivarolo  to  Ronco,  and  Busalla  to  Ronco     .  1914 

MILEAGE 

Total  route  miles 32 . 4 

Total  track  miles 119.6 

TRAIN    SERVICE 

Freight Locomotives 

Passenger Locomotives 

AVERAGE    NUMBER    OF   TRAINS    DAILY* 

Passenger 12  up-grade 

6  down-grade 

Freight 20  up-grade 

13  down-grade 

ELECTRIC   TRAIN    EQUIPMENT* 

Freight  and  passenger  locomotives     ...  24 

TRACTION    POWER    REQUIREMENTS* 

Maximum  load,  kw 5,000 

Total  per  annum,  kw-hr 8,000,000 

Certain  other  portions  of  the  State  Railways 
in  Piedmont  and  Liguria  have  recently  been 
equipped  for  electric  operation.  These  include 
the  Genoa-Savona  and  Savona-Ceva  lines  and 
the  Mt.  Cenis  Railway. 

The  Genoa-Savona  and  Savona-Ceva  lines  are 
sections  of  the  State  Railways  and  in  most 
respects  are  similar  to  the  Giovi  electrification. 
The  Genoa-Savona  section,  about  25  route  miles 
in  length,  runs  along  the  Gulf  of  Genoa  between 
the  two  cities  and  has  easy  grades.  The  Savona- 
Ceva  line,  extending  inland  about  31  miles  from 
Savona,  has  40  miles  of  track  and  maximum 

*  Dots  not  apply  to  the  Soccunale  di  Oinvi. 
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grades  of  2 . 5  per  cent.  Electrification  was  un- 
dertaken to  relieve  congestion  and  increase  the 
capacity  of  the  road,  which  had  reached  its  maxi- 
mum under  steam  operation.  The  elimination 
of  smoke  in  the  tunnels  was  also  a  controlling 
factor.  These  two  lines  transport  all  the  through 
traffic  for  the  Province  of  Piedmont  by  way  of 
Alessandria.  Trains  varying  from  200  to  600 
tons  trailing  load  are  hauled  by  one  and  three 
locomotives,  respectively,  of  the  Giovi  o-io-o  type. 
The  three-phase  system  of  electric  traction  simi- 
lar to  that  in  use  on  the  Giovi,  with  contact  of  3,700 
volts,  1 6  3  cycles,  has  been  adopted.  Power  is  pur- 
chased from  a  private  company  which  has  installed 
and  maintains^the  five  substations  and  the  trans- 
mission system.  Operation  began  early  in  1914. 

The  Mt.  Cenis  Railway  is  an  important  line 
in  northern  Italy,  connecting  Turin  with  points 
in  eastern  France  by  way  of  the  Mt.  Cenis  Tunnel, 
and  is  on  the  main  line  from  Milan  to  Paris. 
The  3  7 -mile  electrified  section  extends  from 
Bussoleno,  just  west  of  Turin,  to  Modane  in 
France,  and  the  ruling  grade  is  about  3  per  cent 
with  more  than  45  per  cent  of  the  road  in  tunnels. 
About  22  miles  of  the  section  are  double  tracked. 
The  primary  object  of  electrification  was  to  elimi- 
nate smoke  in  the  tunnels  and  to  increase  the 
capacity  of  the  line.  About  16  passenger  and  32 
freight  trains  are  operated  daily,  at  speeds  of  30 
and  1 5  miles  an  hour,  respectively.  Train  weights 
vary  from  200  tons  with  one  locomotive  to  600 
tons  with  three  locomotives.  The  locomotives 
are  of  the  Giovi  type.  The  three-phase  system 
of  electric  traction  with  contact  potential  of  3,300 
volts,  i6f  cycles,  is  used.  At  present,  power 
is  purchased  from  the  municipality  of  Milan  and 
is  transmitted  to  the  Bardonnecchio  substation, 
where  the  frequency  is  reduced  to  i6|  cycles  by 
means  of  flywheel  motor-generator  sets  and  the 
power  distributed  to  four  other  substations  along 
the  line.  Operation  began  in  July,  1912,  over  the 
Bardonnecchio -Salbertrand  section,  and  other 
portions  of  the  line  were  opened  as  completed. 

The  accompanying  map,  fig.  479,  shows  the 
location  of  the  important  Italian  trunk  line  elec- 
trifications. 

205.59  Class  A— Trunk  Line  Railroads- 
Technical  Characteristics:  Table  CCXXXVII 
presents  a  summary  of  the  general  and  technical 
characteristics  of  electrifications  of  Italian  steam 


railroads  included  in  Class  A — Trunk  Line  Rail- 
roads. 

205.60  Class  B — Secondary  Railroads — Ital- 
ian State  Railways:  The  Turin-Pinerolo  Railway 
is  a  single  track  line  in  the  Province  of  Pied- 
mont. It  is  about  34  miles  long  and  has  a 
total  track  mileage  of  45.  The  road  is  relatively 
straight  and  the  grades  are  i .  i  per  cent  maxi- 
mum. The  three-phase  system  of  traction  is 
used  with  a  working  potential  of  3,700  volts,  16 
cycles.  Power  is  purchased  and  transmitted  to 
a  single  substation  where  the  voltage  is  reduced. 
Traffic  is  conducted  by  locomotive  trains. 

The  Valtellina  Railway,  the  electrification  of 
which  was  completed  in  1902,  consists  of  three 
divisions  forming  a  "  Y,"  of  which  Chiavenna  and 
Sondrio  represent  the  upper  extremities,  Monza 
the  lower  point,  and  Colico  the  intersection  of 
the  three  lines.  The  system  embraces  about  90 
route  miles.  The  mileage  of  the  several  branches 
is  as  follows: 

MILES 

Monza  to  Lecco 24.40 

Locco  to  Colico 23  75 

Colico  to  Sondrio 25 . 50 

S<  .mine  to  Chiavenna 16.75 

About  50  per  cent  of  the  road  is  located  on 
curves  and  30  per  cent  in  tunnels.  The  heaviest 
grade  is  about  two  per  cent  and  the  shortest 
curve  radius  is  910  feet. 

There  were  several  reasons  for  the  electrifica- 
tion of  this  line,  which  was  previously  operated 
by  steam.  Foremost  of  these  were  the  facts 
that  coal  was  expensive  and  that  the  Italian 
State  Railways  controlled  numerous  water  power 
sites  suitable  for  power  generation.  The  grades 
and  numerous  tunnels  along  the  line  also  made 
steam  operation  difficult  and  objectionable,  and  it 
was  expected  that  the  absence  of  smoke  in  the  tun- 
nels and  the  increased  facilities  afforded  by  elec- 
tric operation  would  stimulate  the  tourist  traffic. 

The  road  has  a  heavy  summer  passenger  traffic 
owing  to  the  fact  that  the  terminals,  Chiavenna 
and  Sondrio,  connect  with  the  Spliigen,  Bernina, 
Stelvio  and  Maloja  Passes,  which  lead  to  the 
Austrian  Tyrol  and  the  Engadine.  The  road 
also  has  a  large  freight  traffic  in  wines,  and  raw 
materials  for  the  numerous  industries  along  the 
line.  Both  passenger  and  freight  services  are 
handled  by  motor  cars  and  electric  locomotives. 
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The  three-phase,  3,ooo-volt,  alternating  current 
system  with  double  overhead  trolley  wires  is  used. 
Power  is  generated  at  the  Morbegno  hydro- 
electric station  as  three-phase  current  at  20,000 
volts,  and  is  transmitted  at  this  voltage  to  sub- 
stations in  which  3,ooo-kilovolt-ampere  transform- 
ers step  down  the  high  tension  current  to  the  line 
pressure.  The  rolling  stock  consists  of  10  motor 
cars  and  15  freight  and  passenger  locomotives. 
The  motor  cars  weigh  about  53  tons  equipped, 
and  are  capable  of  hauling  from  five  to  seven 
trailer  cars  of  from  ten  to  twelve  tons  weight,  at 
a  speed  of  40  miles  an  hour  on  a  one  per  cent 
grade.  The  locomotives  are  of  the  o-8-o,  o-io-o 
and  2-6-2  types. 

The  map,  presented  as  fig.  480,  shows  the 
location  of  the  electrified  lines  of  the  Valtellina 
Railway. 

205.61  Class  C — Light  Service  Railroads  — 
Italian  State  Railways:  The  Milan-Porto  Cere- 


sio  line  is  a  third  rail  direct  current  railroad  of 
the  interurban  class,  but  it  forms  an  important 
transportation  system  between  the  largest  city 
in  northern  Italy  and  numerous  suburban  towns. 
It  also  handles  a  large  excursion  business  to  the 
lake  district.  In  amount  of  business  conducted 
and  in  the  speed  of  its  trains,  it  is  regarded  in 
Italy  as  an  important  railroad.  The  road  repre- 
sents one  of  the  pioneer  electrifications  of  the 
country.  It  was  built  by  a  private  company  and 
later  taken  over  by  the  state.  It  extends  as  a 
double  track  line  from  Milan  to  Gallarate,  25 
miles,  thence  as  a  single  track  lihe  for  a  distance 
of  20  miles  to  Porto  Ceresio  on  Lake  Lugano. 
Two  single  track  branches,  both  operated  by 
steam,  leave  the  line  at  Gallarate  and  extend 
respectively  to  Laveno  and  to,  Arona  on  Lake 
Maggiore.  About  160  trains  a  day  are  operated 
at  a  maximum  speed  of  about  56  miles  an  hour. 
Until  recently  all  trains  consisted  of  motor  and 
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TABLE  CCXXXVII      SUMMARY  OF  GENERAL  AND  TECHNICAL  CHARACTERISTICS  OF  ITALIAN  STEAM  RAILROAD 

ELECTRIFICATIONS.  CLASS  A— TRUNK  LINE  RAILROADS 


Details 

1 

Gtneral: 

System  of  traction 

Conductors: 

Type  of  working  conductor 


Giovi  Railway  and  Branches 


Ccnoa-Savona-Ceva  Railway 


Three-phase  alternating  current  .  .     Three-phase  alternating  current 


Mount  Cenis  Railway 
(Buasoleno-Modane) 


Position . 

Sice  and  muti-rml . 


Type  of  collector 

Transmission  voltage  .  .  .  . 
Contact  voltage 


Power  Generation: 
Owner  of  plant . 


Number  of  plants  ami  typ< 

Ixx-ation 

Plant  capacity  (total.  1-hr,  rating) 

N'linilMT  of  KrneiMlors  (total) 

Hating  and  type 




14  ft.,  I  in.,  minimum.  21  ft..  0  in., 
maximum,  above  track* 

J  ill. III. le    ">p|«'r,   (III    "I     «>niflli:il 

installation)  equiv  -h.-ini  .  o  :c_*  in 

i-'iuiv    ill-tin     '  III-WIT  linen) 

J-puri  MiilniK  !>"«  tri.ll'-y 
l.VXIO.  :l-ph:i»e 

HU" 


H:II|W.-I\  Company 
i    <.!•  <  trie*.  .  . 


Overhead  troll'  •  

Mil.  '.i  in  .  nnniniiini.  21  ft.,  4  in., 
maximum,  almvc   track- 


Three-phase  alternating  current 


14  ft.,  0  in.,  minimum,  21  ft..  4  in  . 
maximum,  above  tracks 


1>  double  copper,  ():(:.' in  cijuiv  iliam.      2doublt- copper, 0.32 in. equiv. diam. 


2-part  sliding  bow  trolley 
55.000.  3-ph:.- 
.(.TIKI.  3-phM 


hding  lx>w  trolley    . 

.Mi.tNHi.  :t-plm-. 
:t.:«KI.  3 


Type  of  prime  mo1  • 
Number  of  boilers  (total) . 

Type   

Hating  (b.h.p.) 


1    liylro-elerlrir 
*    I  >almauo  di  Tenda 
Ki.oiio'  kv-« 

:..lll»l    k»      i:..l»«l    \    ,    :<-phao-.     !.'»-       '• 

I'Vl. 

Steam  turbine  None 

II  None 

Water-tuU-  None 

400 None 


Piirchnt*cd  Purchased    from    Municipality    of 

Turin 


N,,n.- 
AC',  at 


High  Tension  Tranttmitfion: 
Feeders  (circuit  m 

On  poles  (bare  win-) 

L'ndergiuund  (in»ul»ted  cable) 

Type 

Voltage 

Subttaliont: 

Number  and  type. 


Average  distance  apart  (miles) 
Capacity  (total) 
8ise  of  rotary  r-.ii\  i-rter  unit^ 
Sii"  i>f  transformer  units 


.  ilinril    ii;-fiii:.'l"ii  I  I'l     I 

NOW 

3-phaix',  IS-cyc  '].•  .(-phase. 

15.  UNI   nc.     Minimal   insullati'.i.  •     .V,.m>i 
L'T..-iO<P  :i  i-    i  newer    liiwsi 


•>  - 


71 

:t7.200  kv-n  .TO.OflO  kv-m. . 

' 

7SO     kv-a.     (original      in»tallali"n)     7.V)  kv-t. 
ISOO  kv-a.  (newer  linen) 


i;i,  ii 

3-phase,  .'i«' 
50,000 


1  imitiir-gei.. 


.VK)  kv-a. 


Rolling  Stork: 

Locomotives  or  motor  cars  used Ix*corn 

Number  and  service 14  freight  and  paiwnner 

Train  weight    (average)   excluding  loco- 
motives (tons,  2.OOO  Ib.) 380 


Locomotives . 
200—600 


O-10-O 


Locomotites: 

Class  ...............................  0-1O-O.. 

Total  weight  U..IIN  2.IIOO  ll>  i  (ill 

Weight  on  drivers  lib  I  120.000  120,000  ____ 

\iinil)er  of  motors  ...................  2  _' 

Type  of  motor  ..........  Si.ii    r..  1  iln\e  I>irect  side-rtid  drive 

Capacity  per  motor  i  h  p..  1-hr,  rating)  .  1,000.  I  IKI:I 

Tractive  effort  of  locomotive  (Ib.,  1-hr. 

rating)  ...........................  19..WO  ...........          PI..MKI 

Normal  speed  of  locomotive  (rated  load 

on  level  track),  mi.  per  hr  ..........  28  .............................     28. 

Motor  Can:. 

Weight     excluding 
2.000  Ib.) 


•     • 

200— eoo 


O-lO-fl 
120.000  . . . 

:  side-rod  driv 
1.000 


19.500  . 
28... 


passengers     (tons, 

None 

Seating  capacity None None 

Number  of  motors None 

Capacity  per  motor    (h.p.,  1-hr,  rating)  None None 


Trailer  Cars: 

Weight     excluding     passengers     (tons. 

2,000  Ib.) None . 

Seating  capacity None  . 


None 
None 


V.:.. 
\.   • 

Sam 


None 

v  •. 


*  Power  also  purchased  at  27,500  volts  and  15  cycles. 


trailer  cars,  operated  on  the  multiple-unit  system, 
but  several  79-ton  locomotives  of  the  2-6-2  type 
have  now  (1914)  been  acquired  and  are  used  for 
passenger  traffic.  Power  is  purchased  from  the 
Cairasca  hydro-electric  plant  at  Varzo  near  the 
Simplon  tunnel  and  is  transmitted  to  the  sub- 
stations via  Milan.  Substations  along  the  rail- 


road transform  and  convert  the  power  to  65o-volt 
direct  current,  which  is  fed  into  the  third  rails  in 
the  usual  manner. 

The  operation  of  this  road  was  begun  in  the 
year  1901.  The  electrification  now  comprises 
45.5  route  miles  and  the  equipment  consists  of 
6  locomotives,  41  motor  cars  and  80  trailers. 
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The  map  presented  as  fig.  481  shows  the 
location  of  the  electrified  lines  of  the  Milan- 
Porto  Ccrcsio  Railway. 

205.62  Classes  B  and  C — Secondary  and  Light 
Service  Railroads  —  Technical  Characteristics : 
Table  CCXXXVIII  presents  a  summary  of  the 
general  and  technical  characteristics  of  electrifi- 


cations of  Italian  steam  railroads  included  in 
Classes  B  and  C — Secondary  and  Light  Service 
Railroads. 

U  VI  RIAN    RAILROAD   ELECTRIFICATION^ 

205.63     Character  of  Electrifications  in  Austria : 
No  standard  gage  trunk  line  electrifications  have 


FIG.  480.    ELECTRIFIED  LINES  OF  THE  VALTELLINA  RAILWAY 
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TABLE  CCXXXVIII.     SUMMARY  OF  GENERAL  AND  TECHNICAL 
CHARACTERISTICS  OF  ITALIAN  STEAM  RAILROAD  KI 
TRIFICATIONS,  CLASSES  B  AND  C  — SECONDARY 
AND  LIGHT  SERVICE  RAILROADS 


FIG    481.    ELECTRIFIED  LINES  OF  THE  MILAN- 
PORTO  CERESIO  RAILWAY 


as  yet  been  undertaken  in  Austria.  A  number  of 
narrow  gage  electric  railroads  partaking  of  the 
character  of  interurban  lines  are  in  operation,  and 
in  some  cases  these  roads  conduct  a  fairly  heavy 
train  service  over  lines  with  many  grades  and 
sharp  curves.  The  business  consists  largely  of 
passenger  traffic,  although  in  some  cases  a  limited 
amount  of  freight  is  handled.  The  Government 
Railway  Administration  has  had  electric  traction 
under  consideration  for  a  number  of  years  for 
certain  portions  of  the  trunk  lines,  but  construc- 
tion has  been  deferred  for  various  reasons,  among 
them  being  the  difficulties  of  financing  and  ob- 
jections of  the  War  Department  because  of  the 
problem  of  protecting  electric  construction  in  case 
of  war.  The  projects  which  will  probably  be 
carried  out  first  are  the  electrification  of  the 
Arlberg  Tunnel  line  and  that  of  the  high  speed 
line  from  Vienna  to  Brunn,  a  distance  of  about  90 
miles.  As  regards  electric  systems,  all  roads  of 
any  considerable  length  employ  the  single -phase 
high  tension  current  system. 


Details 

M  ilan-Porto 
Ceresio  Railway 
Cla»C 

Valtcllioa 

i,,  -•. 
System  of  traction  

Type  of  working  conductor 
Position  

Third  rail  

'  Kerhcad  trolley. 
19  ft  ,  8H  in   max 

Steel  00  7  Ib    per 

s'5  in.  .min- 
imum above  it  acks 

Type  of  collector 

50  000  3-phaae 

bow    trolley 
2(1  000    3-phaae 

650  d  c    "" 

3  (NX)    3'phase 

Power  Genrration: 

<  »w  HIT  nf  plant                ,              ... 

Number  of  plant*  nntl  i>  JM 

1  stenm-i'lfrtric  .  . 

1  hydro-olectrir    . 

Plant  rapacity  (total.  1-hr,  rating) 
NumtxT  of  generators  (total)  .... 

4.500  kv-H.... 

Rating  and  type  

7.VI  k«  ,  l:t.200-v. 

I.VWkw  20000-v 

Type  of  prime  mov.-i 

\utnlnT  of  botlen  (total)  ....... 

Cycle. 
| 

3-phaap,  15-cycle 
Hydraulic  turhiticit 
None  

110 

High  TVniion  Trantmitrian: 

-  i  i-in-uit  mile*)  — 

31  2 

I  •iijergnniml  unnulated  cable)  , 

.... 

\    . 

Type 
von  •-• 

50,000  a.  r 
7  rotary 

3-phaae,  15-< 

Si.ooo  ii  e. 

4  5 

Cnpacity  (total) 

u.oonkw      .  .    .. 

.I.HINI  kv-n 

"Si«c  of  rotary  converter  uniu.  .  .  . 

l.ooo  kw  

^iit-  »f  transformer  unit* 

Hotline  Stock: 
Ixx-omctive*  or  motor  car 

1.100  kv-n 
Motorranandlo- 

OOIII"' 

:too  kw.  .  . 

Locomotive*    and 
motor  can  

Train  weight,   average,  eirludinjr 
locomotive  (tons,  2,000  Ib.)  .  . 

inhtlocomo- 
livc,  l\  freight 
and  paaaenger  lo- 
comotivea  
220  paaienger,  440 
freight 

locomotive*  

lAOpanaenger,  400 
freight 

L'tramotirrt: 

Cla««  

(A)  0-8-0.  .  . 

(A)  0-«-0..  . 

•     ' 

(B)  2-6-2 

Total  weight  (tons,  2.OOO  i 

^  M... 

(A)  46.  .  . 

11  •  7s  65 

(B)  HJ 

(C)  60 

Weight  on  driven  (Ib.)  . 

V     77.000 

(A)  92.OOO      . 

(B)  90.000 

>  000  .. 

\mnlH-r  of  motors 

(A)  4..  . 

(C)  120.000  
(A)  4.  .  . 

. 
(C)  2 

Type  of  motor 

(A)  geared 

Capacity   per   motor  (h.p.,    1-hr. 

B)  aide-rod  drivr 
A)  ISO  .  . 

(B    £  C)    aid' 
drive  
(A)  150... 

rating)     .... 

Hi    1.000 

i'B)  6ttO 

Tractive  effort  of  locomotive  (Ib., 

(A)    8.800  .  . 
(B)  19800 

(C)  I.OOO  
<A)   14.400 
(B)  24  360 

Normal  speed  of  locomotivc(nitcd 

\     H.I 

(C)  r.'..->oo  
(A)  20 

B) 

(H)  20-40 

Motor  Cart: 

Weight  excluding  passengers  (tons, 
2.000  Ib.)         . 

A)  45.1.. 
B)  49  5 

(C)  14-28... 

53  

C)  58.3 
A)  73 

(A)  56 

B)  80   . 

(B)  40 

Number  of  motors  

C)  40 

A)  4    

4 

Capacity   per  motor   (h.p.,   1-hr. 

B)  2 
C)  4 
50 

150 

rrailer  Cor*: 

30  

20.  ..    . 

2,000  Ib.)      .  .    .. 

Seating  capacity  

90  

90. 

'  Reserve  steam  plant.     Power  now 
plant  at  Varao,  Italy. 


(1914)  purchased  from  Cairasci  power 
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irchberg 

o  m  E  R 


osmg 

Wienerbru 

Power  and 
Transformer  Sta. 


FIG.    482.    ELECTRIFIED    LINES    OF 

THE  ST.  POLTEN-MARIAZELL- 

GUSSWERK  RAILWAY 

205.64    Class   B  —  Secondary    Railroads — St. 
Polten-Mariazell-Gusswerk  Railway:       The  St. 

Polten-Mariazell-Gusswerk  Railway  is  a  narrow 
gage  line  of  the  Austrian  State  Railways,  com- 
prising about  57  miles  of  single  track.  The  road 
has  numerous  grades  as  heavy  as  2.5  per  cent, 
many  tunnels  and  a  large  amount  of  curvature. 
Electrification  of  this  road,  which  was  previously 
operated  by  steam,  was  undertaken  for  the  pur- 
pose of  increasing  its  capacity,  the  limit  of  which 
had  been  reached  under  steam  operation.  The 
traffic  consists  largely  of  passenger  service  and 
includes  a  heavy  excursion  business  during  a 
portion  of  the  year.  Operation  is  effected  by 
electric  locomotives,  of  which  16  are  in  use  for 


both  passenger  and  freight  service.  The  system 
of  traction  employs  single-phase  alternating  cur- 
rent at  6,500  volts  with  overhead  trolley.  Power 
is  purchased  from  a  hydro-electric  plant  and  a 
reserve  gas-electric  station  is  used  during  the 
seasons  of  low  water. 

The  map,  presented  as  fig.  482,  shows  the 
location  of  the  electrified  lines  of  the  St.  Pdlten- 
Mariazell-Gusswerk  Railway. 


TABLE  CCXXXIX.     SUMMARY    OF    GENERAL  AND    TECHNICAL 
CHARACTERISTICS  OF  AUSTRIAN   STEAM   RAILROAD  ELEC- 
TRIFICATIONS. CLASS  B  — SECONDARY  RAILROADS 


Detail* 

General: 
System  of  traction 

Conductor!.- 

Type  of  working  conductor  . 
Position 


at.  POlten-Mariasell- 
OuMwerk  Railway 


Single-phase  alternating  cur- 
rent   


•Site  and  material 

Type  of  collector 

Transmission  voltage 

Contact  voltage 


Overhead  trolley 

18ft.,  '-•  in. ,  maximum.  12ft  . 
1  in.,  minimum  nhovc  track 
CopperO.  .'i!>  in.  erjuiv.diam. 
Sliding  bow  trolley.  . 

27.0(10.  single-phase 

6,500.  single-phase. 


Owner  of  plant 

Number  of  plants  and  type 


Power  Generation: 

....    Province  of  Lower  Austria.  . 
....     1  hydro-electric    .  . 

,  lg»»-«lectric  (reserve)* ... 

Location Wienerbruck 

Plant  capacity  (total.  1-hr,  rating) 4.500  kv-a 

Numlier  of  generators  (total) 14 

Rating  and  type 3-900  kv-a.-6.500  v.fiingle- 

phase  rating) 

1-1.800  kv-a.-6,500  v.  (three 

-phase,  25-eycle) 

Type  of  prime  mover Hydraulic  turbines 

Number  of  boilers  (total) None 

Type None 

Rating  (b.h.p.) None 


High  Tension  Transmission: 
Feeders  (circuit  miles) — 

On  poles  (bare  wire) 38.6 

Underground  (insulated  cable) None 

Type Single-phase.  25-cycle   . 

Voltage 27.000  a.  . 

Substations: 

Number  and  type 2  static  t 

Average  distance  apart  (miles) 12 

Capacity  (total) •.  .  1.8OO  kv-a 

Su,   of  rotary  converter  unit* None 

Siie  of  transformer  units 900  kv-a 

Rolling  Stock: 

Locomotives  or  motor  cars  used Locomotive* 

Number  and  service 16  passenger  and  freight 

Train  weight  (average)  excluding  locomotive 

(tons,  2.0OO  Ib.) 110 


Locomotives: 

Class 0-6-«-0 

Total  weight  (tons) 49.8 

Weight  on  drivers'  (Ib.) 90.000 

Number  of  motors 2 

Type  of  motors Geared  side-rod  driv 

Capacity  per  motor  (h.p.,  1-hr,  rating) 300 

Tractive  effort  of  locomotive  (Ib.,  V-hr.  rating)  15.400 

Normal  speed  of  locomotive  (rated  load  on 

level  track),  mi.  per  hr 17.3 


Motor  Cart: 

Weight    excluding    passengers    (tons,    2.OOO 
Ib.) 


None. 


.Seating  capacity None 

Number  ol  motors None  . 

Capacity  per  motor  (h.p.,  1-hr,  rating) None. 


Trailer  Cart: 

Weight  excluding  passengers  (tons.  2.000  Ib.) .     None 

Heating  capacity None 

•  St.    Pollen    power    station    contains    1-700     kv-a,    j-pha»e.     ij-cycle 

generators, 
t    Also  a  6,500-volt  feeder  to  line  from  power  station. 
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205.65  Class     B  —  Secondary     Railroads - 
Vienna-Pressburg  Railway:  This  is  a  composite 
direct  and  alternating  current  railroad  operating 
from  Vienna  to  Pressburg,  a  distance  of  42  miles. 
In  the  city  terminals  and  suburbs  of  Vienna  and 
Pressburg,  the  railroad  is  equipped  with  a  600- 
volt,  direct  current  overhead  trolley  and,  in  the 
mid-section  between  the  cities,  high  tension  alter- 
nating current  with  overhead  contact  is  employed. 
The  train  service  is  light.      Locomotives  are  used 
for  both  freight  and  passenger  trains. 

The  map,  presented  as  fig.  483,  shows  the 
location  of  the  electrified  lines  of  the  Vienna- 
Pressburg  Railway. 

205.66  Class  B  — Secondary  Railroads— Tech- 
nical   Characteristics:     Table    CCXXXIX    ] .re- 
sents a  summary  of  the  general  and  technical  char- 
acteristics of  electrifications  of  Austrian  steam  rail- 
roads included  in  Class  B — Secondary  Railroads. 

HOLLANDISH  RAILROAD  ELECTRI- 
FICATIONS 

205.67  Class    B  —  Secondary    Railroads  — 
Holland    Railway — Rotterdam  -  Hague  -  Scheven- 
ingen:     This  is  a  double  track  railroad  extending 
from  the  city  of  Rotterdam  to  The  Hague,  1 6  miles, 
and  to  the  seashore  resort  of  Scheveningen,  4.4 
miles   from   The   Hague.     It   enters   Rotterdam 
over  a  heavy  concrete  viaduct  1.25  miles  long, 
and  the  construction  of  the  roadway  is  substan- 
tial throughout. 

The  railroad  was  constructed  for  the  purpose  of 
handling  a  large  interurban  and  excursion  traffic 
by  frequent  and  rapid  train  service.  Electric 
traction  was  thought  to  be  an  essential  factor  in 
attracting  the  class  of  traffic  desired. 


Passenger  traffic  only  is  handled  and  express  and 
local  trains  are  run  frequently.  The  first  season 
after  the  road  was  opened  52  trains  a  day  were  run 
between  The  Hague  and  Rotterdam  in  an  average 
running  time  of  23  minutes.  The  train  service 
during  the  Scheveningen  bathing  season  calls  for 
144  trains  a  day  and,  with  the  limited  equipment, 
requires  an  average  of  357  car-miles  a  day  for  each 
motor  car. 

In  1900  a  contract  was  entered  into  by  the 
original  promoters  for  the  construction  of  an  850- 
volt,  direct  current  railroad,  generating  power 
at  io,ooo-volts,  three-phase,  and  transmitting  it 
to  two  rotary  converter  substations.  Later  the 
railroad  was  taken  over  by  other  interests  and, 
after  considerable  delay  caused  by  the  difficult 
problems  presented  in  the  way  of  roadway  con- 
struction, it  was  thought  best  to  change  to  the 
single-phase  system  with  a  supported  overhead 
catenary  conductor. 

General  statistics  of  this  electrification  are  as 
follows : 

DATE  OF  ISITIAI    1  1 .11   I  KIC  OPERATION,  OCT.,   I 

IOLKAGI 

Total  route  miles 

Total  track  miles 47.5 

TRAIN   SERVICE 

Passenger Motorcars 

AVERAGE  NUMBER  OF  CARS  PER  TRAIN 

Passenger 2 


\\ikM.i   M  \im  K  "i   IKUN-  IIAII.Y  (BOTH  WAYS) 

Passenger 144  summer 

90  winter 

1  1  K'TRIC    TRAIN    EQUIPMENT 

Motor  cars 21 

Trailer  cars 17 

Locomoti ves  (storage  battery,  for  testing  and 

switching)        2 


FIG.  483.     ELECTRIFIED  LINES  OF  THE  VIENNA-PRESSBURG  RAILWAY 
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TRAIN-MILKS    I'KR    ASM   M 

•.400 
CAR-MILKS    l'1-.K    ANNl'M    (1913) 

Passenger 1,2.^8,600 

I  KM    IIIIN    I'I>WI-K    Kll.lt    IKI-.MI   Ms       K)I3) 

Maximum  louil,  k\v 3,ooo 

Tutal  |HT  annum,  kw-hr 5,436,000 

The  accompanying  map,  fig.  484,  shows  the 
location  of  the  electrified  lines  of  the  Holland 
Railway. 


leisdreieck 

Nootdorp-Veenwcg 


Nieuwkoo 

A\N    D 


FIG.  484.    ELECTRIFIED  LINES  OF 
THE  HOLLAND  RAILWAY 

(Rotterdam-Hague-Scheveningen) 

205.68  Class  B  —  Secondary  Railroads  —  Tech- 
nical  Characteristics:     Table  CCXL  presents  a 
summary  of  the  general  and  technical  character- 
istics of  electrifications  of  Dutch  steam  railroads 
included  in  Class  B  —  Secondary  Railroads. 

NORWEGIAN  AND  SWEDISH  RAILROAD 
ELECTRIFICATIONS 

205.69  Character  of  Electrifications  in  Norway 
and  Sweden :     Much  interest  is  being  exhibited  in 
Norway  and  Sweden  in  the  subject  of  railroad 
electrification,  due  to  the  fact  that  there  exist 
many  possibilities  for  the  development  of  hydro- 
electric   power    plants,    while    coal    for    steam 
locomotive  fuel  must  be  imported  and  is  expen- 
sive.    A  number  of  large  hydro-electric  plants 
have    already    been    established,    primarily    for 
electro-chemical  industries,  and  power  from  these 
plants  is  available  for  electric  railroads. 

205.70  Class    B  —  Secondary    Railroads  — 
Rjukan  Railway  (Norway):      The  Rjukan  Rail- 
way in  southern  Norway  was  built  in  igo8  and 


operated  as  a  steam  line  until  191 1  when  it  was 
equipped  for  electric  operation.  It  is  a  standard 
gage  single  track  line  operated  chiefly  in  the 
interests  of  the  extensive  saltpetre  industries  at 
Saaheim.  One  section  of  the  railroad  extends 
from  Saaheim  to  Vestfjorddalen,  on  the  banks 
of  the  Tinnsjo  Lake,  whence  traffic  is  handled  by 
transfer  steamers  for  a  distance  of  15  miles  to 
Tinnoset.  From  Tinnoset  the  road  continues 
for  a  distance  of  about  19  miles  to  its  terminus 
at  Notodden.  From  this  latter  point  extensions 
to  the  south  are  under  construction.  Over  the 

TABLE  CCXL.    SUMMARY  OP  GENERAL  AND  TECHNICAL  CHAR- 
ACTERISTICS OF  DUTCH  STEAM  RAILROAD  ELECTRIFI- 
CATION'S. CLASS  B— SECONDARY  RAILROADS 


Hi-tails 

General: 

'••in  uf  traction 

Conductors: 
Type  ot  working  conduct. ,r 

Position 

Si«e  and  material 

Type  of  collector 

Transmission  voltage    

Contact  voltage 


Holland  H.-illwny 
;  Hotter. Inn, 

S.'licverillljretl) 


Single-phase  alternating  cur- 
rent  

Overhead  trolley 

18  ft.  above  track 

Copper  0 . 44  in. equiv.  diam. 

Sliding  bow  trolley 

10.IXXI,  single-pfuuu- 
10,000,  single-phase 


/'oirirr  Veneration: 

Owner  of  plant 

Number  of  plants  and  type 

Location 

Plant  capacity  (total.  1-hr,  rating) 
Nuinlw-r  of  generators  (total) 
Rating  and  type 


Type  of  prime  mover 

Number  of  boilers  (total) 

Type 

Rating  (b.h.p.) 

Ilioh  Teruion  Trannmiuion: 
Feeders  (circuit  miles) — 

On  poles  (bare  wire)    

I  inliTgroiind  (insulated  cable) 


Railway  Company . 
1  steam-electne 

Leidflchendam 

5.70O  kv-a 


2-8.50  kv-a.     2-2.0(10  kv-a. 
5,000-v.  /{-phase.   23-ryrle 

Steam  engines 

.Steam  turbines 


270 


Voltage 10,000  a.c 


None 

.Single-phase,  25-cycle 


Number  and  type 

Avenue-  distance  apart  (miles) 

Capacity  (total). 

Si/'-  of  rotary  converter  unit*    . 
Size  of  linnsformer  units 


None 
None 

N    B 

\  • 

None  . 


Rolling  Stock: 

Locomotives  or  motor  cars  used Locomotives  and  motorcars* 

Numlirr  and  service 2  locomotive*.  Jl  motorcars, 

17  trailers  . 
Train  weight  (average) excluding  locomotive 

(tons.  2,000  Ib.) N,.,,. 

Locomotitet: 
Class 

Total  weight  (tons.  2.000  Ib.)    

Weisht  on  drivers  (Ib.) 

Number  of  motors 

Type  of  motor 

Capacity  per  motor  (h.p..  1-hr,  rating)  . 

Tractive  effort  of  locomotive  Jb.  1-hr,  rating)  !  

Normal  «pe<>d  of  locomotive    (rated  load  on 
level  track),  mi.  per  hr    

Motor  Cart: 
Height    excluding    passengers    (tons,    2.000 

Ib.  I 56.7  . 

Seating  capacity ,  i  56  . . 

'  73  ... 

Number  of  motors !  2  .... 

Capacity  per  motor  (h.p..  1-hr,  rating) j  180  . . 

TraiUr  COM: 


Weight,    excluding 

Ib.l  

Seating  capacity 


(too*.  2.000 


34  1 


•Storage  battery  locomotive*  used  for  twitching  and  testing  purpose*- 
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entire  distance  southbound  traffic  meets  descend- 
ing grades  varying  from  1.8  to  2.7  per  cent. 
The  reasons  given  for  this  electrification  are: 

1.  The    availability    of    cheap    hydro-electric 
power  generated   at   the  large  electro-chemical 
works  near  Saaheim. 

2.  The  necessity  of  increasing  the  capacity  of 
the  line  and  of  avoiding  smoke  in  tunnels. 

3.  The    necessity    of    preventing    forest    fires 
originating  from  the  stack  discharges  of  steam 
locomotives. 

The  traffic  on  this  road  consists  almost  entirely 
of  freight.  The  light  passenger  traffic  is  handled 
by  adding  one  or  two  trailer  cars  to  the  freight 
trains.  These  trains  average  320  tons  in  weight 
and  are  hauled  by  a  soo-horse-power  electric 
locomotive.  On  the  three-mile  section  out  of 
Notodden,  on  which  the 
grade  is  2.7  per  cent,  two 
locomotives  per  train  are 
used.  The  amount  of 
freight  carried  down-grade 
is  nearly  double  that  car- 
ried up-grade,  including 
about  1 50,000  tons  per  an- 
num of  raw  materials  for 
the  saltpetre  works  and 
40,000  tons  of  general  mer- 
chandise. 

The  traction  system  em- 
ploys single-phase  alter- 
nating current  at  10,000 
volts,  15  cycles,  with  an 
overhead  trolley  line. 
Power  is  generated  at  a 
hydro-electric  station  at 
Rjukanfos.  When  finally 
completed  this  station  will 
be  one  of  the  largest  in 
the  world,  being  designed 
to  develop  250,000  horse- 
power. There  will  be  10 
generating  units  of  17,000 
kilovolt-amperes  each,  the 
power  from  which  will  be 
used  principally  for  the 
chemical  industries.  Pow- 
er is  generated  as  three- 
phase  current  at  10,000 
volts  and  50  cycles  and. 


for  traction  requirements,  is  transmitted  to  con- 
verter substations  containing  transformers  and  mo- 
tor-generator sets,  where  it  is  converted  into  single- 
phase  current  at  the  proper  frequency  for  traction. 
General  statistics  of  this  electrification  are : 

DATE   OF    INITIAL    ELECTRIC    OPERATION,    19!  I 

Total  route  miles 28.6 

Total  track  mi ;             28.6 

Train  service Locomotives 

Number  of  locomotives 5 

The   accompanying   map,    fig.    485,  shows  the 
electrified  lines  of  the  Rjukan  Railway. 

205.71     Class  C  —  Light  Service  Railroads  - 
Thamshavn-Lokken    Railway     (Norway):     The 
Thamshavn-Lokken  Railway  is  a  short  single  track, 
narrow  gage  line  in  central   Norway,  extending 


FIG.  485.    ELECTRIFIED  LINES  OF  THE  RJUKAN  RAILWAY 
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from  Thamshavn  along  the  Orkla  River  to  Svork- 
mo  and  thence  inland  to  the  copper  and  sulphur 
mines  at  Lokken.  The  railroad  is  of  one-meter 
gage  and  has  easy  gradients  from  Thamshavn 
to  Svorkmo.  From  the  latter  point  the  road 
rises  rapidly  to  Lokken  with  sharp  curves  and 
gradients  as  heavy  as  4.0  per  cent.  A  steamer 
service  connects  Thamshavn  with  Trondhjem, 
at  which  point  a  number  of  roads  connect  with 
the  southern  and  eastern  portions  of  the  country. 
The  lumber  mills  at  Thamshavn  and  the  mines 
at  Lokken  provide  a  considerable  freight  traffic, 
while  the  scenic  beauty  of  the  district  attracts 
many  tourists.  This  road  has  been  electrified 
for  both  freight  and  passenger  service.  It  was 
opened  in  July,  1908,  and  is  the  first  example  of 
the  equipment  of  a  Norwegian  road  for  electric 
operation. 

The  object  of  electrification  was  to  effect  a 
saving  in  operating  expense  by  the  substitution 
of  hydro-electric  power  for  power  from  expensive 
imported  coal,  and  also  to  determine  experiment- 
ally the  technical  features  of  electric  traction  as 
adapted  to  heavy  train  units. 

Both  freight  and  passenger  trains  are  hauled 
by  electric  locomotives.  The  passenger  trains 
consist  generally  of  only  two  cars.  The  freight 
trains  have  a  maximum  weight,  of  150  tons.  The 
speeds  vary,  according  to  the  grades  encountered, 
from  10  to  20  miles  an  hour  for  both  classes  of 
service. 

The  single-phase,  25-cycle,  6,6oo-volt  alternating 
current  system  with  overhead  trolley  has  been 
adopted.  Power  is  generated  in  a  hydro-electric 
plant  at  Skjenald  Falls,  six  miles  west  of  Thams- 
havn, as  three-phase  current  at  1,000  volts,  is 
stepped  up  to  15,000  volts  and  is  transmitted  to  a 
substation  at  Thamshavn  where  it  is  converted 
to  single-phase  current  at  6,600  volts  and  fed 
into  the  line.  The  rolling  equipment  consists  at 
present  of  three  2  2 -ton  electric  locomotives  and 
a  motor  car  for  special  service. 

The  accompanying  map,  fig.  486,  shows  the  lo- 
cation of  the  electrified  lines  of  the  Tham-shavn- 
Lokken  Railway. 

205.72  Classes  B  and  C — Secondary  Railroads 
— Technical  Characteristics:  Table  CCXLI  pre- 
sents a  summary  of  the  general  and  technical 
characteristics  of  electrifications  of  Norwegian 


Skje 


FIG.  486.    ELECTRIFIED  LINES  OF  THE 
THAMSHAVN-LOKKEN  RAILWAY 

steam  railroads  as  follows:  Rjukan  Railway,  Class 
B,  and  Thamshavn-Lokken  Railway,  Class  C. 

205.73  Electrification  Projects  in  Norway  and 
Sweden  under  Construction  or  in  Contemplation :  * 
The  Kiruna-Riksgransen  Railway  is  a  normal 
gage  single  track  steam  road  in  northern  Sweden. 
It  is  used  chiefly  to  haul  iron  ore  from  the  mines 
at  Kiruna  to  the  coast.  The  northern  terminus 
lies  near  the  boundary  line  between  Norway  and 
Sweden.  Connections  are  made  at  this  point 
with  a  Norwegian  line  which  runs  to  Narvik, 
practically  the  only  harbor  within  the  Arctic 
Circle  open  to  navigation  during  the  entire  year. 
From  Riksgransen  the  line  runs  south  through  a 
mountainous  region,  skirting  Lake  Torne  Trask 
and  ending  at  Kiruna,  a  total  distance  of  80  miles. 
The  line  has  many  long  grades  and  tunnels.  Snow 
and  ice  form  troublesome  obstacles  to  traffic 
during  the  greater  part  of  the  year. 

Cheap  hydrO'electric  power  and  expensive  coal, 
together  with  the  need  of  an  increase  in  the 
capacity  of  the  railroad  for  handling  the  output 
of  the  Kiruna  mines,  were  the  controlling  reasons 
in  the  decision  to  adopt  electric  traction.  When 
the  electrification  is  completed  the  ore  freight 
trains  will  be  made  up  of  two  electric  locomotives 
and  40  cars.  Each  car  will  weigh  51  tons  loaded. 
The  average  speed  will  be  22  miles  an  hour. 
The  single-phase  system  of  electric  traction  will 
be  used  and  the  current  will  be  supplied  from  the 
hydro-electric  station  now  under  construction  at 
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TABLE  CCXLI.     SUMMARY  OF  GENERAL  AND  TECHNICAL 
CHARACTERISTICS  OF  NORWEGIAN  STEAM  RAILROAD 
ELECTRIFICATIONS.  CLASSES  B  AN 
SECONDARY  RAILROADS 


I  Vtails 

Thamshavn-L6k- 
ki-n  Railway 

Rjukan  Railway 

General: 

Single-phase    alter- 

Conductors: 
Type  of  working  conductor. 

nating  current  ... 

Overhead  trollry. 
18ft.,  5  in.,  above 

nating  current  .  . 

<  tvorhrad    trollry 
1-1  ft  ,!'  in.  .minimum 

track  

Is  ft  ,O  in.  .maximum 

Copper     0.3")     in. 

above  track 

Cr,l,|HT          II     H.".          Ill 

Type  of  collector  
Transmission  voltage  
Contact  voltage  

Power  Generation: 
<  )wner  of  plnnt  
Number  of  plant*  nrul   \y\v 

I'timv.  di:iim>t<T. 
Bow  pantograph.  .  . 
l.-).(HH)  tbnw-phaw. 
0,000  single-phase.  . 

Railway  Company 
1  hydro-electric.  .  . 

I-<)I11V.  fliatlirtiT 

Row  pantograph 
10,000  three-phase 
10,000  single-phase 

Railway  Company 

1  hydro-rlfrtnr* 
Kjukanfos  

1'lant   capacity   <tnt:il,    1-hr. 
rating)  

2,725  kv-«... 

:, 

170.000  kv-«.  .  .  . 

in 

.'.I.'.     k\-:i        l.UOO-V 

IT.ixxikv-a.  10,000- 

.S-|>hn«-..V. 

v.  multiphase.  fiO- 

TyfH*  of  prime  mover    

Hydraulic  turbines. 

N"in-    .... 

Hydraulic  turbine* 

V.M.- 

T\|M'             

None  

NnIM 

ItHtinjt  (b.  b.  p.)  



None 

//if/A  Tension  Transmission: 
1  •  .   l<  r>    (rirruit    miles)  — 

0  (CM.)  . 

I  iiiliTKrouml      (insulated 
cable) 

3-phase,  fiO-c>*cle 

TV|M> 

3-phase.  .jO-cycle 

10,000  a.  e  

1.-..IKKI:,.,. 

''/on*: 

\  \  --rage       distance      apart 

i  -.it-itv  Uotiil) 

:>l»l  kv-a.  . 

2,000  kv-a. 

Hize  of  rotary  converter  uniu 

I'-l'.VI  kv-n    iniotnr- 
gfm-rator) 

5-4«l  kv-a.  (motor- 

L>:.<>  kv-a 

40U  kv-a 

Rolling  Stock: 

Locomotives  or  motor  c«r« 
•    used  

I-ocomotiveii      and 

motor  cars  

Locomotives 

.i  loioiiiiitix  rs,  pas- 

senger and  fmehi. 
1     motor     car 
(special     car),    4 
trailers  

Train  weight  (average)  «K- 
cluding  locomotive  (tons, 
2.000   Ib.) 

319  (2  loconi< 

freight  

on      maximum 

7             /  ' 

grade)  ... 

Class  

0-4-4-0 

(A)  O-4-0 

(B)  Ol    1  u 

Total  weight  (tons)  

22  

. 

(R)  44 

Weight  on  drivers  (Ib.) 

44,000  . 

(A)    460OO 

(B)    88.000 

Number  of  motors  

4  

(A)   2... 

(B)  4 

Type  of  motor  

Geared 

(A)  Genrlem 

(B)  Geared 

Capacity   per   motor    (h.p., 
1-hr,  rating)    

40  

128  ... 

Tractive  effort  of  locomotive 
(Ib.,  1-hr,  rating)  

6,600  

(A)   .  , 

Normal  speed  of  locomotive 
(rated  load  on  level  track) 
mi.  per  hr  

11  2 

(B)   19.650  
15 

Motor  Cart: 

Weight  excluding  passengers 
(tons,  2,000  Ib.)  .... 

23  

None 

Seating  capacity  

None 

Number  of  motors  

2  

None 

Capacity    per   motor   (h.p., 
1-hr,  rating)  

40    . 

None 

Trailer  Cart: 
Weight  excluding  passengers 
(tons,  2,000  Ib.)  

None 

Seating  capacity  

None  

*  Also  supplies  power  for  mines  and  other  purposes. 


Porjus.  For  traction  purposes  single-phase  cur- 
rent will  be  generated  at  4,000  volts,  stepped  up 
to  80,000  volts  for  transmission  to  four  trans- 
former substations,  each  of  about  6,ooo-kilowatts 
capacity.  The  contact  line  potential  will  be  1 5,000 
volts.  Thirteen  freight  and  two  passenger  loco- 
motives are  under  construction.  The  former  will 
be  of  the  two  part  interchangeable  type.  They 
will  weigh  150  tons  each  and  are  to  be  equipped 
with  two  i  ,ooo-horse-power  motors.  Each  pas- 
senger locomotive  will  have  a  single  i.ooo-horse- 
power  motor  of  about  the  same  type  and  will 
weigh  about  92  tons  equipped.  When  the  electri- 
fication is  completed,  it  is  contemplated  that  the 
iron  mines  will  increase  their  output  to  3,500,000 
tons  per  year. 

General  statistics  of  this  proposed  electrification 
are  as  follows : 

MI1.KM.I 

Total  route  miles So 

Total  track  miles 93 

TRAIN    -I  KM.  I 

Passenger 

Freight Locoinn' 

AVERAI.K    NUMBER    OF   CARS    PER    TRAIN 

Freight 40 

AVKRM.K    NUMBER   OF    TRAINS    DAILY 

Freight 12 

ELECTRIC    TRAIN    K(,)!II'MI  S[ 

Locomotives,  passenger 2 

Locomotives,  freight 13 

TRAMI'IV   |'I'«M<   RI  i,»  IKIMI  \  i-- 
Total  per  annum,  kw-hr.  (est.)      ....  35,000,001  > 

AfSTRALIAN  RAILROAD  ELECTRIFI- 
CATIONS 

205.74  Australian  Electrification  Projects 
under  Construction  or  in  Contemplation  (1914): 
The  state  of  Victoria  lies  along  the  southern  coast 
of  the  Commonwealth  of  Australia.  The  city  of 
Melbourne  is  its  capital,  with  a  population  of 
500,000,  or  about  40  per  cent  of  the  total  popula- 
tion of  the  state.  The  area  of  the  city  is  so  great, 
however,  that  the  actual  congestion  is  less  than 
that  found  in  most  other  large  cities,  the  popula- 
tion within  the  boundaries  of  the  city  of  Greater 
Melbourne  being  only  2,000  per  square  mile  as 
compared  with  9,600  in  London  and  12,000  in 
'New  York.  Owing  to  this  condition,  a  large  por- 
tion of  the  population  of  Melbourne  must  travel 
a  considerable  distance  to  reach  the  business  cen- 
ter. This  fact  has  resulted  in  a  very  complete  de- 
velopment of  suburban  transportation  facilities. 
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Tin  Mil uirl >un  steam  railroads  carry  more  than  50 
per  cent  of  the  combined  city  traffic  and  furnish 
40  per  cent  of  the  total  passenger  receipts  for  the 
whole  Victorian  railroad  system.  All  railroads 
of  the  state,  including  the  Melbourne  suburban 
system,  are  owned  by  the  Victorian  Government, 
hut  the  local  tramway  system  of  the  city,  operated 
mostly  by  cable  and  comparatively  limited  in  its 
scope,  is  operated  under  a  private  franchise  which 
will  soon  expire.  At  the  expiration  of  the  fran- 
chise it  is  probable  that  the  tramway  system  will 
be  taken  over  by  the  city  or  state  and  electrified. 
The  lines  of  the  Melbourne  suburban  system  of 
the  Victorian  Railway  comprise  a  network  with 
many  short  radiating  lines.  The  mileage  of  the 
lines  included  in  the  electrification  plan  consists 
of  150  route  miles,  or  289  track  miles  of  main  line 
and  34  miles  of  sidings. 

The  electrification  project  now  in  progress  had 
its  inception  in  a  report  made  in  1908  to  the  Vic- 
torian Railway  Commission,  recommending  that 
electrification  be  undertaken  in  three  stages  in 
order  that  experience  might  be  gained  with 
reference  to  both  technical  and  financial  features, 
but  for  a  number  of  reasons  the  matter  was 
deferred  until  1912.  In  that  year  it  was  found 
that  the  suburban  traffic  was  increasing  beyond 
expectations  and  the  opinion  now  prevails  that 
electrification  is  necessary.  Plans  have  been 
made  to  conduct  both  passenger  and  freight 
service  by  electrically  operated  trains,  but  at 
present  the  only  details  available  relate  to  passen- 
ger traffic,  which  is  of  the  greater  importance  on 
a  line  of  this  character.  Passenger  trains  are  to 
consist  normally  of  two  motor  cars  and  two  trailers, 
weighing  together  about  180  tons.  During  rush 
hours  the  trains  may  be  increased  to  a  maximum 
of  six  cars  each,  and  it  is  expected  that  the  num- 
ber of  passenger  trains  will  be  increased  and  the 
average  weight  of  the  trains  reduced  as  compared 
with  the  trains  at  present  handled  by  steam  loco- 
motives. The  cars  will  be  new  and  of  the  corridor 


type.  About  500  motor  cars  and  450  trailers  are 
to  be  ordered.  Each  motor  car  is  to  be  equipped 
with  four  i40-horse-power  motors. 

The  question  of  the  choice  of  an  electric  system 
for  this  suburban  electrification  has  been  made 
the  subject  of  very  full  consideration.  The  con- 
clusion presented  in  reports  to  the  Commission, 
and  based  upon  bids  received  from  the  various 
electric  companies  for  apparatus,  recommended 
the  i.soo-volt  direct  current  trolley  system  as 
being  cheaper,  both  in  installation  and  operating 
costs,  than  the  single-phase  alternating  current 
system.  The  former  system  was  accordingly 
adopted.  Power  is  to  be  generated  in  a  centrally 
located  steam  power  plant  as  three-phase  alter- 
nating current  at  25  cycles  and  transmitted  at 
20,000  volts  potential  to  twelve  substations 
located  along  the  lines,  where  it  will  be  trans- 
formed and  converted  into  direct  current  to  be 
fed  into  the  trolley  wires.  The  full  electric 
equipment  of  the  entire  system  will  probably  be 
completed  by  1917.  The  installation  will  involve 
the  expenditure  of  about  $13,500,000. 

General  characteristics  of  this  proposed  electri- 
fication are  as  follows: 

MILEAGE 

Total  route  miles 150.28 

Total  track  miles 289 . 30 

Total  siding  miles 34-64 


Total  miles  of  electrically  equipped  track 


323  94 


TRAIN    SERVICE 

Passenger Motor  and  trailer  cars 

AVERAGE  NUMBER  OF  CARS  PER  TRAIN 

Passenger       . 4 .48 

ELECTRIC    TRAIN    EQUIPMENT 

Motor  cars 500 

Trailer  cars 450 

TRAIN-MILES    PER   ANNUM 

Passenger 8,500,000 

CAR-MILES    n  K    ANNUM 

Passenger 38,000,000 

TRACTION    POWER    REQUIREMENTS 

Total  per  annum,  kw-hr. 129,262,000. 
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A  COMPARATIVE  STUDY  OF  STEAM  RAILROAD 
ELECTRIFICATION  PROJECTS 


SYNOPSIS:  The  magnitude  and  importance  of  the  proposed  electrification  of  the  Chicago 
railroad  terminals  may  be  judged  by  comparing  the  conditions  and  requirements  in  Chicago,  with 
those  of  existing  electrifications  elsewhere.  Comparisons  are  made  in  this  chapter  with  respect 
to  the  number  of  railroads  involved,  their  trackage,  nature  of  traffic,  power  requirements  and  equip- 
ment. A  summary  of  the  character,  influences  and  purposes  of  existing  electrifications  is  pre- 
sented and  the  relation  of  such  considerations  to  the  Chicago  situation  is  shown. 


206.01  The  Number  of  Steam  Railroads  which 
have  Resorted  to  Electric  Operation:  The  signifi- 
cance of  the  proposal  to  operate  electrically  the 
railroad  terminals  of  Chicago  is  suggested  by 
the  fact  that  the  number  of  railroads  included 
by  the  Chicago  terminals  is  equal  to  the  total 
number  involved  in  all  existing  steam  railroad 
electrifications  in  the  entire  world.  A  compari- 
son between  the  number  of  roads  involved  in  the 
Committee's  plan  of  electrification  in  Chicago 
and  the  number  of  existing  electrifications  else- 
where is  presented  by  table  CCXLII. 

TABLE  CCXLII.  NUMBER  OF  EXISTING  STEAM  RAILROAD 

ELECTRIFICATIONS  COMPARED  WITH  THE  NUMBER  OP 

ROADS  INVOLVED  IN  THE  PROPOSED 

ELECTRIFICATION    IN  CHICAGO 


Claw, 

American 
Railroads 

Foreign 

Tout 
American 
and 
Foreign 

Chicago 

1 

2 

8 

4 

8 

Trunk  lino  
Trunk  lines  owning  track  . 
Transfer     and     switching 
railroads  

10 
10 

12 

22 

23 
22 

14 

Total  number  of  railroads 
concerned,  not  includinR 
foreign  secondary   lines 
with  light  service  

15 

17 

87 

206.02  Extent  of  Existing  Steam  Railroad 
Electrified  Trackage  Compared  with  the  Track- 
age of  the  Chicago  Terminals:  Another  measure 
of  the  importance  of  any  electrification  project 
is  that  presented  by  the  extent  of  its  track.  The 
mileage  of  track  involved  by  the  proposed  elec- 
trification of  the  Chicago  railroad  terminals  is 
nearly  twice  as  great  as  the  mileage  of  all  exist- 
ing electrically  operated  steam  railroad  track  in 
America  to-day  and,  exclusive  of  foreign  light  serv- 
ice lines,  is  about  15  per  cent  greater  than  the 
combined  total  mileage  of  all  existing  electrically 
operated  steam  railroad  track  in  the  entire  world. 


The  Committee's  plan  of  electrification  involves 
several  times  as  much  yard  track  mileage  as  do 
all  existing  electrifications  on  American  railroads. 
A  more  detailed  comparison  of  the  mileage  of 
American  and  foreign  electrified  trackage  with 
that  of  the  Chicago  terminals  is  set  forth  by  the 
summary  immediately  following,  and  by  tables 
CCXLIII  to  CCXLVI,  inclusive. 

TOTAL    MILES 
QF   TRACK 

Existing  American  electrifications 1,729 

Existing  foreign  electrifications,  excluding  secondary  lines    1,278 

Combined  American  and  foreign  electrifications      .      .     3,007 
Proposed  electrification  in  Chicago 3.439 

TABLE  CCXLIII.     MILEAGE  INVOLVED  BY  STEAM  RAILROAD 
ELECTRIFICATIONS 


1  V.-HMI 

Total 

Claim 

Electrifi- 
cation* on 

rations  on 
Foreign 
Trunk  and 

Mileage  of 
Existing 
American 

,',.;  i  ..,,  ,^-n 

1  'i  <  >|  ,<>-'  <i 
1  "Ir,-tr  lll- 

ration 

1  ••..  - 

II.  ,    .. 
Secondary 

Electrifi- 
cations for 

in 

1    1,1,  :ii!.. 

Lines 

Heavy  Traffic 

1 

2 

:i 

4 

Route  mile*  . 

607 

724 

1,331 

.Mr,  jn 

Mile*  of  main  track  .  .  . 

1.275 

1  ,1)45 

2,830 

l,47«  19 

Mike  of  other  track  

454 

233 

687 

1.963.55 

Total  milen  of  track  .  . 

L728 

1.278 

5,007 

206.03  Density  of  Traffic  on  Existing  Electri- 
fied Steam  Railroads  Compared  with  that  of  the 
Chicago  Terminals:  Facts  set  forth  by  a  study 
of  the  traffic  requirements  of  existing  electrically 
operated  steam  railroads  and  those  of  the  Chicago 
terminals  serve  to  indicate  the  relative  magnitude 
of  the  proposed  electric  operation  in  Chicago. 
Such  a  comparison  presents  the  following  signif- 
icant conditions: 

i.  The  number  of  through  passenger  trains 
required  by  the  traffic  of  the  Chicago  termi- 
nals is  85  per  cent  of  the  total  number  of  such 
trains  at  present  operated  electrically  on  all 
American  steam  railroads. 
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TABLE  CCXLIV.     AMERICAN    STEAM  RAILROAD  ELECTRIPK  A- 
TIONS.  MILEAGE  BY  CLASSICS 


TABLB    CCXLV.      FOREIGN    STEAM     RAILROAD     ELECTRIPK  A 
TIONS.  MILEAGE  BY  CLASSES 


( 'i  vsn  I  —TERMINAL  I.IM  > 

Long  Island  Uailnmil 

New    York   Central   A    Hudson    Um-r 

1 1  :i  1 1  r ...  1. 1 

\.w    V,,rk,    Now    Haven    A    Hartford 

Railroad 

<     Pennsylvania  Railroad 


Totali 


CLAM  II  — MAIN  LINKS 

Wo«t  Jersey  A  Seashore  Kailroad  . 
Spokane  A  Inland  Empire  Railroad 
Butte,  Anaeonda  A  Pncinc  Railway 


Totals. 


CLASS  III  — SUBURBAN  LINES 

Krit-  Rttilroad 

Southern  Pacifie  Railroad 

New  York,  Westehestcr  A  Boston  Rail 
way 


Totals  . . . 


CLASS  IV  —TUNNEL  LINES 

Baltimore  A  Ohio  Railroad 

Grand  Trunk  Western  Railway . 

Great  Northern  Railway 

Michigan  Central  Railroad 

Boston  A  Maine  Railroad 


Totals 


R«M 

Mil,., 

Mil.-, 
.if 
Main 
fnirk 

Mil,-. 
<nl,.-r 

tn3 

1..-  || 
Mile. 

of 
1-raok 

2 

3 

4 

-. 

ss  .,: 
52.60 

187.08 
177.00 

20.89 
67.60 

207.97 
244.60 

76.57 
18  73 

:i«i  :i.s 

II.   7.1 

202.30 

..117.. 

341.55 

•17   !'• 
1  nsl  71 

23H  ,-.:t 

7ln    l'i 

74.60 
127.00 
30.40 

1-17.  MO 
129.50 

:<n    in 

2.46 
1.50 
60.10 

150.26 
131.00 

•Ml  .Ml 

L'liL1  (Kl 

:ii>7  7n 

64.06 

-;7l  7.- 

34.00 
52.25 

34.00 
100.81 

4.00 
14.00 

38.00 
114.81 

is  _'i 

49.60 

Ml 

53.56 

Hll    IS 

3.70 
3.80 
4.00 
4.50 

7  :i7 

184.41 

7.40 
6.50 
4.00 
9.00 
15.94 

21.96 

1.00 

.-,r,n 
3.00 
11.00 
5.S6 

206.37 

8.40 
12.00 
7.00 
20.00 
21.50 

23.97 

42.84 

26.06 

68.90 

596  98 

1.275.14 

453.63 

1.728.77 

565.20 

1,475.59 

1.963.55  3,439.14 

Grand  totals,  America 596  98 

Mileage  to  be  electrified  in  Chicago   .        565. 

2.  The  number  of  suburban  passenger  trains 
required  by  the  traffic  of  the  Chicago  terminals 
is  approximately  one^-half  the  number  of  such 
trains   at    present   operated   electrically   on   all 
American  steam  railroads. 

3.  The  passenger  train-miles  in  both  through 
and  suburban  service  for  the  Chicago  terminals 
amount  to  70  per  cent  of  the  total  number  of 
passenger  train-miles  operated  electrically  on  all 
American  steam  railroads.     The  total  passenger 
car-miles  are,  however,  greater  for  the  Chicago 
terminals. 

4.  Freight  traffic,  based  upon  information  as 
to  number  of  car-miles  exclusive  of  switching 
service,  is  approximately  ten  times  greater  in 
Chicago  than  on  all  existing  electrified  steam 
railroads  in  America. 

5.  Yard  freight  switching  service  in  the  Chicago 
terminals,  on  a  basis  of  car-miles,  is  more  than 
65  times  as  great  as  that  on  all  existing  electrified 
steam  railroads  in  America. 

The  largest  and  most  important  service  handled 
in  the  Chicago  terminals  is  the  freight  yard 
switching  service.  No  similar  service  elsewhere 
is  handled  electrically  in  any  considerable  volume 
except  on  the  Giovi  Railway  of  the  Italian 
State  Railways  and  on  the  New  York,  New  Haven 
&  Hartford  Railroad  in  America.  The  latter  oper- 
ates, in  part  electrically  and  in  part  by  steam 
locomotives,  three  freight  yards  having  in  the 
aggregate  72.7  miles  of  track,  requiring  about 


OHM 

II.  .Ml. 

2 

29.50 

.7  | 

1  III 

9.28 
22.30 

II  l-i 
16.12 

i  -,  s,  , 
13.70 

13.00 
5.20 

Mil.-...f 
Trnrk 
3 

A0.00 
7400 
8.20 
I8.&0 
A3.70 

IS.70 

27.20 

Mil.    ••'.      !••. 
nil,,  r 
Tr..-k      Track 

4 

16.00      74.00 
17mi       91.00 
1.40         ».60 
ii  'HI       19.40 
17  IK)       70.701 
\'2  .  0       68.001 
15.40       47.70 
3.10       flO.OO 
4.20       17.90 

27  20 

TRUNK  LINE* 
North  Knflt<-rn  Railway 

1  .oiidmi,  Itriffhton  A  South  CoMt  Railway 

Dofwau-BitlcrtVl.l    Kailwnv                    

(  iiuvi  Railway: 

Rivarolo  to  CampaMto  and    Rivarolo 
-  trnpierdarcna                 
Freight  yarda  around  Genoa  and  the 

27.30       2730 

37.90       37.90 
27  20 

13.60 

24.80 
31.00 

:i7ix> 

27.20 

24.80 
31.00 
57.00 

Genoa-SavonB-Ceva  Line* 

18.70       43.50 
8.60       39.60 
14.60       71.1(1 

194  46     730  611 

2.75        I2.2A 
6.00       41  00 
:i  in       86.10 

10.60       44.8O 

1  1J  H' 

Mt.  Cenis  (Buaaoleno-Mndane)  Railway 
Totals 

317.62 

4.75 
35.00 

M  TO 

30.60 
M  90 
90.40 
56.75 
42.90 
20.40 
28.60 

536.14 

9.50 
35.00 
62.70 
43.70 
34.20 
112.40 
B0.7I 

40.80 
mjH 

SECONDARY  LINE* 

Midi  (Cerdagne  Line)  Railway 

Wiracnthai  Railway 

Valtellinn  Railway 

St.  Pftlten  Railway         

56  74 

NUO 

Holland  Railway"  

6.70       47.50 
2860 

Rjukan  Railway    . 

Totals 

406.30 

723.92 
-..  I  H 

24.99 
38.50 
20.00 
33.70 
37.70 
45.50 
17.  no 

608.45 

I.045.S9 
1,475.59 

24.99 
38.50 
20.00 
33.70 
37.70 
77.50 
17.00 

38.10     547.56 

232.56  1.278.15 
1,963.553,439.14 

6.01       31.00 
38  50 

Total  foreign  electrifications  under  Mean, 

Mileage  to  be  electrified  in  Chioag>  

SECONDARY  LINES  —  LIGHT  SKKVIO:.  Com- 
parable  to   American   Inter  urban    Rail- 
way Service 
Burgdorf-Thun  Railway 

Rhatische  Railway 

Fribourg-Morat-Anet  Railway 

20  00 

Set-thai  Railway 

33.70 
37.70 
77.50 
2.40       19.40 

Total- 

LM7..TO 

_,,.,    ;;,, 

sll      _>.-,7sn 

TABLE  CCXLVI.      MILEAGE  OF  AMERICAN  A\D  FOREIGN- 
STEAM  RAILROAD  ELECTRIFICATIONS 


Clauses 

1 
Total  American  

Route 
Mile* 

Mil.-,,,; 
Main 
Track 

Total 
Other    Miles  of 
Track  I  Track 

2 

3 

4 

5 

1.275.14 

i  j-.i   M 
1.045.59 
2,570.  12 

2,320.73 
1,475.59 

r.   - 
240.97 

1  a  -• 

.•.;.. 

.  ,.     .   , 
1.963.551 

I  7.-.  77 
1    -.-.-.• 

:  tn  • 

1  i  ;  7. 

3,006.92 
3,439.14 

Total  foreign  
Total  foreign  excluding  ' 
(trend  total,  all  count  rii- 
Grand     total,     all     cour 
"  Light  Service"  
MilriiKP  tn  Iw  t-lcctrifind 

light  gen-ice  ' 

!I4I  :!! 
72,'j  I)'.' 
1  53829 

tried,  exclud 
in  Chicago.  . 

nc 
1.320.90 

.-,.,.-,  .11 

00,000  electric  locomotive-hours  per  year  and 
handling  about  2,500,000  car-miles  per  year  in 
switching  and  transfer  service.  The  freight  yard 
traffic  of  the  Chicago  terminals  aggregates  approx- 
imately 3,430,000  locomotive-hours  per  annum  and 
approximately  164,400,000  car-miles  per  annum 
in  switching  and  transfer  service. 

206.04  Equipment  and  Power  Requirements 
of  Existing  Electrified  Steam  Railroads  Compared 
with  those  of  the  Chicago  Terminals:  Facts  set 
forth  by  a  comparison  of  the  electric  equipment 
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of  existing  electrified  steam  railroads  and  that  of 
the  Chicago  terminals  present  the  following  con- 
ditions : 

1.  The   number   of   multiple-unit   cars,    both 
motors   and    trailers,    required   to   operate   the 
Chicago  service  is  66  per  cent  of  the  total  number 
of  such  cars  in  service  on  all  American  electrified 
steam  roads. 

2.  The  number  of  electric  locomotives  required 
for  the  Chicago  service  is  approximately  4  times 
the  number  now  in  service  on  all  American  electri- 
fied steam  roads  and  approximately  2 . 5  times 
the  number  now  in  service  on  all  electrified  steam 
roads  in  the  entire  world. 

206.05  The  Purposes  Underlying  Electrifica- 
tion: The  world's  progress  in  the  electrification 
of  steam  railroads  has  resulted  from  the  working 
out  of  various  purposes.  Some  steam  railroad 
electrifications  which  have  been  widely  heralded 
and  have  involved  large  expenditures,  have 
embodied  other  characteristics  possessing  greater 
significance  and  involving  greater  expense  than 
the  electrical  features.  In  such  cases,  the  purpose 
sought  by  electrification  has  been  that  of  increas- 
ing the  practicability  of  a  project  as  a  whole. 
The  New  York  Central  and  the  New  York,  New 
Haven  &  Hartford  projects  are  not  alone  projects 
of  electrification;  primarily  they  have  involved 
the  development  of  extensive  passenger  terminal 
facilities  in  the  midst  of  a  great  metropolis.  The 
approach  to  this  terminal  is  by  subway  and 
tunnel,  and  the  details  of  the  improvement  have 
included  an  enlargement  of  this  approach  and  a 
concentration  of  traffic  within  it  which  would 
have  been  impracticable  under  steam  operation. 
The  building  of  the  terminal  was  predicated 
upon  electric  operation,  but  the  actual  cost 
of  the  electrification  is  but  one  factor  in  the 
cost  of  an  extensive  general  improvement.  Sim- 
ilarly, the  electrification  project  of  the  Pennsyl- 
vania Railroad  in  New  York,  while  one  of  the 
world's  great  undertakings,  is  far  less  significant 
as  a  project  in  electrification  than  as  a  great 
passenger  terminal  established  under  peculiar 
and  difficult  conditions.  Some  of  the  significant 
factors  in  the  working  out  of  this  problem  are  to 
be  seen  in  the  tunneled  approach  under  the 
Hudson  River,  the  tunneled  entrance  beneath 
and  into  a  great  city,  the  extent  of  the  facilities 
established  for  the  convenience  of  passengers  and 
for  the  expeditious  handling  of  baggage  and  mail, 
and  the  tunneled  exit  across  the  city  and  under 


the  East  River  to  a  point  on  Long  Island  where 
space  could  be  obtained  in  which  to  build  a  ter- 
minal yard.  Electrification  came  as  a  necessary 
detail  in  the  working  out  of  a  great  plan  for  an 
effective  and  otherwise  satisfactory  terminal,  but 
electrification  alone  was  not  the  fundamental 
purpose  of  the  Pennsylvania  Railroad  although 
accepted  as  a  necessary  feature  of  its  underground 
terminal  plan. 

Obviously,  any  work  of  electrification  which  is 
undertaken  with  such  varied  purposes  stands 
upon  quite  a  different  plane  from  that  which 
must  sustain  the  proposition  to  electrify  the 
railroad  terminals  of  Chicago,  where  physical 
conditions  absolutely  requiring  electrification  are 
lacking.  In  fact,  as  appears  from  this  analysis, 
the  physical  conditions  and  the  nature  of  the 
traffic  in  Chicago  are  such  as  to  make  electrifi- 
cation extremely  difficult.  The  record  of  work 
already  accomplished  in  the  electrification  of 
steam  railroads,  as  disclosed  by  the  descriptions 
of  15  American  and  22  foreign  projects,  shows 
that  the  reasons  which  have  stimulated  the  elec- 
trification of  steam  railroads  may  be  summarized 
as  follows: 

1.  To   meet    the-   requirement!   of   operation 
under  unusual  physical  conditions,  such  as  those 
occasioned  by  an  underground  terminal,  tunnels 
or  heavy  gra 

2.  To  take  advantage  of  available  water  power 
in  districts  in  which  the  cost  of  coal  for  steam 
o]  >eration  is  relatively  high. 

3.  To  meet  the  requirements  of  an  increasing 
suburban  traffic  in  cases  where  a  frequent  and 
rapid    service    with    comparatively    short    runs 
Ixrtwecn  stops  is  necessary,  or  in  cases  win 
terminal    facilities   have   proved    insufficient   for 
the  handling  of  service  by  steam  operation. 

4.  To  increase  the  capacity  of  stub-end  ter- 
minal stations  without  physical  enlargement,  a 
result  which  is  accomplished   by  reducing  the 
number  and  extent  of  idle  movements  in  the 
station  and  through  its  approach  switches. 

5.  To  provide  a  means  of  conducting  experi- 
ments for  the  purpose  of  determining  the  effect 
of  electric  operation  in  stimulating  traffic. 

6.  To  meet  the  competition  of  electric  suburban 
or  interurban  railways. 

The  record  of  the  work  already  accomplished  is 
significant  also  in  the  following  particulars: 

i.  It  presents  no  instance  in  which  a  steam 
railroad  occupying  surface  or  elevated  lines  has 
been  electrified  primarily  to  avoid  the  pollution 
of  a  city's  atmosphere. 
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a.  Nowhere  in  the  world  has  a  railroad  having 
a  city  terminal,  \vhirh  from  an  operating  stand- 
point has  born  satisfactory,  changed  its  (^ora- 
tion from  steam  to  electric. 

206.06  Results   of  Electric   Operation  under 
Steam  Railroad  Conditions:     Complete  inforrn;i 
tion  with  reference  to  the  operating  results  and 
economies  of  existing  electrifications  has  not  been 
obtainable  in  any  case.     Much"  has  been  written 
regarding  the  relative  economy  of  electric  opera- 
tion as  compared  with  steam  operation  but  little 
of  value  is  actually  known.     Comparisons  have 
been  made  on  a  basis  of  theoretical  figures  only, 
or  in  connection  with  electric  operation  on  roads 
which  do  not  present  conditions  parallel  to  those 
which  prevail  in  steam  operation.     For  instance, 
the  Long  Island  Railroad  operates  its  suburban 
business  electrically  and  its  long  distance  through 
traffic  by  steam.     Obviously,  a  comparison  of  the 
operating  expenses  of  these  two  services  does  not 
serve  to  disclose  the  operating  result  of  electrifica- 
tion, since  the  two  services  are  widely  different. 
The  suburban  passenger  service  necessarily  has 
more    frequent    schedules,    a   larger   number   of 
stops   and   shorter  distances  between  stops  than 
the  steam  service.     The  cars  provided  for  the 
suburban  service  also  are  different  from  those  used 
in  the  through  service. 

The  operating  result  which  may  be  expected 
from  the  electric  operation  of  the  Chicago  ter- 
minals is  evaluated  elsewhere  in  this  report 
(chapter  301). 

206.07  Significance    of    Existing    Electrifica- 
tions Compared  with  that  of  the  Proposed  Elec- 
trification of  the  Chicago  Terminals :     The  art  of 
electrification  as  disclosed  by  the  descriptions  pre- 
sented in  the  preceding  chapter  has  developed 
by  small  increments,  each  project  being  based  to 
some  extent  upon  the  success  of  methods  employed 
in  previous  undertakings.     Methods  and  essential 
features  have  differed,  and  the  process  of  devel- 
opment has  been  one  which  has  necessitated  a 
great  deal  of  experimentation  on  the  part  of  the 
railroads. 

There  are  today  no  recognized  standards  for 
such  important  features  as  the  system  of  trac- 
tion or  the  type  of  locomotive.  The  art  is  rapid- 
ly developing,  however,  and  it  is  reasonable  to 
expect  practices  to  become  standardized  at  a 
future  time. 


The  Committee's  plan  contemplates,  at  one 
stroke,  an  installation  which  in  many  features 
exceeds  in  magnitude  and  importance  the  com- 
bined existing  steam  railroad  electrifications  of 
the  world.  Of  the  15  electric  installations  in 
America,  10  are  on  trunk  line  steam  railroads, 
while  23  trunk  line  systems  are  affected  by  the 
Committee's  plan.  The  10  existing  American 
trunk  line  electrifications  are  upon  railroads  in 
which  there  is  some  duplication  of  ownership, 
and  for  purposes  of  comparison  with  the  proposed 
Chicago  electrification  two  of  this  number  may 
be  eliminated  since  they  do  not  "handle  heavy 
trains  by  electric  locomotives. 

Of  these  trunk  line  railroads,  the  Pennsylvania 
Railroad  and  New  York  Central  &  Hudson  River 
Railroad  do  not  handle  freight  service  by  elec- 
tric equipment.  The  New  York,  New  Haven  & 
Hartford  Railroad  is  the  only  one  of  these  rail- 
roads which  handles  freight  switching  service 
electrically.  Of  the  total  of  15  American  elec- 
trifications, nine  were  installed  because  of  opera- 
tion in  subways  or  tunnels,  one  as  an  experiment 
to  test  out  economy  in  long  distance  passenger 
service,  two  to  retain  suburban  business,  one  was 
equipped  for  initial  electric  operation  because  of 
charter  requirements  and  two  for  the  purpose  of 
utilizing  water  power  instead  of  coal. 

Of  the  foreign  electrifications,  all  English  lines 
may  be  classed  as  suburban.  None  conducts 
heavy  electric  locomotive  service  and  none  freight 
service  except  in  a  very  minor  degree.  Practi- 
cally all  electric  service  is  confined  to  suburban 
and  interurban  traffic  handled  by  motor  cars. 
In  France,  the  Orleans  Railway  confines  its 
electric  locomotive  operation  to  passenger  trains 
through  a  subway  entrance  into  an  underground 
terminal.  It  also  operates  electrically  a  suburban 
motor  car  train  service  on  a  line  connected  with 
this  terminal.  The  Midi  electrification  is,  in  its 
present  stage,  experimental  only.  In  Germany,  no 
considerable  heavy  electric  main  line  traction  is  as 
yet  in  operation;  the  Dessau-Bitterfeld  is  a  short 
line  and  has  been  operated  only  in  experimental 
service  to  test  out  apparatus  and  methods.  The 
Magdeburg-Leipzig-Halle  line,  an  important  ex- 
tension of  which  the  Dessau-Bitterfeld  line  will 
form  a  part,  when  completed,  will  represent  the 
first  German  trunk  line  electrification  and  the 
Lauban-Konigszelt  line  will  represent  a  second 
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such  electrification.  Both  are  predicated  upon 
the  production  of  cheap  centralized  power  either 
from  low  grade  coal  or  from  hydro-electric  plants. 
While  both  of  these  lines  will  conduct  a  heavy 
electric  locomotive  passenger  and  freight  service, 
neither  of  them  will  conduct  a  freight  switching 
service  comparable  with  that  which  exists  on  the 
Chicago  terminals.  In  Switzerland,  the  Loetsch- 
berg  line  and  the  Simplon  Tunnel  line  were 
electrified  primarily  because  of  tunnel  operation; 
other  Swiss  electrifications  are  for  light  multiple- 


unit  train  service  only.  All  Swiss  electrifications 
utilize  cheap  water  power  instead  of  the  more 
expensive  coal  fuel.  In  Italy,  the  Giovi  with  its 
branches  is  the  only  road  which  operates  heavy 
electric  service. 

The  secondary  lines  in  foreign  countries  operate 
a  service  which  is  entirely  different  from  American 
railroad  service,  and  these  electrifications  are  of 
interest  only  in  that  they  illustrate  the  fact  that 
trains  can  be  operated  eln -trie-ally  to  advantage 
on  heavy  grades. 


207.    EXISTING  ELECTRIC  TRACTION  SYSTEMS 


SYNOPSIS:  .Steam  railroad  electrifications  already  undertaken  in  America  and  in  foreign 
countries  have  been  accomplished  through  the  use  of  several  distinct  systems  of  traction.  These 
have  differed  much  in  important  details.  This  chapter  presents  descriptions  of  the  various  elements 
of  the  different  systems.  Upon  the  basis  of  the  finis  thus  made  of  record,  the  applicuhilitv  of 
certain  systems  of  electric  traction  to  the  Chicago  conditions  has  been  established. 


207.01  Definition:  The  term  "electric  trac- 
tion system,"  as  generally  employed,  refers  to  the 
entire  arrangement  under  which  are  assembled  and 
controlled  the  various  factors  by  means  of  which 
power  is  generated,  distributed  and  used  in  the 
propulsion  of  trains  or  cars.  It  embraces  the 
following  essential  elements: 

1.  The  central  source  or  sources  of  power,  at 
which  electric  current  is  generated. 

2.  The  means  of  distributing  the  current  to 
subcenters  or  substations. 

3.  The  means  of    transforming,  regulating  or 
converting  the  current  at  the  substations. 

4.  The  contact  system  above  or  alongside  the 
track  to  provide  the  means  for  delivering  the 
current  from  the  substations  to  the  motive  power 
units. 

5.  Motive  power  units  which  receive  electric 
current  from  the  contact  system  and  use  it  in 
motors  for  propelling  the  trains. 

6.  The  means  of  returning  the  electric  current 
from  the  motive  power  units  to  the  substations 
from  which  it  is  distributed. 

In  electric  traction,  the  power  is  generated  in  a 
central  plant ;  in  steam  traction,  each  motive  power 
unit  generates  and  utilizes  its  own  power.  Con- 
tinuity of  service  in  all  elements  of  an  electric 
traction  system  is  essential  to  successful  operation, 
while  with  steam  locomotive  traction,  operation 
is  dependent  upon  individual  motive  power  units.* 

Electric  traction  systems  may  differ  from  one 
another  in  many  important  details  of  design  and 
construction.  One  of  the  fundamental  points  of 
difference  lies  in  the  character  of  the  means  em- 
ployed to  convey  the  current  to  the  locomotives 
and  the  motor  cars.  With  regard  to  this  funda- 
mental difference,  traction  systems  may  be  classi- 
fied as : 

*  A  special  form  of  electric  traction  applicable  to  certain  peculiar  conditions 
employs  self-contained  motive  power  units  in  which  power  is  supplied  by  means 


Chicago  t . 

units  is  not  generally  known  or  referred  to  as  an  electric  traction  system. 


1.  Those  employing  third  rail  conductors  along 
the  tracks  (third  rail  systems). 

2.  Those  employing  overhead  contact  conduct- 
ors (overhead  contact  systems). 

Another  fundamental  point  of  difference  lies  in 
the  kind  of  current  used.  With  regard  to  this  fea- 
ture, electric  traction  systems  may  be  classified  as : 

1.  Direct  current  systems. 

2.  Alternating  current  systems. 

Direct  current  may  be  employed  at  either  high 
or  low  voltage.  Alternating  current  may  be 
single-phase  or  three-phase  and  may  also  be  clas- 
sified as  to  frequency  and  voltage. 

The  earliest  successful  application  of  electricity 
to  traction  purposes  was  made  in  connection  with 
street  railways.  The  overhead  trolley  wire  was 
employed  for  carrying  the  current  to  the  motive 
power  units.  Direct  current  at  about  500  volts 
was  used.  The  capacity  of  the  small  overhead 
trolley  wire  for  carrying  heavy  currents  was 
limited,  however,  and  when  steam  railroads  con- 
ducting heavy  train  service  electrified  their  lines 
the  third  rail  contact  system  was  used  to  provide  the 
necessary  current -carrying  capacity.  Subsequently 
the  overhead  contact  system  using  high  voltage 
single-phase  or  three-phase  alternating  current  was 
employed  for  such  traction.  More  recently,  equip- 
ment for  the  use  of  direct  current  at  relatively 
high  voltage  with  overhead  contact  instead  of 
third  rail  has  been  developed.  Contact  voltages 
which  have  been  successfully  employed  on  exist- 
ing electric  traction  systems  are  as  follows: 

Third  Rail  System : 

Direct  current  —  up  to  800  volts. 
Overhead  System : 

Direct  current  —  up  to  2,400  volts. 
Single-phase    alternating    current  — up 

15,000  volts. 

Three-phase    alternating    current  —  up 
6,600  volts. 


to 


to 
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Examples  of  each  of  these  systems  may  be 
found  on  electrified  steam  railroads  in  America  or 
in  foreign  countries.  Successful  operation  has 
been  maintained  with  them  for  a  sufficient  period 
of  time  to  demonstrate  their  efficiency  and  prac- 
ticability and  to  establish  them  as  reasonably 
permanent  types. 

In  a  typical  third  rail  system  electric  energy 
is  transmitted  from  the  power  station  to  the 
substations  as  alternating  current  at  a  voltage 
considerably  higher  than  that  used  on  the  contact 
rail.  In  the  substations  the  transmission  voltage 
is  reduced  by  transformers  and  the  current  is 
converted  from  alternating  to  direct  current  by 
rotating  machines.  This  direct  current  is  dis- 
tributed from  the  substations  to  the  third  rail 
contact  system  at  approximately  the  voltage  for 
which  the  motors  on  the  locomotives  or  motor 
cars  are  designed.  The  motive  power  units 
utilize  the  energy  for  propelling,  for  lighting  and 
usually  for  heating  the  trains.  The  track  rails 
ordinarily  are  employed  to  complete  the  electric 
circuit  between  the  motive  power  units  and  the 
substations. 

The  typical  high  voltage  direct  current  over- 
head system  is  similar  to  the  third  rail  system ;  the 
current  from  the  source  of  power  is  transmitted 
as  alternating  current  to  the  substations  and  the 
voltage  is  stepped  down  to  that  required  for  the 
conversion  units.  The  conversion  to  direct  cur- 
rent is  accomplished  as  in  the  third  rail  system  by 
means  of  rotating  machinery,  and  the  current 
from  the  substation  is  fed  to  the  overhead  contact 
system  and  thence  to  the  locomotives  or  motor 
cars.  The  motors  on  locomotives  or  motor  cars 
are  not  designed  for  direct  current  operation  at 
the  contact  voltage  but  are  grouped  in  pairs 
connected  permanently  in  series,  an  arrangement 
which  reduces  the  voltage  upon  each  motor  to 
half  the  total  voltage.  The  track  rail  is  usually 
employed  for  the  return  circuit. 

In  the  typical  single-phase  alternating  current 
system,  the  electric  power  (either  single-phase 
or  three-phase)  is  transmitted  from  the  generat- 
ing station  to  the  substations  as  alternating  cur- 
rent at  high  voltage.  At  the  substations  single- 
phase  current  is  delivered,  by  means  of  suitable 
transformers,  at  the  proper  voltage  to  the  over- 
head contact  system.  The  locomotives  or  motor 
•cars  are  usually  equipped  with  a  transformer  by 


means  of  which  the  voltage  of  the  contact  is  further 
reduced  to  a  workable  and  safe  value  for  the  motor 
equipment.  As  with  the  direct  current  systems,  the 
track  rail  is  usually  employed  for  the  return  circuit. 
In  the  typical  three-phase  alternating  current 
system,  three-phase  electric  current  is  trans- 
mitted from  the  generating  station  to  trans- 
former substations,  where  it  is  reduced  in  po- 
tential and  delivered  to  the  contact  system. 
The  transmission  and  distribution  of  three- 
phase  current,  however,  involve  the  use  of 
three  conductors  for  each  circuit,  while  the 
transmission  and  distribution  of  single-phase 
current  require  only  two.  The  contact  system 
for  three-phase  current  consists  of  two  contact 
wires  insulated  from  each  other  and  placed 
above'  the  tracks.  These,  with  the  return  circuit 
formed  by  the  track  rails,  complete  the  three- 
phase  electric  circuit  between  the  locomotives 
or  motor  cars  and  the  distributing  stations.  The 
locomotives  or  motor  cars  have  two  independent 
current  collectors  and  three-phase  motors.  When 
transformers  are  used  on  locomotives  or  motor 
cars,  as  is  generally  the  case,  their  purpose  is  to 
reduce  the  voltage  of  the  contact  system  to  that 
suitable  for  the  particular  motor  equipment  used. 

POWER   STATIONS 

207.02  Types  of  Power  Stations:    In  all  elec- 
tric traction  systems  provision  is  made  for  one 
or  more  central  power  stations  for  the  genera- 
tion of  electric  energy.     Such  power  stations  may 
be  classified  as  follows : 

1 .  Steam  engine  generating  stations  employing 
some  form  of  combustible  fuel  (coal,  oil  or  gas) 
under  boilers  and  steam  engines  driving  electric 
generators. 

2.  Combustion     engine     generating     stations 
using  oil  or  gas  by  direct  combustion  in  the  en- 
gine cylinders. 

3.  Hydro-electric    stations    in    which    water 
power   is   used    to   drive   water  wheels  coupled 
to  electric  generators. 

207.03  Steam    Power    Stations:     The    steam 
power  station  using  coal  for  fuel  is  the  most  com- 
mon type  of  central  station  employed  for  railroad 
work.    It  consists  generally  of  three  main  sections, 
as  follows: 

i .  The  boiler  room  containing  the  boiler  equip- 
ment, coal  supply  and  coal  handling  apparatus 
for  the  production  of  steam. 
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2.  The  engine  room  containing  steam  driven 
turbines  and  electric  generators  which  convert 
the  steam  power  into  electric  energy. 

.?.  Electric  apparatus  rooms  or  galleries  con- 
taining the  regulating  devices  employed  to  handle 
the  generating  units,  and  the  transforming  and 
protective  appliances  interposed  between  the 
generators  and  the  outgoing  wires  or  cables. 

Power  station  equipment  is  usually  housed  in 
a  fire-proof  building  of  substantial  construction. 
The  several  sections,  especially  that  devoted  to 
boiler  equipment,  may  be  subdivided  as  a  means 
whereby  the  effect  of  accidents  may  be  localized. 
Such  power  stations  are  usually  located  in  close 
proximity  to  an  ample  supply  of  water,  which  is 
necessary  for  condensing  the  steam  from  their 
engines.  A  view  of  a  representative  steam  power 
station  for  generating  electricity  is  shown  by 

fig.  487- 

The  prime  movers  employed  in  modern  steam 
power  plants  for  electric  traction  purposes  are 
usually  of  the  steam  turbine  type.  The  electric 
generators  are  direct  connected  to  the  steam  tur- 
bines, the  generator  and  turbine  being  mounted 
on  the  same  bed  plate  and  the  two  making  to- 
gether a  turbo-generator.  The  generators  are 
commonly  three-phase  alternating  current  ma- 
chines with  voltages,  in  some  instances,  as  high 
as  13,200.  A  frequency  of  25  cycles  per  second  is 
standard  for  generators  used  for  electric  traction 
systems  in  the  United  States.  In  addition  to  the 
turbo-generators,  the  turbine  room  provides  space 
for  auxiliary  apparatus,  such  as  engine,  turbine 
or  motor  driven  exciter  units  for  supplying  the 
field  current  for  the  generators.  Condensers  and 
pumps  are  also  installed  in  the  turbine  room,  or 
in  rooms  under  the  turbine  room.  Frequently 
space  is  provided  in  the  engine  room  for  sub- 
station apparatus. 

Examples  of  installations  of  steam  turbines  in 
modern  traction  power  stations  are  illustrated 
by  figs.  488  and  489. 

The  control  and  distribution  of  the  power  gen- 
erated in  electric  traction  power  stations  neces- 
sitate elaborate  control  and  protective  appara- 
tus, and  when  the  transmission  voltage  is  higher 
than  that  of  the  generators,  step-up  transformers 
are  required.  This  apparatus  is  generally  in- 
stalled in  electric  apparatus  rooms  or  galleries 
of  the  main  building,  but  sometimes  is  placed  in 
a  separate  adjacent  building.  Oil  switches  for 

23 


the  generators  and  transmission  lines  are  installed 
in  compartments  located  frequently  at  consider- 
able distances  from  the  switchboard  which  controls 
them.  The  switchboard  is  equipped  with  record- 
ing and  indicating  instruments,  synchronizing 
apparatus,  rheostat  control,  and  voltage  regulators 
required  for  the  proper  operation  of  the  electric 
:•..  1 1'  Tutors.  The  transformers  for  the  transmission 
lines  are  commonly  arranged  in  compartments 
or  rooms  isolated  from  the  control  apparatus. 
The  transformers  may  be  either  oil,  water  or  air 
cooled.  They  are  usually  single-phase  units 
grouped  to  provide  the  desired  phase  and  voltage 
transformation  for  the  transmission  lines.  The 
outgoing  transmission  lines  are  provided  with 
reactance  coils,  lightning  arresters  and  circuit 
breakers,  which  provide  protection  for  the  appa- 
ratus in  power  stations  from  possible  damage 
due  to  overloads,  grounded  lines,  short  circuits 


FIG.  487.  POWER  STATIONS.  Steam  Power  Station. 
Port  Morris,  New  York  City.  New  York  Central  &  Hudson 
River  Railroad. 
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FIG.  488.    POWER  STATIONS.     Interior  View,  Power  Station  of  the  Pennsylvania 
Railroad,  New  York  City.    Capacity  32,500  kw.  for  Traction  and  6,000  kw.  for  Lighting. 

and  lightning.  In  the  design  and  construction 
of  a  power  station,  attention  is  given  to  the 
arrangement  of  the  apparatus  in  the  circuit 
between  the  generators  and  the  transmission 
lines,  with  the  object  of  isolating  high  voltage 
equipment  from  low  voltage  equipment. 

Views  of  the  generating  and  feeder  switch- 
board, and  of  the  high  voltage  circuit  breakers 
of  a  typical  power  station  are  shown  by  figs.  490 
and  491. 

207.04  Water  Power  Elec- 
tric Generating  Stations :  Few 
American  steam  railroad 
electrification  projects  are  so 
located  as  to  permit  the  utili- 
zation of  water  power  for  gen- 
erating current.  In  Europe, 
however,  the  availability  of 
water  power  has  been  an  im- 
portant factor  influencing  the 
installation  of  electric  traction 
systems  (chapter  205).  The 
principal  elements  of  a  water 
power  generating  station  in- 
clude the  water  supply  deliv- 
ered into  a  building  which  con- 
tains the  water  turbines,  the 
electric  generating  apparatus, 
and  the  switching  and  control 
apparatus,  as  described  in 


stations.  The  characteristics 
of  the  electric  generators  are 
similar,  as  regards  voltage  and 
frequency,  to  those  used  in 
steam  plants,  but  the  speeds 
and  consequently  the  sizes  of 
the  generators  vary  greatly 
for  a  given  capacity,  depend- 
ing upon  the  character  of  the 
water  power  development. 
Thus,  high  head  developments 
utilize  high  speed  turbines 
and  generators  as  in  steam 
practice,  but  low  head  devel- 
opments employ  low  speed 
turbines  and  the  direct  con- 
nected generators  are  cor- 
respondingly large. 

207.05  Gas  Power  Generating  Stations:  Gas 
engine  or  internal  combustion  engine  power 
stations  have  thus  far  been  but  little  used  for 
electric  traction  systems,  there  being  only  one 
instance  in  which  this  form  of  power  constitutes 
the  sole  source  of  energy  supply  for  a  steam 
railroad  electrification. 

The  main  elements  of  a  gas  power  plant  include 
the  gas  supply,  the  engine  room  and  the  electric 
apparatus  room.  The  fuel  may  be  either  a  natural 


connection  with  steam  power 


FIG.  489.    TOWER  STATIONS.     Interior  View,   Port  Morris  Power  Station  of  the 
New  York  Central  &  Hudson  River  Railroad.    Capacity,  20,000  kw. 
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gas,  a  by-product  gas  obtained  from  some  indus- 
trial process  or  a  producer  gas.  There  are  few 
localities  favored  with  a  sufficient  supply  of  nat- 
ural gas  and  there  are  practically  no  instances 
in  which  sufficient  amounts  of  by-product  gas  are 
available. 

The  engine  room  of  a  gas  power  station  contains 
gas  engines  driving  electric  generators,  exciters 
and  engine  starting  apparatus.  The  equipment 
of  the  electric  apparatus  room  is  substantially  the 
same  as  that  used  for  steam  or  water  power  plants. 

207.06  Combination  Power  Stations:  Exist- 
ing power  stations  in  many  instances  utilize  a 
combination  of  different  kinds  of  power.  For 
example,  a  water  power  station  generally  has  an 
auxiliary  steam  power  plant  used  to  provide  a 
reserve  for  low  water  periods  or  for  heavy  peak 
loads.  Frequently  two  or  more  separate  power 
plants  may  furnish  power  to  a  traction  system. 
In  instances  of  this  kind  a  steam  power  plant 
may  be  located  at  one  point  and  a  water  power 
plant  at  another. 


FIG.  491.  POWER  STATIONS.  Circuit  Breakers  and 
Compartment.  Power  Station  of  the  Pennsylvania  Railroad  at 
New  York  City. 


TRANSMISSION  SYSTEMS 

207.07    Purpose  of  the  Transmission  System: 
The  purpose  of  the  transmission  system  is  to 


FIG.  490. 


supply  a  means  of  conveying  the  electric  energy 
from  the  power  station  to  points  at  which  it  is 
transformed,  and  in  some  cases  converted,  and 
from  which  it  is  distributed  to  the  contact  system. 
Power  may  be  distributed 
either  as  alternating  current 
or  as  direct  current,  but,  owing 
to  the  fact  that  alternating 
current  may  be  transformed 
and  transmitted  at  higher 
voltage  than  direct  current, 
greater  economy  is  possible 
with  systems  in  which  the 
power  is  transmitted  as  alter- 
nating current,  and  for  this 
reason  it  is  universally  used 
in  heavy  railroad  work. 

Conductors  for  transmission 
lines  are  of  copper  or  alum- 
inum wires,  the  former  being 
more  generally  employed. 
These  may  consist  of  bare 
wires  or  cables  supported  on 
poles  or  overhead  structures, 
of  insulated  cables  placed  un- 
derground, or  of  combinations 

POWER  STATIONS.    Bench  Board  in  Switching  Gallery,  Power  Station  of     °f  overhead  and  underground 
the  Pennsylvania  Railroad  at  New  York  City.  lines. 
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207.08  Overhead  Transmission  Lines:    When 
the  electric  current  is  transmitted  by  overhead 
conductors,  the  circuit  usually  consists  of  two  or 
three  wires  separated  at  sufficient  distance  from 
each    other    to    prevent    interference    or    short 
circuits.     These  conductors    are   carried   on  in- 
sulators attached  to  the  supports.     The  size  of 
the  conductors  is  determined  by  the  electrical 
conductivity  requirements  and  by  the  load  due 
to   the  weight  of  the  conductor  and  to  wind, 
ice  and  temperature  stresses.     The  transmission 
line  insulators  are  of  various  designs.     Porcelain, 
which  has  high  mechanical  and  electrical  strength, 
is  generally  used.     The  supports  may  be  wooden 
poles,  reinforced  concrete  poles,   steel  poles,  or 
steel  towers  or  bridges.     These   structures   arc 
designed  to  support  the  various  circuits  of  the 
transmission  lines  at  certain  minimum  distances 
above  the  ground.     Wooden  poles,  when  used  for 
supports,  are  normally  spaced  at  intervals  of  about 
100  feet.     Steel  poles  or  steel  towers  are  frequently 
spaced  at  intervals  of  600  feet  and,  under  special 
conditions,  very  heavy  construction  has  been  used 
for  spans  as  great  as  3,000  feet.     In  many  trans- 
mission lines,  a  ground  wire  is  carried  several  feet 
above  the  transmission  wire  as  a  means  of  pro- 
tection against  lightning.     This  wire  usually  is 
of   steel  and  is  grounded  at  frequent  intervals. 
Existing  overhead  transmission  lines  for  electric 
traction  systems  carry  current  at  voltages  rang- 
ing, from  11,000  to  100,000. 

207.09  Underground  Transmission  Systems: 
Underground  transmission  of  electric  current  is 
accomplished  by  means  of  lead  covered  insulated 
cables  installed  in  underground  ducts.    The  sev- 
eral conductors   of  a  circuit   are   usually   com- 
bined in  one  cable.     They  are  insulated  from  each 
other  and  from  the  lead  sheath.     The  under- 
ground ducts  or  conduits  in  which  the  cables  are 
carried  may  be  of  fiber,  concrete,  hollow  brick  or 
tile,  iron  pipe  or  other  materials.     The  ducts  are 
installed  in  sections  a  few  feet  below  the  surface 
of  the  ground  in  such  manner  as  to  provide  a 
smooth  interior  surface  which  permits  the  cables 
to  be  drawn  in  or  removed  as  desired.      Splicing 
chambers  for  connecting  the  ends  of  the  cable 
lengths  are  located  in  the  conduit  line  at  intervals 
of   about    400   feet.     Underground   transmission 
cables  are  seldom  used  for  voltages  higher  than 
11,000,  although   experimental  lines  of  consider- 


ably higher  voltages  have  been  installed  in  Europe 
on  railroad  electrifications. 

207.10  Relation    of    Transmission    Lines    to 
Electric  Traction  Systems :  Traction  systems  em- 
ploying third  rail   contact,   high  voltage  direct 
current    overhead   contact  or  three-phase  alter- 
nating current  overhead  contact,   generally   use 
three-phase  alternating  current  transmission  lines 
requiring  three  conductors  for  each  circuit.    Single- 
phase  alternating  current  overhead  contact  sys- 
tems are  usually  equipped  with  single-phase  alter- 
nating current  transmission  lines  requiring  two 
conductors  for  each  circuit.     A  few  installations 
are  in  existence  in  which  the  transmission  line  has 
been  omitted,  the  current  being  delivered  to  the 
contact  system  by  means  of  a  distributing  sys- 
tem radiating  from  the  power  station.     Such  in- 
stallations are  confined  to  the  single-phase  and 
the  three-phase  alternating  current  systems. 

In  traction  systems  employing  overhead  con- 
tact the  transmission  line  commonly  follows  as  far 
as  practicable  the  same  route  as  the  electrified 
t  racks,  and  extensions  of  the  supports  provided 
for  the  overhead  contact  system  are  used  to  sup- 
port the  transmission  line.  Traction  systems 
employing  third  rail  contact  require  either  a 
separate  pole  line  or  an  underground  conduit  for 
the  high  tension  transmission  wires.  Combina- 
tions of  overhead  and  underground  transmission 
lines  are  frequently  used  for  installations  in  which 
part  of  the  line  passes  through  tunnels  or  under 
bodies  of  water.  In  such  instances,  lightning  pro- 
tection for  cables  is  installed  at  the  point  of  junc- 
ture between  the  overhead  and  underground  lines. 

The  transmission  line  is  the  weakest  link  in  the 
chain  of  elements  of  the  power  supply.  Its  serv- 
ice may  be  interrupted  by  storms,  lightning  or 
other  influences.  In  order  to  guard  against  inter- 
ruptions, more  than  one  transmission  circuit  is 
usually  provided.  The  duplicate  circuits  often 
follow  different  routes. 

Views  of  typical  transmission  lines  are  shown 
by  figs.  492  to  494,  inclusive. 

SUBSTATIONS 

207.11  Functions    of    the    Substation:    The 

power  substation  performs  the  functions  of 
transforming,  converting  or  regulating  the  pri- 
mary current  delivered  by  the  transmission  line 
in  accordance  with  the  particular  needs  of  the 
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current  supply  for  the  contact  system.  Sub- 
stations are  located  at  such  intervals  along  the 
line  of  road  as  are  necessary  to.  provide  for  the 
economical  distribution  of  current  and  to  meet 
the  requirements  for  feeding  the  contact  system. 
207.12  Substations  for  Third  Rail  Systems: 
The  equipment  of  a  typical  substation  for  a 
direct  current  third  rail  system  of  traction  in- 
cludes the  following: 


ratus  and  the  circuits  through  which  the  direct 
current  is   distributed  to  the   contact   system. 

The  high  potential  current  is  introduced  into 
the  transformers  through  oil  circuit  breakers  and 
reactance  coils.  The  transformers  are  usually 
single-phase  units,  a  set  of  two  or  three  for  each 
conversion  unit  being  necessary  to  step  down 
three-phase  current  from  the  transmission  line  to 
the  required  voltage  for  the  conversion  units. 


FIG.  494.    TRANSMISSION  LINES.    Supporting  Structures  for  Transmission  Line  at 
a  River  Crossing,  New  York,  New  Haven  &  Hartford  Railroad. 


1.  Transformers  which  step  down  the  alternat- 
ing current  transmission  voltage  to  that  required 
for  the  converting  apparatus. 

2.  The  converting  apparatus  which  changes 
the  alternating  current  into  direct  current. 

3.  The  switching  apparatus  for  regulating,  con- 
trolling and  protecting  the  incoming  transmis- 
sion circuits,  the  circuits  of  the  substation  appa- 


These  transformers  may  be  oil,  air  or  water 
cooled,  depending  upon  the  voltage  and  upon 
local  conditions.  The  converting  machine  may 
be  either  a  rotary  converter  or  a  motor-generator 
set.  A  rotary  converter  consists  of  a  synchronous 
alternating  current  motor  and  a  direct  current 


712 


SMOKE  ABATEMENT  AND  ELECTRIFICATION  IN  CHICAGO 


heavy  load  and  are  charged  from  the  bus-bars 
during  periods  of  light  load.  The  capacity  of 
the  batteries  is  usually  sufficient  to  carry  the 
station  load  for  short  periods  and  thereby  to 
provide  protection  against  a  break-down  or 
shut-down  of  the  apparatus.  Special  ventilated 
rooms  isolated  from  the  substation  apparatus 
room  are  provided  for  the  batteries. 

The   number   and   location   of   direct   current 
substations    depend    upon    the    magnitude    and 
character  of   the   electric   load   and   upon   local 
conditions.     The  substations  are  as  few  and  are 
FIG.  495.    SUBSTATIONS.   Exterior  View  of  Substation  of    spaced  at  as  wide  intervals  as  is  consistent  with 

ir?g  i^^rK?ruc^^^"Ua^ntteVTranOT^on  and  Feeder  good  voltage  regulation  at  the  trains  under  max- 
Supports  are  of  Structural  Steel.  imum  load  conditions. 

generator,  combined  in  a  single  unit  with  but  Exterior  and  interior  views  of  a  substation  for 
one  armature  and  one  field  frame.  A  motor-  a  third  rail  electric  traction  system  are  presented 
generator  set  consists  of  an  alternating  current  as  fig5-  495  and  496. 

synchronous  or  induction  motor  direct  connected  207.13  Substations  for  High  Tension  Direct 
to  a  direct  current  generator.  The  rotary  con-  Current  Overhead  Systems:  Substations  for 
verter,  which  is  a  more  eco- 
nomical and  efficient  piece  of 
apparatus,  is  generally  used. 
The  direct  current  from  the 
converters  is  fed  to  the  third 
rail  contact  through  feeders. 
The  feeder  circuits  are 
equipped  with  circuit  break- 
ers and  instruments  for  indi- 
cating the  load.  The  substa- 
tion apparatus  is  housed  in 
fire-proof  buildings,  and  light- 
ning arresters  are  provided 
for  the  protection  of  the  ap- 
•  paratus.  Because  of  the  pres- 
ence of  moving  machinery, 
attendants  are  required. 

Substation  loads  are  sub- 
ject to  wide  fluctuations.  In 
some  installations  the  load 
is  regulated  by  means  of 
storage  batteries  in  the  direct 
current  circuit.  These  bat- 
teries are  connected  across 
the  bus-bars  of  the  distribut- 
ing circuit.  With  the  aid  of 
boosters,  these  batteries  feed 

current  to  the  line  when  the      pIG    4%     SUBSTATIONS     interior  View  of  Substation  of  the  New  York  Central 
substation  apparatus  is  under  &  Hudson  River  Railroad. 
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high  tension  direct  current 
overhead  contact  systems  are 
similar  to  those  used  for  third 
rail  installations,  the  principal 
difference  being  in  the  fact 
that  the  apparatus  is  arranged 
to  provide  high  voltage  cur- 
rent instead  of  low  voltage 
current  for  the  contact  at  the 
trains.  The  high  tension 
alternating  current  of  the 
transmission  lines  is  trans- 
formed to  the  voltage  required 
for  the  conversion  units  which 
deliver  the  converted  current 
to  the  contact  wires  through 
the  feeder  switching  appara- 
tus of  the  station.  Thetrans- 


FIG.  498.    SUBSTATIONS.    2,400- Volt  Direct  Current  Substation,  Butte,  Anaconda  & 
Pacific  Railway.    Motor-Generators  are  Used  for  Conversion  Units. 


formers  are  protected  on  the  primary  side  by 
oil  circuit  breakers  and  by  lightning  arresters. 
The  current  is  converted  by  means  of  rotary 
converters  or  motor-generators.  If  rotary  con- 
verters are  used,  two  machines  of  the  interpole 
type  are  provided.  The  two  machines  are 
mounted  on  the  same  bed  plate  and  the  arma- 
tures have  a  common  shaft.  They  are  con- 
nected in  series  through  their  direct  current 


FIG.  497.    SUBSTATIONS.     1,200- Volt  Direct  Current  Substation,  Southern  Pacific 

Railroad.  Berkeley,  Cal. 


terminals.  In  installations  in  which  the  cur- 
rent is  converted  by  means  of  motor-generators, 
one  alternating  current  motor  is  mounted  with  two 
direct  current  interpole  generators  on  a  single  base, 
the  three  machines  having  a  common  shaft.  The 
terminals  of  the  direct  current  generators  are  con- 
nected in  series.  The  series  connection  of  the 
direct  current  apparatus  is  necessary  because  of 
the  fact  that  direct  current  commutating  appa- 
ratus  has  not  been  construct- 
ed to  operate  satisfactorily  at 
voltages  higher  than  1,500. 
Installations  using  1,200  volts 
on  the  contact  system  are 
usually  provided  with  sets  of 
two  600- volt  rotary  converters 
connected  in  series  and  in- 
sulated for  1,200  volts,  or 
with  motor-generator  sets 
having  two  direct  current 
6oo-volt  generators  in  series 
and  insulated  for  1,200  volts. 
Some  installations,  however, 
use  rotary  converters  and 
motor-generators  wound 
directly  for  1,200  volts.  In- 
stallations using  direct  cur- 
rent at  2,400  volts  on  the 
contact  system  have  similar 
combinations  of  apparatus 
with  two  direct  current 
machines  in  series,  each 
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FIG.  499.  SUBSTATIONS.  11, 000- Volt  Single-Phase  Sub- 
station of  the  Norfolk  &  Western  Railway. 

wound  for  1,200  volts  and  insulated  for  2,400 
volts.  The  current  is  distributed  from  the  sub- 
station through  feeders  equipped  with  air  break 
circuit  breakers  and  load  indicating  instruments. 
As  is  the  case  in  substations  for  third  rail 
systems,  attendants  are  required. 

Interior  views  of  substations  for  1,200- volt 
and  for  2, 400- volt  direct  current  overhead  contact 
systems  are  presented  as  figs.  497  and  498. 

Some  experimental  work  has  recently  been  con- 
ducted with  a  form  of  mercury  arc  rectifier  for 
converting  large  amounts  of  power  from  alter- 
nating current  to  high  voltage  direct  current. 
The  satisfactory  development  of  this  apparatus 
will  make  possible  the  operation  of  a  substation 
for  transforming  and  converting  current  without 
rotating  machinery.  The  labor  cost  of  operating 
a  substation  could,  in  such  case,  be  reduced  and  a 
contact  voltage  higher  than  is  at  present  possible 
with  rotating  apparatus  could  be  obtained. 

207.14  Substations  for  Single-Phase  Over- 
head Contact  Systems:  Substations  for  single- 
phase  traction  systems  are  much  simpler  than 
those  required  for  direct  current  systems.  Rotat- 
ing apparatus  is  not  necessary.  It  is  required 


only  that  the  high  potential  transmission  current 
be  stepped  down  to  the  contact  voltage  by  trans- 
formers. Protective  devices,  such  as  reactances, 
lightning  arresters  and  oil  circuit  breakers,  are 
installed  both  in  the  transmission  circuit  and  in 
the  distribution  circuit.  The  single-phase  sub- 
station does  not  require  the  presence  of  regular 
attendants  although  frequent  inspections  are 
necessary.  The  circuit  breakers  are  arranged 
for  control  from  signal  towers  or  stations  some- 
times located  at  considerable  distances  from  the 
substation.  In  early  installations  the  apparatus 
of  the  single-phase  substations  was  housed  in 
small  buildings.  In  some  recent  installations  out- 
door, or  unhoused,  substation  apparatus  has  been 
successfully  used. 

Theoretically  it  is  possible  to  obtain  economical 
distribution  of  current  in  single-phase  systems  by 
spacing  the  substations  at  considerable  distances. 
Recent  installations,  however,  provide  substa- 
tions at  more  frequent  intervals  than  would  be 
required  from  consideration  solely  of  voltage 
regulation  and  economy,  in  order  that  induc- 
tive interferences  in  adjacent  telegraph  and  tele- 
phone lines  may  be  so  far  reduced  as  not  to  be 
objectionable. 

A  view  of  a  typical  substation  installation  of 
the  housed  type  for  a  single-phase  electrification 
is  presented  as  fig.  499,  and  a  view  of  an  outdoor 
type  is  presented  as  fig.  500. 

207.15  Substations  for  Three-Phase  Alternat- 
ing Current  Systems:  A  substation  for  traction 


FIG.  500.  SUBSTATIONS.  11, 000- Volt,  Single-Phase,  Out- 
door Substation  of  the  New  York,  New  Haven  &  Hartford 
Railroad. 
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systems  using  three-phase  alternating  current  on 
the  contact  is  similar  in  many  respects  to  the 
single-phase  substation  described  in  the  preced- 
ing section.  The  apparatus  required,  however,  is 
slightly  more  elaborate.  The  limiting  voltage 
for  the  contact  is  generally  lower  in  three-phase 
installations  than  in  single-phase  installations. 
Three-phase  transformers,  or  combinations  of  two 
or  three  single-phase  transformers  connected  for 
three-phase  current  transformation,  are  used. 
The  transmission  and  distributing  lines  are  pro- 
tected by  means  of  automatic  circuit  breakers  and 
lightning  arresters.  Existing  installations  provide 
small  buildings  for  housing  the  switching  appar- 
atus and  self-cooling  transformers.  The  presence 
of  attendants  is  not  required  in  the  operation, 
although  frequent  inspection  is  necessary. 

CONTACT  SYSTEMS 

207.16  The  Function  of  the  Contact  System: 
The  "contact"  conductor  is  the  link  in  an  electric 
traction  system  by  means  of  which  the  power  is 
delivered  to  the  locomotives  or  motor  cars.     In 
all  electric  traction  systems  the  contact  consists 
of    stationary   conductors    located    alongside    or 
above  the   track  to  be  served.     The   conductor 
must  be  insulated  for  electric  purposes,  and  must 
be  isolated  and  protected  to  insure  safety  and 
continuity  of  operation.     Furthermore,  it  must  be 
located  so  as  to  provide  a  minimum  interference 
with  existing   structures   or    rolling   equipment. 
The  current  is  taken  directly  from   the   contact 
conductor  or  conductors  by  means  of  a  rolling  or 
sliding  device  attached  to  the  locomotive  or  mo- 
tor car.     The  contact  equipment  requires  careful 
design  and  construction,  and  constant  attention 
in  maintenance  in  order  that  it  may  satisfy  the 
physical  and  traffic  conditions  incident  to  normal 
operation.     Contact  conductors  may  be  classified 
as  "third  rail"  and  "overhead." 

207.17  Third  Rail  Contact  Systems:    A  third 
rail  contact  system  consists  of  a  conductor  placed 
alongside  the  track,  supported  at  a  fixed  distance 
from  the   gage   line  and  above  the  level  of   the 
track  rail.     The  location   of  the   third   rail,  as 
standardized    by  the    American    Railway  Asso- 
ciation, is.  shown  in  the  diagram   presented  as 
fig.  501.     This  location  has  been  established  to 
provide  space  for  insulation,  to  prevent  interfer- 
ence with  existing  structures  and  rolling  equip- 


ment, and   to    permit   of  safe   and   satisfactory 
operation  of  the  locomotives  or  motor  cars. 

The  third  rail  is  supported  by  means  of  insu- 
lators constructed  of  such  materials  as  are  suitable 
for  the  voltage  employed  on  the  rail.  The  third 
rail  conductor  is  usually  provided  with  some  form 
of  guard  or  covering  to  serve  as  a  protection 
against  accidental  contact  of  employes  or  others. 
The  conductor  rail  is  of  steel,  generally  of  a  com- 
position having  a  lower  electrical  resistance  than 
the  steel  used  in  ordinary  track  rails.  Various 
third  rail  sections,  with  weights  ranging  from  25 
to  150  pounds  per  yard,  are  used.  The  standard 
rail  lengths  are  30  and  33  feet.  The  rails  are 
joined  by  means  of  light  fish-plates  and,  to  in- 
sure electrical  continuity,  are  bonded  with  copper 
bonds.  Two  types  of  contact  rail,  the  over  run- 
ning and  the  under  running,  are  in  general  use. 

The  over  running  rail  is  supported  on  insulators 
spaced  at  intervals  of  about  ten  feet.  These 
supporting  insulators  rest  upon  extra  length  track 
ties  inserted  in  the  track  at  proper  intervals.  In 
third  rail  operation  with  over  running  rail,  the 
locomotives  or  motor  cars  are  equipped  with 
contact  shoes  which  slide  along  the  top  of  the 
conductor  rail.  Protection  is  provided  by  means 
of  wooden  planking  supported  several  inches 
above  the  rail,  either  on  wooden  blocks  clamped 
to  the  third  rail  or  on  iron  brackets  mounted 
beside  the  insulator  on  the  extended  tie.  Occa- 
sionally, to  meet  local  conditions,  protection 
is  also  provided  on  the  outer  side  of  the  contact 
rail. 

A  drawing  showing  the  position  of  the  third 
rail  with  reference  to  the  track  rail,  the  third  rail 
section,  and  the  protection  provided  in  a  typical 
installation  of  the  over  running  third  rail  contact 
system,  is  presented  as  fig.  502. 

The  under  running  third  rail  contact  differs  from 
the  over  running  third  rail  contact  in  that  the 
collecting  device,  attached  to  the  locomotives  or 
motor  cars,  makes  contact  on  the  under  side  of 
the  rail  instead  of  on  the  top.  The  under  run- 
ning contact  rail  is  supported  at  intervals  of  about 
10  feet  by  brackets  mounted  on  extra  length  ties 
placed  in  the  railroad  track  at  proper  intervals. 
The  supporting  brackets  are  usually  of  cast  iron 
and  are  designed  to  clamp  the  third  rail  in  such 
manner  as  to  present  a  free  running  surface  on 
the  under  side  of  the  rail  for  the  contact  of  the 
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FIG.    502.    OVER  RUNNING  THIRD  RAIL   INSTALLATION.    POSITION   OF   THIRD   RAIL  WITH   REFERENCE 
TO  TRACK  RAIL,  THIRD  RAIL  SECTION,  AND  PROTECTION  PROVIDED 


SECTION  BETWEEN   BRACKETS 


WOODEN    PROTECTION 


JO       [THIRD  RAIL 
O     [ITOLBS.PERYD 

2     "     » 


FIG  503     UNDER  RUNNING  THIRD  RAIL  INSTALLATION.    POSITION  OF  THIRD  RAIL  WITH  REFER 
ENCE  TO  TRACK  RAIL,  THIRD  RAIL  SECTION.  SUPPORTING  BRACKET  AND  INSULATOR 
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collector  shoe  of  the  locomotive  or  motor  car. 
The  third  rail  is  insulated  from  the  supporting 
bracket  by  means  of  specially  designed  insulators 
inserted  between  the  rail  and  the  bracket.  The 
protection  for  the  under  running  contact  rail 
generally  consists  of  wood  or  of  a  fiber  compound 
and  is  made  in  sections.  The  protection  is  de- 
signed to  cover  all  surfaces  of  the  contact  rail 
except  the  bottom  or  contact  surface. 

A  drawing  showing,  in  cross-section,  the  rela- 
tive positions  of  the  third  rail  and  track  rail,  the 
supporting  bracket  and  the  insulator,  which  are 
employed  in  a  typical  installation  of  the  under 
running  type  of  third  rail  contact,  is  presented 
as  fig.  503. 

In  all  third  rail  installations,  it  is  sought  to 
provide  continuous  contact  for  the  locomotives 
and  motor  cars  by  having  the  third  rail  alongside 
the  track  at  all  points.  Gaps  are  necessary,  how- 


Prrmancnt  \sfey 
Structure 


CLEARANCE 
600    VOLT    D.  C.  OVERHEAD  CONTACT  RAIL 

ASSUMPTION 

Minimum  distance  car  running 
board  to  rail  O'-Ej" 


FIG.    504.    AMERICAN   RAILWAY  ASSOCIATION'S 

RECOMMENDED   PRACTICE    FOR   LIMITING 
CLEARANCES  FOR  OVERHEAD  CONDUCTOR  RAILS 


ever,  at  many  points  to  accommodate  various 
track  conditions,  such  as  railroad  crossings,  cross- 
overs and  slip  switches,  and  to  allow  for  road 
and  street  grade  crossings.  The  locomotives  and 
motor  cars  are  equipped  with  contact  shoes  at 
both  ends,  and  where  the  gaps  are  short  no  other 
means  are  necessary  to  provide  contact,  since  the 
distance  between  the  shoes  is  sufficient  to  span 
the  gap.  Gaps  of  even  greater  length  may  often 
be  crossed  by  allowing  the  train  to  coast  over 
the  distance.  Where  physical  conditions  make  it 
necessary  to  provide  long  gaps  in  the  third  rail, 
other  arrangements  are  necessary  to  supply  the 
contact.  This  is  accomplished  by  installing  an 
overhead  contact  rail  carried  by,  and  insulated 
from,  steel  supporting  structures.  Contact  is 
made  with  this  overhead  rail  by  means  of  a  shoe 
mounted  on  top  of  the  locomotive  or  motor  car. 
A  minimum  clearance  for  the  6oo-volt  overhead 
contact  rail  has  been  adopted  as  recommended 
practice  by  the  American  Railway  Association, 
as  follows: 


Distance  between  fape  of  rail  and  structure    . 
Distance  between  rolling  stock  and  contact  rail 


FEET 
o 
o 


INCHES 
90 
2-5 


Total  clearance  above  cars 
Height  of  car     .... 


Height  of  permanent  way  structure  . 


16 


". 5 
0-5 

o.o 


A  drawing  showing  this  arrangement  is  pre- 
sented as  fig.  504. 

The  electrical  continuity  of  the  third  rail  circuit 
at  gaps  is  maintained  by  installing  copper  jumpers 
underground  between  the  ends  of  rails.  These 
jumpers  consist  of  insulated  cables  installed  in 
conduits  of  iron  pipe  or  other  duct  material.  Elec- 
trical connection  between  the  third  rail  and  the 
overhead  contact  rail  is  made  by  means  of  insu- 
lated copper  cables. 

The  third  rail  conductor  is  sometimes  rein- 
forced electrically  by  a  system  of  feeders  direct 
from  the  substation.  Such  feeders  are  employed 
when  the  conductivity  of  the  maximum  desir- 
able size  of  rail  is  not  sufficient  to  maintain  the 
minimum  voltage  required  with  the  economical 
substation  spacing.  The  feeders  and  third  rail 
conductors  are  arranged  in  circuits  through  the 
agency  of  switching  stations  located  at  intervals 
along  the  tracks.  At  these  switching  stations 
circuit  breakers,  either  automatic  or  manual,  are 
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provided  so  that  tracks  may  be  sectionalized  in 
case  of  short  circuits  or  other  faults. 

Third  rail  construction  for  yard  tracks  is 
similar  to  that  employed  for  main  tracks  except 
that  the  contact  rail  is  usually  lighter.  Because 
of  the  number  of  switches  and  crossovers  which 
occur  in  yards,  it  is  frequently  necessary  to 
provide  a  considerable  extent  of  overhead  contact 
construction. 

Various  voltages  are  used  on  third  rail  con- 
ductors, the  most  common  in  America  being 
600  volts.  Some  installations  in  the  United 
States,  however,  use  direct  current  at  1,200  volts 
on  third  rail  contact.  An  interurban  line  is  now 
under  construction  on  which  it  is  proposed  to  use 
a  third  rail  contact  system  with  direct  current 


at  2,400  volts.  In  France,  direct  current  at  800 
volts  is  successfully  used  with  third  rail  contact. 
Thus  far,  third  rail  contact  systems  for  more  than 
800  volts  have  not  been  used  for  electric  operation 
under  steam  railroad  conditions. 

Views  of  existing  track  construction  on  which 
.  the  third  rail  contact  system  is  employed  are 
shown  by  figs.  505  to  512,  inclusive. 

207.18  Overhead  Contact  Systems:  Overhead 
contact  for  heavy  electric  traction  is  a  develop- 
ment of  the  overhead  trolley  used  by  street  and 
interurban  railways.  The  use  of  high  voltage 
current  has  made  necessary  the"  design  and 
construction  of  a  contact  which  can  be  satis- 
factorily insulated,  which  can  be  placed  in  a 
position  calculated  to  offer  the  least  interference 


FIG.  505.    THIRD  RAIL  CONTACT  SYSTEMS.    Main  Track  Construction,  600- Volt  Over  Running  Third  Rail 

Installation,  Pennsylvania  Railroad,  New  York  City. 
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with  rolling  equipment  and  fixed  structures,  and 
which  does  not  present  the  possibility  of  acci- 
dental contact  by  persons.  The  overhead  contact 
structure  must  be  of  such  mechanical  strength 
that  failure  is  not  more  likely  than  with  bridges 
or  other  permanent  structures.  In  many  over- 
head contact  installations,  steel  structures,  spaced 
normally  at  intervals  of  300  feet,  support  the 
overhead  contact  wires  through  the  agency  of 
various  types  of  catenary  construction  which 
provides  the  strength  and  security  desirable  in 
the  wire  structure,  and  the  uniformity  in  the 
support  of  the  contact  wire  necessary  to  satis- 
factory results  with  high  speed  operation.  The 
height  of  the  contact  wire  above  the  tracks  has 
varied  in  the  different  installations,  standards 
having  only  recently  been  established.  The 
practice  recommended  by  the  American  Railway- 
Association  is  as  follows :  * 

CASE    I — CLEARANCE   REQUIRED   FOR   TRAINMAN    \\llll 
LANTERN- 
FEET         IN<  iii-- 
Distance  between  wire  and  stnu't  lire       .      .         o  10.0 

Reach  of  6-foot  trainman 7  8.0 

Lantern I  o.o 

Clearance o 

Total  clearance  above  car       ....         9  11.5 

Height  of  car 15  0.5 

Height  of  permanent  way  structure .      .   ~"j.s  o.o 

To  meet  this  condition  of  maximum  clearance 
requirement,  where  men  give  signals  from  the 
tops  of  cars,  a  distance  of  9  feet,  11.5  inches, 
must  be  allowed  from  the  car  to  the  overhead 
structure,  or  a  clearance  of  25  feet  between 
the  top  of  track  rails  and  permanent  way 
structures  such  as  bridges  and  viaducts  over 
the  track. 

CASE   2 — CLEARANCE    REQUIRED    FOR    TRAINMAN    WITH' 
LANTERN- 
FEET          IV  111  - 

Distance  between  wire  and  structure        .      .          o  10.0 

Reach  ot  6-loot  trainman 7  g.o 

Clearance o  5.5 

Total  clearance  above  car       ...  s  11.5 

Height  of  car 15  (>  5 

Height  of  permanent  way  structure    .24  o.o 

The  above  case  is  only  permissible  where  men 
pass  over  or  ride  on  cars  solely  for  the  purpose 
of  setting  brakes,  and  are  prohibited  from  giving 
signals  from  the  tops  of  cars,  and  to  meet  this 

*  Report  of  the  American  Railway  Association  Committee  on  Electric  Work- 
ing, April  21,  1913. 


condition  a  distance  of  8  feet,  11.5  inches,  must 
be  allowed  from  the  car  to  the  overhead  structure, 
or  a  structure  clearance  of  24  feet. 

CASE    3  —  NORMAL    MINIMI  M    CLEARANCE    WIIIHK    1    1KAINMIN 
|>N    CARS 

FEET  INi  111  - 

n  wire  and  structure        .  o  IO.O 

Desirable    clearance    between    rolling    s: 
and  wire 2  1.5 

Total  clearance  above  car       ....         2  115 

Height  of  car 15  0.5 

Height  of  permanent  way  structure'        .       18  o.o 

The  above  case  shows  2  feet,  11.5  inches,  as 
the  minimum  desirable  clearance  for  normal 
construction,  where  men  are  prohibited  from 
riding  on  the  tops  of  cars 

CASE   4  —  SPECIAL    MINIMI   M    CLEARANCE    REQl  IK1  Ml  M- 


IN,  ||l-< 
O 

o  11.5 


]  structure 
•nee  Ix-twecn  rolling  stock  and  wire 

: rancc  above  car       ....          i  9.5 

Height  of  car is  0.5 

Height  of  permanent  way  structure  M.  10.0 

This  case  is  given  as  representing  the  mini- 
mum clearance  which  should  be  used  where 
joint  steam  and  electric  operation  is  involved, 
and  requires  a  distance  of  i  foot,  9.5  inches, 
from  car  to  overhead  structure,  and  a  structure 
clearance  of  16  feet,  10  inches,  from  the  rail. 
If  the  railroad  is  operated  by  electric  power 
only  and  steam  locomotives  are  excluded,  the 
above  clearances  may  be  somewhat  reduced, 
allowing  the  electrieal  conductor  to  be  installed 
under  structures  having  a  height  of  16  feet, 
6  inches,  above  top  of  rail. 

The  diagrams  presented  as  fig.  513  show  these 
clearance  dimensions  graphically. 

In  individual  installations,  special  features  of 
construction  are  employed  to  meet  the  peculiar 
needs  of  the  system  used.  The  overhead  contact 
for  high  voltage  single-phase  current  operation 
usually  consists  of  supports  made  of  structural 
steel  and  of  catenary  wire  construction.  Cate- 
nary construction  involves  the  use  of  steel 
messenger  cables  freely  suspended  in  spans,  with 
a  convenient  sag  between  supports  located  at 
fixed  intervals.  The  messenger  cables  support 
the  contact  wire  or  wires  by  means  of  vertical 
hangers  of  varying  lengths.  These  hangers  are 
spaced  at  intervals  of  from  10  to  15  feet  and  are 
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FIG.  506.  THIRD  RAIL  CON- 
TACT SYSTEMS.  Main  Track 
Construction,  600  •  Volt  Under 
Running  Third  Rail  Installation, 
New  York  Central  &  Hudson 
River  Railroad,  New  York  City. 


FIG.  507.  THIRD  RAIL  CON- 
TACT  SYSTEMS.  Construction 
at  Switches,  600-Volt  Over  Run- 
ning Third  Rail  Installation,  Penn- 
sylvania Railroad.  New  York  City. 
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FIG.  508.    THIRD  RAIL  CONTACT  SYSTEMS.    Construction  at  Switches,  600-Volt  Under  Running  Third  Rail  In- 
stallation, New  York  Central  &  Hudson  River  Railroad,  New  York  City. 


FIG.  509.    THIRD  RAIL  CONTACT  SYSTEMS.    600-Volt  Over  Running  Third  Rail  Construction,  Sunnyside  Yard. 

Pennsylvania  Railroad,  Long  Island  City,  N.  Y. 
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adjusted  to  support  the  trolley  wire  at  a  uniform 
height  above  the  track.  The  span  of  the  catenary 
messengers  varies  from  about  150  to  300  feet  on 
straight  track,  this  distance  being  reduced  on 
curves  to  provide  for  proper  suspension  of  the 
contact  wire.  Designers  of  overhead  catenary 
systems  have  endeavored  to  obtain  a  flexible  con- 
struction which  will  support  the  contact  wire  with- 
out appreciable  sag,  a  condition  which  is  essential 
to  the  collection  of  current  at  high  speeds. 

There  are  three  general  types  of  catenary 
construction,  the  single,  double  and  compound. 
The  single  catenary  involves  the  use  of  a  single 
messenger  cable  attached  to  insulators  on  the 
supporting  structures,  and  of  hangers,  dependent 
from  the  messenger  cable,  which  support  the 
trolley  wire  in  proper  position  above  the  track. 
The  double  catenary  has  two  catenary  messenger 
cables  supporting  the  trolley  wire,  these  messengers 
being  supported  a  few  feet  apart  and  at  the  same 
elevation.  The  trolley  wire  is  suspended  below 
the  messenger  cables  at  the  lower  apex  of  an 
equilateral  triangle  of  which  a  line  connecting  the 
two  messengers  forms  the  opposite  side.  Com- 
pound catenary  construction  involves  the  use  of 
two  messenger  wires,  one  being  carried  on  the 
main  supports  without  insulators  and  the  other 
being  supported  by  intermediate  insulators  de- 
pendent from  the  first  messenger.  The  trolley 
wire  is  supported  by  hangers  dependent  from 
the  second  messenger,  as  in  the  case  of  the  single 
catenary  construction. 


The  support  of  the  contact  wire  has  received 
careful  attention.  It  has  been  found  that  when 
this  wire  is  suspended  directly  from  the  mes- 
senger wire,  the  points  of  support  present  hard 
spots  in  an  otherwise  flexible  conductor.  These 
hard  spots  cause  the  collecting  device,  when 
moving  at  high  speed,  to  leave  the  wire,  with  the 
result  that  arcing  is  produced.  To  obviate  this 
trouble,  a  second  wire  is  hung  a  few  inches  below 
the  trolley  wire  and  supported  by  clips  at  mid- 
points between  messenger  hangers.  This  con- 
tact wire  is  found  to  present  a  flexible  surface 
for  the  collecting  devices.  On  so'me  installations 
the  catenary  messenger  supports  a  copper  second- 
ary from  which  a  steel  contact  wire  is  suspended; 
in  other  and  more  recent  installations  the  contact 
wire  is  of  copper  alloy  suspended  from  a  steel 
secondary. 

The  insulators  for  the  single-phase  overhead 
contact,  which  support  directly  the  catenary  con- 
struction, are  subjected  to  heavy  mechanical 
and  electrical  strains.  Porcelain  is  generally  used 
for  insulators  when  the  mechanical  loads  either  of 
compression  or  tension  are  high;  impregnated 
wood  is  sometimes  used  in  tension.  On  installa- 
tions where  both  steam  and  electric  services  are 
operated  the  insulators  must  be  of  particularly 
high  electrical  strength,  since  the  deposits  from 
locomotive  gases  tend  materially  to  reduce  the 
insulating  capacity.  In  single  or  double  catenary 
construction  the  messenger  cables  are  usually 
supported  by  means  of  suspension  or  pin  type 


FIG.  510.     OVERHEAD  THIRD  RAIL  CONSTRUCTION,  TERMINAL  AREA,  PENNSYLVANIA  RAILROAD 

PASSENGER  STATION,  NEW  YORK  CITY 
This  Type  of  Construction  is  Employed  when  Conditions  do  not  Permit  the  Installation  of  Third  Rail  alongside  the  Track. 
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FIG.  511.    YARD  TRACK  CONSTRUCTION,  600- VOLT  OVER  RUNNING  THIRD  RAIL 
Position  of  Passenger  Coaches  with  Reference  to  Third  Rail,  Sunnyside  Yard.  Pennsylvania  Railroad,  Long  Island  City,  N.  Y. 


FIG.  512.    YARD  TRACK  CONSTRUCTION,  600-VOLT  OVER  RUNNING  THIRD  RAIL 
Position  of  Freight  Cars  with  Reference  to  Third  Rail,  Sunnyside  Yard,  Pennsylvania  Railroad,  Long  Island  City,  N.  Y. 
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insulators  attached  to  the  overhead  structures. 
Suspension  insulators  are  used  with  compound 
catenary  construction,  the  messengers  which  di- 
rectly support  the  contact  wires  being  insulated 
from  the  primary  supporting  messengers  at  the 
points  of  suspension.  The  primary  messenger 
cables  are  ordinarily  attached  directly  to  the 
supporting  structures  without  insulation. 

Two  general  types  of  supporting  structures, 
anchor  supports,  or  "bridges,"  and  intermediate 
supports,  are  necessary  for  catenary  construction. 
The  anchor  bridge  performs  both  the  function  of 
sustaining  the  vertical  loads  due  to  the  weight 


sometimes  employed,  especially  in  instances  in 
which  no  automatic  take-up  device  is  used  and 
also  where,  because  of  local  conditions,  it  may  be 
necessary  or  desirable  to  dead-end  the  catenary 
wires.  Since  the  stresses  imposed  upon  anchor 
supports  are  greater  than  those  imposed  upon  the 
intermediate  structures,  the  anchor  supports  are 
constructed  of  heavier  sections  and  are  designed 
to  resist  heavy  longitudinal  stresses.  A  typical 
anchor  bridge  consists  of  a  heavy  "A  "-frame 
bent  set  in  a  concrete  foundation  on  either 
side  of  the  track  and  supporting  a  structural 
steel  truss. 


FIG.  514.    OVERHEAD  CONTACT  SYSTEMS.    Single  Catenary  Overhead  Contact  System  on  Curve.    11, 000- Volt 
Single-Phase  Main  Line  Construction,  Pennsylvania  Railroad,  near  Philadelphia,  Pa. 


of  the  messengers,  hangers  and  contact  wires, 
and  that  of  resisting,  where  required,  a  consider- 
able longitudinal  load.  Thus,  the  anchor  bridge 
provides  the  means  for  dead-ending  the  catenary 
system  so  that  the  messenger  and  trolley  wires 
may  be  adjusted  for  proper  tension.  Devices  for 
compensating  automatically  for  temperature  vari- 
ation are  sometimes  used  in  America  and  quite 
generally  in  Europe.  Anchor  bridges  are  spaced 
at  intervals,  seldom  greater  than  two  miles,  on 
main  line  tangent  track.  Shorter  intervals  are 


Intermediate  supports  are  designed  to  sustain 
vertical  loads  due  to  the  weight  bf  the  catenary 
system,  and  also  limited  longitudinal  stresses. 
They  are  placed  between  the  anchor  bridges  at 
such  intervals  as  may  be  necessary  to  provide 
the  desired  messenger  span.  Intermediate  struc- 
tures may  be  either  of  the  bridge  type  or  of  the 
cross  catenary  type.  The  bridge  type  is  a  struc- 
ture similar  in  appearance  to  the  anchor  bridge 
but  of  much  lighter  construction.  It  consists  of 
a  form  of  steel  truss  supported  by  two  posts  or 
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FIG.  515.    OVERHEAD  CONTACT  SYSTEMS.    Single  Catenary  Overhead  Contact  System  on  Tangent  Track. 
11, 000- Volt  Single-Phase  Main  Line  Construction,  Pennsylvania  Railroad,  near  Philadelphia,  Pa. 


FIG.  516.    OVERHEAD  CONTACT  SYSTEMS.    Compound  Catenary  Overhead  Contact  System.    11. 000- Volt  Single- 
Phase  Main  Line  Construction,  New  York,  New  Haven  &  Hartford  Railroad,  near  New  York  City. 
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FIG.  517.    OVERHEAD  CONTACT  SYSTEMS.     Compound  Catenary  Overhead  Contact  System  on  Curve.     11, 000- Volt 
Single-Phase  Main  Line  Construction,  New  York,  Westchester  &  Boston  Railway,  Vicinity  of  Now  York  City. 


FIG.  518.    OVERHEAD  CONTACT  SYSTEMS.    Double  Catenary  Overhead  Contact  System.     11, 000- Volt  Single-Phase 
Mam  Line  Construction,  New  York,  New  Haven  &  Hartford  Railroad. 
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FIG.  519.    OVERHEAD  CONTACT  SYSTEMS.     Yard  Track  Construction.     11, 000- Volt  Single-Phase  Electrification 
South  Norwalk  Yard,  New  York,  New  Haven  &  Hartford  Railroad. 


FIG.  520.    OVERHEAD  CONTACT  SYSTEMS.    Anchor  Bridge  and  Electric  Switching  Station,  New  York, 

New  Haven  &  Hartford  Railroad. 
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FIG.  521.    OVERHEAD  CONTACT  SYSTEMS.    Yard  Track  Construction.     11,000- Volt  Single-Phase 
Electrification,  Harlem  River  Yard,  New  York,  New  Haven  &  Hartford  Railroad 


FIG.  522.    OVERHEAD  CONTACT  SYSTEMS.    Cross  Catenary  Span.  Yard  Track  Construction.     11.000-Volt  Single- 
Phase  Electrification,  New  York,  New  Haven  &  Hartford  Railroad. 
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bents.  The  cross  catenary  type  of  intermediate 
support  consists  of  a  cross  span  of  steel  messenger 
cables  supported  by  poles  set  on  either  side  of 
the  tracks.  This  type  of  support  provides  a 
light  and  economical  construction  for  intermedi- 
ate structures.  The  messengers  of  the  catenary 
system  are  suspended  from  the  cross  messengers 
by  means  of  suspension  insulators.  The  cross 
catenary  type  of  construction  is  usually  employed 
in  yards,  where  it  may  be  used  to  provide  the 


construction  on  American  railroads  differ  widely, 
and  foreign  construction  (which  is  not  here  illus- 
trated) shows  even  greater  differences  in  practice. 
In  general,  overhead  contact  construction  design 
is  in  a  formative  stage,  and  considerable  data 
from  practical  operation  of  electric  railroads 
equipped  with  this  form  of  contact  are  needed 
to  standardize  types  and  details. 

Views  of  various  types  of  overhead   contact 
construction   for  single-phase  operation  on  main 


FIG.  523.    SWITCHING  STATION  ON  ANCHOR  BRIDGE.      11,000- Volt  Single-Phase  Electrification, 

New  York,  Westchester  &  Boston  Railway. 


necessary  support  for  contact  wires  over  many 
parallel  tracks. 

The  supporting  structures  for  the  catenary  have 
extended  posts  to  provide  supports  for  trans- 
mission wires,  feeder  wires,  ground  wires,  signal 
wires  and  control  wires.  A  simple  type  of  de- 
flector is  used  on  the  contact  wire  at  switches. 

It  should  be  noted  that  the  type  and  details  of 


tracks  are  shown  by  figs.  514  to  519,  inclusive. 
Views  of  similar  construction  for  yard  tracks 
are  shown  by  figs.  520  to  522,  inclusive. 

The  voltage  used  on  single-phase  contact  sys- 
tems varies  from  3,000  to  15,000.  Experiments 
have  been  successfully  conducted  with  alternat- 
ing current  at  20,000  volts  on  the  contact  wire. 
In  the  United  States,  the  maximum  potential 
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FIG.  524.    OVERHEAD  CONTACT  SYSTEMS.    6,600- Volt  Three-Phase  Main  Line 
Construction,  Great  Northern  Railway,  Cascade  Tunnel. 


used  is  1 1 ,000  volts,  and  this  value  has  apparent- 
ly become  standard  for  heavy  electric  traction. 
In  Europe,  many  single-phase  installations  operate 
with  15,000  volts  on  the  contact  wire. 

Means  are  usually  provided  in  contact '  con- 
struction for  the  isolation  of  the  contact  wires 
and  of  the  feeder  wires,  in  case  of  accidents  or 
other  emergencies,  by  the  installation  of  switch- 
ing stations  at  important  points.  At  the  switch- 
ing stations  automatic  switches  are  provided  to 
open  the  affected  circuits,  thereby  preventing  the 
possibility  of  damage  to  the  substation,  power 
house  or  other  equipment.  By  this  arrangement, 
also,  delays  to  traffic  are  confined  to  compara- 
tively short  sections  of  track.  The  switches  are  of 
the  oil  break  type.  They  are  located  at  suitable 
points  on  anchor  bridges  and  are  controlled  by 
the  operator  of  a  nearby  signal  tower  or  by  some 
other  employe  located  in  the  neighborhood  for 
the  performance  of  other  duties.  At  the  points 
where  the  switches  are  located  insulated  section 
breaks  are  provided  in  the  contact  wires. 

A  view  of  a  typical  installation  of  this  type  of 
switching  station  is  presented  as  fig.  523. 

The  three-phase  alternating  current  system  of 
traction  employs  an  overhead  contact  supported 
on  structures  similar  to  those  employed  for  single- 
phase  systems,  but  requiring  two  contact  wires 
above  each  track.  These  conductors  are  spaced 
from  three  to  eight  feet  apart,  and  the  distance 
above  the  tracks  is  governed  by  the  same  con- 
siderations as  those  obtaining  in  the  single-phase 


system.  The  presence  of  two 
contact  wires  for  each  track 
necessarily  introduces  com- 
plications in  the  construction. 
The  wires  are  insulated  from 
each  other  and  from  the 
ground,  since  a  difference  of 
potential  in  the  two  wires 
equal  to  the  contact  voltage 
must  be  maintained.  Cate- 
nary construction  has  not 
been  generally  employed  with 
three-phase  overhead  contact 
systems,  because  of  the  added 
difficulty  of  insulating  the 
messenger  wires.  The  thn 
phase  contact  wires  are  there- 


fore usually  supported  directly  by  flexible  con- 
nections to  the  overhead  structures  or  by  double 
cross-span  suspension.  Spans  between  support- 
ing structures  are  usually  shorter  for  three-phase 
construction  than  for  single-phase  construction. 

The  complications  of  the  overhead  construction 
and  the  difficulties  of  insulating  contact  wires  have 
led  to  the  use  of  comparatively  low  voltages  on 
three-phase  contact  wires.  Existing  installations 
have  potentials  varying  from  750  to  6,600  volts. 
Experimental  installations  have  been  operated 
with  three-phase  current  at  11,000  volts.  The 
three-phase  system  has  been  more  extensively 
used  in  Europe  than  in  the  United  States,  there 
being  but  one  installation  in  this  country.  This 
is  in  the  Cascade  tunnel  electrification  of  the 
Great  Northern  Railway,  which  employs  three- 
phase  current  at  6,600  volts.  In  Europe,  many 
three-phase  systems  operate  at  3,000  volts. 

A  view  of  a  three-phase  overhead  contact  sys- 
tem is  presented  as  fig.  524. 

Overhead  contact  systems  for  high  voltage 
direct  current  do  not  differ  materially  in  design 
from  those  employed  for  single-phase  alternating 
current  operation.  Owing  to  the  fact,  however, 
that  lower  voltages  are  used  with  direct  current 
than  with  alternating  current,  the  conductors 
must  be  of  greater  carrying  capacity  in  order  to 
deliver  a  given  amount  of  power  to  the  locomotives 
or  motor  cars.  Feeders  are,  therefore,  usually 
provided  for  direct  current  operation  to  prevent 
prohibitive  drops  in  potential.  Because  of  the 
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FIG.  525.    OVERHEAD  CONTACT  SYSTEMS.    Catenary  Construction,  1,200- Volt  Direct  Current  Terminal  Yard, 

Southern  Pacific  Railroad,  Oakland,  Cal. 


FIG.  526.    OVERHEAD  CONTACT  SYSTEMS.    Catenary  Construction,  1,200- Volt  Direct  Current  Main  Line,  Southern 

Pacific  Railroad,  near  Oakland,  Cal. 
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FIG.  527.    OVERHEAD  CONTACT  SYSTEMS.    Catenary  Construction,  1,200- Volt  Direct  Current  Main  Line,  Southern 

Pacific  Railroad,  near  Oakland,  Cal. 


difficulty  experienced  in  collecting  heavy  current 
from  a  single  contact  wire,  it  is  proposed  on  an 
important  direct  current  installation  now  under 
construction  to  use  two  copper  contact  wires  hung 
from  a  single  messenger  cable. 

The  voltage  employed  on  direct  current  contact 
systems  is  small  as  compared  with  that  used  on 
single-phase  contact  systems,  the  limitations  being 
in  the  apparatus  which  furnishes  and  utilizes  the 
electric  current,  and  not  in  the  contact.  In  the 
United  States,  direct  current  contact  systems  are 
operated  at  from  1,200  to  2,400  volts,  and  an 
installation  is  now  under  construction  for  opera- 
tion at  3,000  volts. 

Views  of  overhead  contact  systems  for  direct 
current  are  shown  by  figs.  525  to  530,  inclusive. 

ELECTRIC    LOCOMOTIVES    AND 
MOTOR   CARS 

207.19     Electric  Locomotives  and  Motor  Cars: 

Electric  locomotives  have  been  designed  and  built 
for  all  classes  of  passenger,  freight  and  switching 


services.  Motor  cars  have  proved  their  value  for 
handling  passenger  traffic  involving  frequent  train 
movements  and  short  runs  between  stops.  Motor 
cars  and  trailers  grouped  in  trains  and  electrically 
connected  by  a  multiple  system  of  control  con- 
stitute multiple-unit  trains.  This  system  of 
grouping  and  connecting  cars  provides  great  flexi- 
bility in  the  make-up  of  trains  and  simplifies  ter- 
minal movements  in  making  up  and  putting  away. 
The  main  elements  of  an  electric  locomotive 
or  motor  car  consist  of  the  following: 

1.  Current  collectors. 

2.  Control  apparatus. 

3.  Motor  equipment. 

4.  Driving  mechanism  between  the  motors  and 
the  wheels. 

5.  Body  or  cab. 

6.  Trucks. 

7.  Brake  equipment. 

The  electrical  features  of  electric  locomotives 
and  motor  cars  designed  for  the  different  systems 
of  traction  vary  widely,  although  the  mechanical 
features  for  the  same  weights  and  classes  of  equip- 
ment may  be  similar. 
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FIG.  528.  OVERHEAD  CON- 
TACT SYSTEMS.  Single  Cate- 
nary 2,400-Volt  Direct  Current 
Main  Line  Construction,  Butte, 
Anaconda  &  Pacific  Railway. 


FIG.  529.  OVERHEAD  CON- 
TACT SYSTEMS.  Single  Cate- 
nary 2,400-Volt  Direct  Current 
Yard  Track  Construction,  Butte, 
Anaconda  &  Pacific  Railway. 


FIG.  530.  OVERHEAD  CON- 
TACT SYSTEMS.  Single  Cate- 
nary 2,400-Volt  Direct  Current 
Yard  Track  Construction,  Butte, 
Anaconda  &  Pacific  Railway. 
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207.20  Current  Collecting  Devices:  Current 
collecting  devices  supply  the  means  by  which 
electric  current  is  taken  from  the  contact  and 
delivered  to  the  motors  of  the  locomotives  or 
motor  cars.  They  consist  of  sliding  or  rolling  de- 
vices adjusted  to  remain  in  continuous  contact 
with  the  conductor  of  the  overhead  or  third  rail 
contact  system.  Two  general  types  of  collecting 
devices  are  used,  namely,  those  for  collecting 
current  from  third  rail,  ordinarily  referred  to  as 
"third  rail  shoes,"  and  those  for  collecting  current 
from  overhead  contact  wires,  commonly  known  as 
"trolleys"  or  "pantographs." 

The  third  rail  shoes  are  of  cast  iron  and  are 
hinged  to  brackets  mounted  on  wooden  beams  at- 
tached to  the  trucks  of  the  locomotives  or  motor 
cars.  The  wooden  beams  serve  to  insulate  the 
shoes  from  the  trucks  and  they  also  provide  a 
means  of  adjustment  to  take  up  wear  on  the 
wheels  or  shoes.  The  hinge  device  allows  the 
shoe  to  remain  in  constant  contact  with  the  third 
rail  despite  minor  irregularities  in  its  elevation. 
In  over  running  third  rail  installations  the  contact 
shoe  is  pressed  down  against  the  top  of  the  rail 
by  means  of  a  spring,  and  in  under  running  third 
rail  installations  a  similar  arrangement  serves  to 
press  the  shoe  upward  against  the  bottom  or  con- 
tact surface  of  the  rail.  In  addition  to  the  shoe 
contacts,  electric  locomotives  are  sometimes  pro- 
vided with  a  collector  for  taking  current  from 
overhead  contact  rails  spanning  gaps  in  the  third 
rail  alongside  the  track.  The  collector  used  at 
such  points  consists  of  a  shoe  placed  on  top  of  the 
locomotive  and  so  arranged  that  when  not  in  use 
it  may  be  folded  or  drawn  down  flat  on  top  of 
the  cab.  It  is  raised  by  springs  to  make  contact 
with  the  overhead  rail  when  released  by  the 
locomotive  operator.  Motor  cars  do  not  require 
this  type  of  collector,  as  motor  car  trains  are 
usually  of  sufficient  length  to  span  any  ordinary 
gap  in  the  normal  third  rail  construction.  Since 
the  voltage  used  in  third  rail  operation  is  com- 
paratively low,  elaborate  methods  of  insulating 
the  contact  device  are  unnecessary.  The  fact 
that  low  voltage  is  used,  however,  makes  heavy 
currents  necessary  and  requires  a  relatively  large 
area  of  contact  between  the  third  rail  and  the 
shoes. 

The  collecting  device  used  in  heavy  electric 
traction  systems  in  connection  with  overhead 


contact  usually  consists  of  a  pantograph  or  a 
sliding  bow  collector.  The  familiar  trolley  with 
wheel,  harp,  pole  and  spring  base  is  used  only  to  a 
limited  extent  on  steam  railroad  electrifications. 
The  pantograph  has  a  folding  frame  of  light  steel 
tubing,  with  a  shoe  or  roller  at  the  top  and  with 
horns  extending  outward  and  downward  at  both 
ends  to  prevent  the  contact  wire  from  accidentally 
getting  under  the  shoe  or  roller.  The  pantograph 
is  fastened  to  the  top  of  the  locomotive  or  car  by 
means  of  insulated  supports.  It  is  so  arranged 
that,  when  released,  it  is  automatically  raised  by 
springs,  and  it  is  lowered  and  latched  by  means  of 
compressed  air  controlled  by  the  motorman  or 
engineman.  The  collector  is  held  in  continuous 
contact  with  the  contact  wire  by  the  springs  on 
the  pantograph  frame.  As  there  is  usually  some 
variation  in  the  height  of  the  contact  wire  above 
the  tracks,  the  range  of  extension  of  the  panto- 
graph is  necessarily  considerable.  The  panto- 
graph is  a  high  speed  collector.  It  is  very  flexible 
and  accommodates  itself  without  difficulty  to  or- 
dinary variations  in  the  height  of  the  contact 
wire.  It  is  light  in  weight  and  the  pressure 
exerted  by  it  against  the  contact  wire  is  also 
light  enough  to  prevent  undue  wear. 

The  contact  making  device  with  which  the 
pantograph  is  surmounted  may  be  either  a  roller 
or  a  shoe,  the  roller  being  a  thin  metal  cylinder 
which  revolves  about  the  shaft  on  the  pantograph 
frame  and  the  shoe  being  of  channel  shaped 
pressed  steel.  The  shoe  contact  is  extensively 
used  as  a  collecting  device  for  single-phase  systems 
and  the  roller  pantograph  is  frequently  employed 
for  high  voltage  direct  current  systems. 

207.21  Control  Apparatus:  The  apparatus  by 
means  of  which  current  is  furnished  to  the  motors 
of  locomotives  and  motor  cars  is  known  as  the 
"multiple-unit  control."  As  defined  by  its  in- 
ventor, Mr.  Frank  J.  Sprague,*  it  is  a  "semi- 
automatic system  of  control  which  permits  of  the 
aggregation  of  two  or  more  transportation  units, 
each  equipped  with  sufficient  power  only  to  fulfil 
the  requirements  of  that  unit,  with  means  at  two 
or  more  points  on  the  unit  for  operating  it  through 
a  secondary  control,  and  a  train  line  for  allowing 
two  or  more  of  such  units,  grouped  together 
without  regard  to  end  relation,  or  sequence,  to  be 

*  Paper  read  before  the  American  Institute  of  Electrical  Engineer*,  May.  1899. 
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simultaneously  operated  from  any  point  in  the 
train." 

The  current  control  as  defined  above  has  sim-r 
been  materially  extended  in  its  application.  It 
is  now  used,  particularly  on  locomotives,  as  a 
means  of  providing  a  remote  control  for  the  heavy 
motor  currents  and  as  a  means  of  operating  more 
than  one  unit  from  a  single  point.  Two  types  of 
multiple-unit  control  are  in  general  use.  One  of 
these  involves  the  use  of  contactors  or  heavy 
switches  in  the  motor  circuits.  These  switches 
are  electromagnetically  operated  by  a  master 
controller  through  a  train  line  or  cable.  Where 
more  than  one  unit  is  to  be  operated,  the  train 
line  is  made  continuous  by  the  use  of  jumper  ca- 
bles between  units,  thus  connecting  all  contactor 
groups  with  the  master  controller.  The  master 
controller  does  not  act  directly,  but  governs  the 
operation  of  the  motor  contactors  on  each  motive 
power  unit  which  in  turn  affect  the  switching 
and  grouping  of  the  motors,  the  resistance,  or  the 
transformer  taps  in  the  power  circuit  of  each  unit, 
to  attain  the  desired  operating  condition.  The 
other  system  of  multiple-unit  control  utilizes  air 
pressure  for  operating  the  contactors  or  unit 
switches.  The  operation  of  the  air  mechanism  of 
the  unit  switches  is  governed  by  electrically 
operated  valves  controlled  by  the  master  con- 
troller through  the  agency  of  the  train  line.  The 
current  used  in  the  master  controller  and  train 
line  for  actuating  the  contactors  and  air  valves 
of  the  control  systems  is  obtained  either  from  low 
voltage  storage  batteries  or  from  the  contact 
system.  When  the  contact  voltage  does  not 
exceed  approximately  600  volts  the  current  for 
the  train  line  and  valves  may  be  taken  direct- 
ly from  the  line.  When  the  contact  voltage  is 
higher,  transformer  taps  or  motor  generator  sets 
are  used. 

207.22  Motor  Equipment:  Four  general  types 
of  motors  are  used  for  propulsion  in  electric 
traction  systems.  For  direct  current  operation 
the  series  motor  is  standard.  For  single-phase 
alternating  current  operation  the  series  motor,  the 
repulsion  motor  or  a  combination  series  repulsion 
motor  is  used.  With  three-phase  alternating  cur- 
rent operation  a  three-phase  motor  is  used.  It 
should  be  noted  that  the  classification  of  motors 
with  reference  to  the  different  kinds  of  current 
relates  to  the  current  available  at  the  terminals 
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of  the  motors  and  not  nocrssarily  to  the  currrnt, 
used  on  the  contact  system. 

The  direct  current  series  motor  receives  its 
name  from  the  manner  in  which  the  windings  on 
its  armature  and  field  are  connected.  It  consists 
of  an  armature,  field,  commutator  and  brushes. 
The  commutator  furnishes  the  means  of  conveying 
the  current  to  and  from  the  circuits  of  the  rotat- 
ing armature  through  the  medium  of  the  station- 
ary brushes.  Most  modern  railroad  motors  are 
equipped  with  commutating  poles  in  addition  to 
the  essential  equipment  already  mentioned.  These 
commutating  poles  consist  of  small  auxiliary  field 
poles,  the  winding  of  which  is  in  series  with  the 
armature.  The  function  of  the  commutating 
poles  is  to  aid  in  delivering  the  current  to  the 
armature  without  harmful  sparking  and  to  allow 
higher  voltage  to  be  used  on  the  commutator  as  a 
result  of  the  production  of  certain  magnetic  effects. 
The  series  motor  delivers  the  high  initial  torque 
necessary  for  starting  heavy  trains  and  operates 
with  a  wide  speed  range.  Series  motors  are 
always*  operated  in  pairs,  the  control  apparatus 
providing  for  suitable  grouping.  In  starting,  the 
two  motors  are  connected  in  series  and  also  in 
series  with  resistance  which  serves  to  reduce  the 
voltage  at  the  motor  terminals.  The  resistance  is 
cut  out  step  by  step  as  the  speed  of  the  motors 
increases.  When  the  resistance  has  all  been  cut 
out  the  motors  are  connected  in  parallel  and  re- 
sistance is  reinserted  in  series  with  each  or  with 
the  pair.  This  resistance  is  again  successively 
cut  out  as  .the  speed  further  increases,  until  the 
motors  are  running  in  full  parallel.  Direct 
current  series  motors  for  6oo-volt  operation  are 
quite  common,  having  been  used  on  most  urban 
and  interurban  railroad  work  for  many  years. 
Such  motors,  insulated  for  1,200  volts  and  con- 
nected permanently  two  in  series,  have  been 
used  for  some  time  on  i,2oo-volt  contact  systems. 
Recently  direct  current  series  motors  designed  for 
1,200  volts  on  the  commutator  and  insulated  for 
2,400  volts,  coupled  permanently  two  in  series, 
were  placed  in  operation  on  2,4oo-volt  circuits. 

The  alternating  current  series  motor  which  is 
used  with  single-phase  current  is  very  similar  to 
the*  direct  current  series  motor.  In  fact  the 
single-phase  series  motor  may  be  and  often  is 
operated  with  good  results  on  direct  current. 
Certain  changes  in  the  connection  of  armature 
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winding  leads  and  in  the  construction  of  the  field 
serve  to  make  the  direct  current  series  type  of 
motor  suitable  for  operation  on  single-phase  al- 
ternating current.  For  equivalent  rating,  how- 
ever, the  single-phase  motor  is  generally  larger 
and  heavier  than  the  direct  current  series  motor 
and  accelerates  more  slowly.  Single-phase  motors 
may  or  may  not  be  grouped  in  pairs  for  operation. 
Rheostats  are  not  used  with  them  but  the  speed 
is  controlled  by  varying  the  voltage  at  the  motor 
by  means  of  a  transformer  equipped  with  several 
leads  from  which  the  different  voltages  may  be 
taken. 

The  repulsion  motor  for  single-phase  current 
differs  materially  in  its  operation  from  the  al- 
ternating current  series  motor,  although  the  two 
machines  have  somewhat  similar  characteristics. 
The  field  or  stator  winding  of  the  repulsion  motor 
is  similar  to  that  of  an  induction  motor.  The 
armature  or  rotor  is  an  ordinary  series  wound 
armature  short  circuited  upon  itself  through  the 
brushes.  There  is  no  electrical  connection  be- 
tween rotor  and  stator  windings  and  the  power 
current  is  supplied  to  the  stator  winding  only. 
With  this  type  of  motor  it  is  possible  to  operate 
high  voltage  current  on  the  stator  winding. 

Another  type  of  motor  used  in  electric  railroad 
operation  with  alternating  current  is  commonly 
known  as  the  series  repulsion  motor.  It  is  a  form 
of  repulsion  motor  in  which  the  armature  excites 
itself  through  a  series  transformer.  Two  sets  of 
brushes  are  used  on  the  commutator,  one  set  con- 
sisting of  the  main  armature  brushes,  which  are 
short  circuited,  and  the  other  consisting  of  the 
exciter  brushes  operating  in  the  secondary  circuit 
of  a  series  transformer,  the  primary  coil  of  the 
transformer  being  connected  in  the  main  motor 
circuit.  This  type  of  motor  may  be  used  with 
potential  control  or  with  manual  control  by 
shifting  the  brushes. 

In  America,  the  series  motor  is  generally  used 
with  single-phase  current.  In  Europe,  both 
series  and  repulsion  types  are  in  extensive  use. 

The  three-phase  induction  motor  possesses, 
essentially,  constant  speed  characteristics  which 
limit  its  application  for  traction  purposes  to  the 
operation  of  service  with  infrequent  stops.  Vari- 
ous methods  have  been  employed  to  obtain  limited 
speed  variation.  The  motor  consists  of  a  stator 
with  three-phase  winding  or  windings  and  a  three- 


phase  secondary  or  rotor  with  windings  connected 
to  collector  rings.  Resistance  is  inserted  in  the 
rotor  circuit  through  the  agency  of  the  collector 
rings,  and  this  resistance  is  gradually  cut  out 
during  acceleration  and  eliminated  as  the  motor 
gains  full  speed.  For  speed  variation  the  stator 
may  be  wound  in  such  manner  as  to  provide  for 
changing  the  number  of  poles.  Motors  may  also 
be  concatenated  or  connected  in  cascade,  so  that 
the  rotor  of  one  motor  may  feed  the  stator  of  a 
second  motor  and  thereby  allow  for  half-speed 
operation  of  the  two  units.  The  operation  of 
three-phase  motors  with  such  speed  variation 
involves  rather  complicated  control  equipment. 
The  induction  motor  may  be  wound  for  the  volt- 
age of  the  contact  since  the  electric  circuits  of 
the  rotor  and  stator  are  independent. 

207.23  Driving  Mechanism:    In  electric  loco- 
motive design  several  different  types  of  connec- 
tion between  the  motors  and  the  driving  wheels 
of  the  locomotive  have  been  employed.     Loco- 
motives may  be  classed  with  reference  to  their 
driving  mechanism,  as  follows : 

1.  Gearless. 

2.  Geared. 

3.  Cranked. 

4.  Geared  and  cranked. 

Several  modifications  and  combinations  of 
these  methods,  employing  side-rods,  yokes  and 
intermediate  or  jack  shafts,  are  in  use.  In  all 
designs  some  method  is  used  to  provide  for  carry- 
ing the  motors  wholly  or  partially  on  springs, 
so  as  to  cushion  the  impact  on  the  track  due  to 
the  weight  of  the  motors. 

The  driving  mechanism  of  motor  cars  consists 
of  geared  connections  between  the  motor  shafts 
and  the  axles  of  the  motor  trucks.  The  motors 
are  suspended  from  the  axles  and  the  truck  tran- 
som and  are  therefore  cushioned  by  the  truck 
springs. 

207.24  Locomotive    Cabs    and    Car    Bodies: 
The  cab  of  an  electric  locomotive  provides  space 
for  the  operator  and  for  electric  apparatus.     It 
is  usually  constructed  of  steel  plates  on  a  steel 
frame.     Locomotives  are  lighted  and  heated  by 
electricity,  and  in  some  cases  are  equipped  with 
electric  or  oil  heaters  which  generate  steam  for 
heating  passenger  trains. 

Car  bodies  for  motor  cars  are  of  various  types 
and  designs,  the  seating  capacity  varying  with 
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the  dimensions.  Modern  motor 
cars  are  constructed  of  steel 
plates  on  steel  frames  with  com- 
position or  wood  floors.  Motor 
cars  are  lighted  by  electricity 
and  are  usually  equipped  with 
some  form  of  electric  heater.  A 
small  compartment  at  either 
end  of  the  car  contains  the  con- 
trol apparatus  and  accommo- 
dates the  operator  or  motorman. 
207.25  Trucks:  Electric  lo- 
comotives are  classified  with  ref- 
erence to  their  driving  truck 
arrangement,  as  follows: 

1 .  Rigid  wheel  base  type. 

2.  Separate  bogie  truck  type. 

3 .  Articulated  truck  type. 


FIG.  532.     ELECTRIC  LOCOMOTIVES.    Electric  Locomotive  for  600- Volt  Direct 
Current  Third  Rail  Operation,  Michigan  Central  Railroad. 


The  rigid  wheel  base  types  may  be  constructed 
with  or  without  leading  or  trailing  trucks.  Sep- 
arate bogie  trucks  may  be  symmetrical  or  unsym- 
metrical,  the  trucks  being  connected  through  the 
upper  frames.  Articulated  trucks  are  arranged  in 
sections  with  hinged  connections.  Guiding  trucks 
or  guiding  wheels  are  used  with  high  speed  loco- 
motives. 

Motor  cars  are  equipped  with  four-wheel  trucks. 
Two  motors  are  mounted  on  one  truck,  which  is 
consequently  of  heavier  construction  than  the 
unequipped  or  trailer  truck.  When  four  motors 
are  used  the  two  trucks  are  of  identical  design. 

207.26  Brake  Equipment:  The  brake  equip- 
ment of  electric  locomotives  and  motor  cars 
usually  consists  of  the  standard  air  brake  appa- 
ratus used  on  steam  trains.  The  supply  of  air 


FIG.  531.    ELECTRIC  LOCOMOTIVES.   Electric  Locomotive  for  600- Volt  Direct 
Current  Third  Rail  Operation,  New  York  Central  &  Hudson  River  Railroad. 


is  obtained  from  motor  driven  air  compressors, 
which  are  automatically  started  and  stopped 
when  the  pressure  in  the  air  reservoirs  reaches 
certain  predetermined  limits.  Dynamic  or  electric 
braking  is  possible  with  certain  motor  equipment, 
by  arranging  the  motors  on  the  locomotives  or 
motor  cars  to  act  as  generators  so  that  they  may 
feed  back  current  into  the  distributing  system  on 
down  grades  and  at  the  same  time  serve  to  retard 
the  motion  of  the  trains.  The  three-phase  motor 
is  particularly  adapted  to  this  form  of  braking. 
Such  braking  involves  the  regeneration  of  energy. 
Regeneration  is,  under  ordinary  conditions,  how- 
ever, more  useful  as  a  means  of  braking  than  as 
a  means  of  returning  energy  to  the  line. 

207.27  Locomotives  and  Motor  Cars  for  Third 
Rail  Contact  Systems:  Electric  locomotives  for 
third  rail  traction  systems  are 
equipped  with  contact  shoes  and 
usually  with  auxiliary  overhead 
shoes  for  current  collection.  All 
usual  types  of  trucks,  wheel 
arrangements  and  driving  me- 
chanisms have  been  applied  to 
this  class  of  equipment.  From 
two  to  eight  direct  current  series 
motors,  depending  upon  the  trac- 
tive effort  required,  and  a  multi- 
ple-unit control  providing  for 
series  parallel  operation  are  used. 
Master  controllers  and  operating 
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valves  for  brakes  are  located  at  each  end  of 
the  locomotive  cab.  The  cab  also  contains  the 
motor  driven  air  compressors,  contactors,  resist- 
ances and  in  some  cases  the  driving  motors 
themselves. 

Views  of  typical  electric  locomotives  used  on 
third  rail  direct  current  systems  are  shown  by 
figs.  531  to  533,  inclusive. 

Motor  cars  used  on  traction  systems  with 
third  rail  contact  are  equipped  with  third  rail 
shoes  on  both  sides  of  each  truck.  Two  or  four 
direct  current  series  motors  geared  to  the  truck 
axles  are  employed.  The  motors  are  controlled 
by  the  multiple-unit  system,  which  provides 
for  series-parallel  operation.  Master  controllers. 


FIG.  533.    ELECTRIC  LOCOMOTIVES.     Electric  Locomotive  for  600- Volt  Direct 
Current  Third  Rail  Operation,  Pennsylvania  Railroad. 

brake  valves  and  train  signalling  devices  are 
located  in  each  end  of  the  car  in  compartments 
provided  for  the  motorman.  Cars  are  heated 
by  electric  heaters.  Incandescent  lamps  for 
lighting  are  connected  in  series  across  the  power 
circuit.  In  some  cases  forced  ventilation  of  the 
motors  is  supplied  by  electrically  driven  fans 
mounted  under  the  car  body.  This  allows  for 
operation  at  increased  capacity  by  dissipating  the 
heat  more  rapidly  than  is  possible  with  natural 
ventilation.  Trailer  cars  or  cars  not  equipped 
with  motors  are  quite  generally  used  in  connection 
with  motor  cars  in  trains.  They  are  similar  to  the 
motor  cars  in  design,  and  are  sometimes  equipped 
with  air  brake  valves  and  master  controllers  to 
permit  their  use  at  the  head  of  a  train. 


Views  of  typical  motor  car  trains  used  on  third 
rail  electric  traction  systems  are  shown  by  figs. 
534  and  535. 

207.28  Locomotives    and    Motor    Cars    for 
High  Voltage  Direct  Current  Overhead  Contact 
Systems :   Electric  locomotives  for  operation  with 
a  i.aoo-volt  direct  current  overhead  contact  sys- 
tem are  in  use  on  interurban  lines.     Electric  lo- 
comotives for  2,4Oo-volt  direct  current  overhead 
contact  operation  are  also  in  use  and  others  are 
under  construction.     With  these  locomotives  two 
roller   pantographs  are   provided   for  each   unit. 
Four  geared  i,2oo-volt  motors  are  provided  with 
multiple-unit  control  for  series  parallel  operation, 
two  groups  of  two  motors  being  connected  perma- 
nently   in    series.     Motor-gen- 
erator sets  furnish  current  for 
control,    for    lighting    and    for 
driving    the    air    compressor 
motors.     Motors  are  ventilated 
by  means  of  blowers  driven  by 
the  motor-generator  sets. 

A  view  of  an  electric  locomo- 
tive for  2,400-volt  direct  cur- 
rent overhead  contact  opera- 
tion is  shown  by  fig.  536. 

Motor    cars    for   a    contact 
voltage  of  1,200  have  been  in 
successful  operation  for  several 
years.     Pantographs   of   either 
the  roller  or  the  shoe  type  are 
used  to  collect  current  from  the 
contact  wire.    The  motor  equip- 
ment consists  of   four  motors, 
two  in   series  for  each  truck.     These  are   600- 
volt  motors  insulated   for   1,200  volts.     Series- 
parallel  operation  is  secured  with  multiple-unit 
control.     Motor  cars  now  under  construction  for 
use  on  2,4Oo-volt  contact  systems  will  have  four 
i, 2 oo- volt  series   motors  mounted  two  on  each 
truck  and  connected  permanently  in  series.    The 
current  for  lighting,  control  and  air  compressors 
in  these  cars  will  be  furnished  by  a  motor-gener- 
ator set. 

A  view  of  a  motor  car  train  operating  on  a  high 
voltage  direct  current  overhead  contact  system  is 
shown  by  fig.  537. 

207.29  Locomotives  and  Motor  Cars  for  Single- 
Phase  Overhead  Contact  Systems:     Locomotives 
for  operation  on   single-phase  overhead   contact 
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systems  are  equipped  with  the 
pantograph  or  the  sliding  bow 
current  collector,  two  col- 
lectors usually  being  provided 
for  each  unit.  In  the  United 
States,  the  shoe  pantograph 
is  generally  used;  in  Europe, 
the  sliding  bow  constitutes 
the  usual  equipment.  In  the 
United  States,  alternating 
current  series  motors  with 
multiple-unit  control  are  used 
to  the  exclusion  of  other 
types,  while  in  Europe  the 
repulsion  type  of  motor  with 


FIG.  534.    MULTIPLE-UNIT  TRAINS.    Multiple-Unit  Train  for  600- Volt  Ditect 
Current  Third  Rail  Operation,  New  York  Central  &  Hudson  River  Railroad.., 


manual  control  is  giving  satisfaction  on  some 
installations.  The  locomotive  for  operation  on 
single-phase  systems  is  equipped  with  a  trans- 
former placed  in  the  cab.  Apparatus  for  forced 
ventilation  is  supplied  for  cooling  the  transformer 
and  the  motors.  Existing  single-phase  systems 
employ  locomotives  of  various  truck  arrange- 
ments and  driving  mechanisms,  the  equipment 
usually  being  designed  and  constructed  to  meet 
the  peculiar  needs  of  the  individual  installation. 
A  type  of  locomotive  termed  the  "split-phase" 
locomotive  has  recently  been  built  for  use  with 
the  single-phase  overhead  contact  system.  With 
this  equipment  three-phase  motors  are  used  for 
driving  the  locomotive.  Single-phase  current  is 
collected  by  pantographs  and  stepped  down  to 
the  proper  voltage  for  the  phase  converter.  The 
phase  converter  consists  of  a  rotating  machine 
similar  in  appearance  to  a  three-phase  motor. 
It  converts  the  single-phase  current  collected  by 


FIG.  535.    MULTIPLE-UNIT  TRAINS.    Multiple-Unit  Train  for  eOO-Volt  Direct 
Current  Third  Rail  Operation,  Long  Island  Railroad. 


the   pantograph  to  three-phase  current  which  is 
utilized  by  the  three-phase  driving  motors. 

Views  of  electric  locomotive's  constructed  for 
operation  on  single-phase  alternating  current 
traction  systems  are  shown  by  figs.  538  to  540. 
A  type  of  locomotive  has  recently  been  con- 
structed which  receives  single-phase  alternating 
current  from  the  contact,  steps  it  down  to  a 
working  voltage  by  means  of  a  transformer,  and 
converts  it  to  direct  current  by  means  of  a  mer- 
cury-vapor rectifier,  this  rectified  current  being 
utilized  in  direct  current  series  driving  motors. 

Motor  cars  for  operation  on  traction  systems 
employing  single-phase  overhead  contact  are 
equipped  with  bodies  and  trucks  similar  to  those 
used  with  direct  current  overhead  contact.  Shoe 
pantographs  are  employed  for  collecting  the  high 
voltage  current,  which  is  conveyed  through  oil 
switches  to  transformers  located  underneath  the 
cars.  Taps  from  these  transformers  permit  a 
variation  in  the  voltage  of  the 
current  delivered  to  the  motors, 
which  in  turn  produces  a  varia- 
tion in  the  speed  of  the  motors. 
Two  or  four  motors  are  used 
on  each  car  and  are  controlled 
by  the  multiple -unit  system. 
Current  for  lighting,  heating 
and  operating  air  compressor 
motors  is  obtained  from  special 
taps  on  the  transformers. 

Motor  cars  have  been  built  for 
operation  on  both  6oo-volt  di- 
rect current  circuits  and  on  high 
voltage  single-phase  alternating 
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FIG.  536.    ELECTRIC  LOCOMOTIVES.   Electric  Locomotive  for  2.400- Volt  Direct 
Current  Overhead  Contact  Operation,  Butte,  Anaconda  &  Pacific  Railway. 

current  circuits.  Cars  of  this  type  are  equipped 
with  shoes  for  third  rail  contact  or  with  pole  and 
wheel  trolleys  for  the  low  voltage  overhead  con- 
tact, and  with  the  pantograph  for  the  high  volt- 
age overhead  contact.  Series  motors  with  change 
over  switches  and  double  control  are  employed. 

A  view  of  a  typical  motor  car  train  used  on  a 
single-phase  alternating  current  system  with  over- 
head contact  is  shown  by  fig.  541. 

207.30  Locomotives  and  Motor  Cars  for 
Three-Phase  Contact  Systems:  Locomotives  for 
operation  on  three-phase  traction  systems  are 
equipped  with  double  contact 
sliding  bow  current  collectors 
or  with  two  sets  of  pole  and 
wheel  trolleys.  Three-phase 
motors,  with  and  without  pole 
changing  or  cascade  speed 
variation  equipment,  are  oper- 
ated either  with  multiple  or 
manual  control.  This  class  of 
locomotive  has  been  used  on 
several  installations  in  Europe 
and  on  the  Cascade  tunnel 
electrification  of  the  Great 
Northern  Railway  in  the 
United  States.  Most  of  the 
European  three-phase  loco- 


motives have  motors  wound 
for  the  contact  voltage  and 
have  a  crank  and  side-rod 
driving  mechanisms.  The 
locomotives  of  the  Great 
Northern  Railway  have  trans- 
formers for  stepping  down  the 
contact  voltage  for  use  on  geared 
motors. 

A  view  of  an  electric  loco- 
motive used  on  a  three-phase 
system  of  electrification  is  pre- 
sented as  fig.  542. 

Motor     cars     for     operation 
with   three-phase   contact    sys- 
tems   are    used    to    a   limited 
extent  in  Europe.     Owing,  how- 
ever, to  the  constant  speed  char- 
acteristics   of    the    three-phase 
motor,    no    new    equipment   of 
this  type  has  been  constructed 
in  recent  years.     Motor  cars  of  this  type  have 
not  been  used  on  any  electric  traction  systems 
in  the  United  States. 

207.31  Return  Circuit:  The  return  circuit 
of  an  electric  traction  system  is  the  link  in  the 
system  which  serves  to  complete  the  electric 
circuit  between  the  locomotives  and  motor  cars 
and  the  points  at  which  the  current  is  fed  into 
the  contact  system.  The  track  rails  are  generally 
used  for  the  return  circuit,  since  it  is  desirable 
from  a  standpoint  of  economy  to  utilize  the 
conductivity  which  they  afford.  Several  electric 


FIG.  537. 


MULTIPLE-UNIT  TRAINS.     Multiple-Unit  Train  for  1,200-Volt  Direct 
Current  Overhead  Contact  Operation,  Southern  Pacific  Railroad. 
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traction  systems  in  England 
are  equipped  with  an  in- 
dependent or  separate  return 
circuit  known  as  the  "fourth 
rail."  These  installations  are 
operated  with  the  third  rail 
direct  current  system  of  trac- . 
tion,  the  locomotives  or  mo- 
tor cars  being  equipped  with 
shoes  for  delivering  the  re- 
turn current  to  the  fourth  rail 
in  addition  to  the  usual  equip- 
ment required  for  third  rail 
systems.  The  use  of  the 
fourth  rail  return  is  dictated 
by  the  necessity  of  meeting 
certain  rules  of  the  English 
Board  of  Trade. 


Ordinary  railroad  track 
offers  a  high  resistance  to  an  electric  current  un- 
less provision  is  made  for  connecting  the  individual 
rails  making  up  the  track.  This  is  accomplished 
by  bonding  the  joints.  Many  methods  have  been 
developed  for  bonding  track  rails.  Track  bonds 
may  be  classified  broadly  as  protected  and  unpro- 
tected types.  The  bonds  are  made  of  copper  wire, 
cable  or  ribbon,  with  terminals  soldered,  brazed 
or  welded  to  the  rail  or  expanded  in  holes  in  the 
web  of  the  rail.  Bonds  are  said  to  be  protected 
when  they  are  installed  under  the  angle  bar  or  de- 
vice employed  for  fastening  the  rails  at  joints,  and 
unprotected  when  they  are  installed  outside  of 
the  angle  bar.  Bonds  vary  in  length  from  a  few 
inches  to  several  feet,  depending  upon  the  type  of 


FIG.  538.     ELECTRIC  LOCOMOTIVES.     Locomotive  and  Train  for  11,000-Volt 
Single-Phase  Overhead  Contact  Operation,  New  York,  New  Haven  &  Hartford  Railroad. 


FIG.  539.    ELECTRIC  LOCOMOTIVES.    Switching  Locomotive  for  11,000-Volt  Single- 
Phase  Overhead  Contact  Operation,  New  York,  New  Haven  &  Hartford  Railroad. 


bond  and  upon  local  conditions.  Frequently  very 
long  bonds  are  required  at  points  where  special 
track  work  is  used.  It  is  customary  also  to  bond 
the  rails  of  parallel  tracks  by  installing  cross 
bonds  at  points  where  there  is  no  danger  of 
deranging  track  signal  circuits. 

The  cross-section  of  the  bonds  installed  and  the 
number  of  bonds  per  joint  are  varied  according 
to  the  local  or  the  electric  conditions  to  be  met. 
Double  bonding  is  generally  employed  on  impor- 
tant tracks,  either  to  insure  the  conductivity  of 
the  joint  or  to  meet  conditions  of  track  construc- 
tion which  will  not  permit  the  use  of  a  single 
bond  of  desirable  conductivity.  Return  feeders 
are  frequently  used  on  traction  systems  to  rein- 
force the  track  circuit  and 
to  reduce  the  voltage  drop. 
These  return  feeders  are 
usually  copper  cables  run  from 
the  substation  to  desired 
points  and  connected  to  the 
track  rails  at  short  intervals. 

207.32  Electrolysis:  The 
return  current  flowing  in  the 
track  rails  causes  a  voltage 
drop,  or  a  difference  of  poten- 
tial, between  the  track  at  or 
near  substations  or  other  feed- 
ing points  and  the  track  at 
places  remote  from  such 
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FIG.  540.    ELECTRIC  LOCOMOTIVES.    Locomotive  for  11.000-Volt  Single- 
Phase  Overhead  Contact  Operation,  Norfolk  &  Western  Railway. 

points.     This  difference  of  potential   permits  a 
portion  of  the  electric  current  to  leave  the  track 
rails  and  return  to  the  substations  through  the 
earth  or  through    metallic   conductors  such    as 
water  pipe,  gas  pipe  or  cable  sheaths.      At  points 
where  the  current  leaves  such  metallic  conductors 
electrolysis  occurs.     In  the  case  of  direct  cur- 
rent, electrolysis  may  cause  serious  damage  to  the 
conductor;    in  that  of    alternating    current,    its 
effect  is  negligible.     Several  means  of  overcoming 
the  effects  of  electrolysis  have  been  successfully 
employed    on    existing    direct    current    traction 
systems.     The    installation  and  maintenance  of 
good  bonding  at   rail  joints, 
and  insulated  negative  feeders 
between    the   track  and    the 
substation,  are    usually    em- 
ployed  for   this  purpose. 
Boosters    are    sometimes   in- 
stalled   in    these    feeders   to 
overcome    the    necessity    for 
using  an  excessive  amount  of 
copper. 

In  cases  where  the  differ- 
ence of  potential  in  the  track 
is  sufficient  to  cause  damage, 
insulated  joints  are  sometimes 
installed  at  intervals  in  the 


pipes  or  cable  sheaths  affected, 
so  as  to  increase  their  resist- 
ance and  thereby  reduce  the 
flow  of  return  current  through 
them.  Unless  a  careful  survey 
is  made  preparatory  to  instal- 
ling the  insulated  joints,  dam- 
age may  still  occur  at  such 
points.  Pipe  or  cable  drains 
consisting  of  insulated  feeders 
connecting  the  pipes  or  cables 
with  the  substations  are  also 
used.  The  plan  of  providing 
metallic  connectors  between  the 
track  rails  and  the  cables  or 
pipes,  although  often  followed, 
is  not  now  generally  approved. 

The  English  Board  of  Trade 
requirements  limit   the  differ- 
ence of  potential  in  any  part 
of  the  track  to    seven  volts. 
In  order  to  meet  this  requirement,  some  of  the 
electric    railroads    in    London  use  an    insulated 
"fourth  rail"  for  the  return. 

207.33  Inductive  Interference:  Alternating 
current  flowing  in  a  wire  sets  up  a  magnetic  field 
around  the  wire  which  induces  an  alternating 
electromotive  force  in  other  wires  approximately 
parallel  to  the  primary  wire.  The  amount  of 
this  induction  varies  with  the  length  of  the  ex- 
posure and  the  amount  of  current  flowing,  and  is 
much  less  if  the  parallel  wire  is  remote  from  the 
primary  wire.  Where  two  or  three  wires  con- 
stitute the  single-phase  or  three-phase  circuit 


FIG.  541.   MULTIPLE-UNIT  TRAINS.    Motor  Car  Train  for  11.000-Volt  Single-Phase 
Overhead  Contact  Operation,  New  York,  Westchester  &  Boston  Railway. 
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used  for  transmitting  power,  and  where  the  wires 
are  mounted  as  close  together  as  physical  con- 
ditions and  insulation  requirements  will  permit, 
the  direction  of  current  in  the  several  wires  of  the 
circuits  is  such  that  the  electromotive  force  in- 
duced in  foreign  wires  is  practically  neutralized. 

When  the  wires  of  the  circuit  are  separated  at 
considerable  distance,  as,  for  example,  when  the 
earth  is  to  be  used  for  the  return  circuit,  this 
neutralizing  effect  of  the  return  is  largely  lost  and, 
under  certain  conditions  of  load  and  distance, 
voltages  sufficient  to  cause  serious  disturbance  in 
telephone  and  telegraph  circuits  are  induced. 

With  a  direct  current  traction  system  the  alter- 
nating current  is  confined  to  the  transmission  line, 
all  wires  of  which  are  mounted 
on  poles  so  close  together  as 
practically  to  neutralize  the  in- 
duction, but  under  certain  con- 
ditions, such  as  in  instances 
where  one  leg  of  the  transmission 
circuit  becomes  grounded  and 
the  current  returns  through  the 
earth,  inductive  disturbances  are 
likely  to  occur.  These  being 
only  emergency  conditions,  how- 
ever, which  may  be  quickly  cut 
out  by  the  action  of  automatic 
switching  devices,  they  may  be 
considered  as  momentary.  In- 
ductive disturbances  may,  in 
general,  be  said  to  obtain  only 
with  alternating  current  trac- 
tion systems  using  track  and 
earth  as  return. 


intervals  sufficiently  frequent  to  make  the  <li  - 
tance  over  which  current  must  be  transmitted 
comparatively  small. 

When  the  length  of  line  supplied  from  an  indi- 
vidual feeding  point  is  short,  the  amount  of 
current  flowing  is  reduced  to  a  portion  only  of  that 
drawn  by  the  train  between  substations,  since 
the  current  is  supplied  to  the  train  from  oppo- 
site directions.  The  product  of  the  current  and 
the  distance  through  which  it  flows  from  cither 
substation  to  the  train  is  such  as  to  make  the 
induction  in  the  two  parts  practically  equal,  and 
as  they  oppose  one  another  the  resulting  induc- 
tion is  small.  Transformers  also  are  placed  near 
the  stub  ends  of  lines,  so  that  the  -distance  over 
which  the  current  must  be  fed  in  one  direction 
for  the  stub  end  section  is  small. 

This  constitutes  a  satisfactory  treatment  for 
normal  service  conditions,  but  inasmuch  as  a  sub- 


FIG.  542.    ELECTRIC  LOCOMOTIVES.    Locomotive  for  Three-Phase 
Overhead  Contact  Operation,  Great  Northern  Railway. 


Experience  with  alternating  current  systems 
and  tests  of  special  appliances  for  overcoming 
induction  have  developed  the  following  remedies: 

1 .  The  installation  of  neutralizing  transformers 
in  the  telephone  and  telegraph  circuits  together 
with  primary  wires  for  the  same  placed  on  the 
pole  line. 

These  transformers  induce  opposing  or  neutral- 
izing electromotive  forces  in  the  telephone  or 
telegraph  lines  and  serve  to  minimize  the  effects 
of  the  induction.  The  use  of  such  transformers, 
however,  introduces  complications,  especially  in 
telephone  circuits,  and  adds  something  to  the 
cost  of  maintenance  and  operation  of  the  lines. 
It  will  be  found  preferable,  therefore,  to  employ 
other  methods  in  dealing  with  this  difficulty. 

2.  An  arrangement  of  feeding  points  (trans- 
former substations)  along  the  line  of  railroad  at 


station  may  occasionally,  in  emergencies,  be  cut 
out  entirely  and  the  current  fed  from  the  adjacent 
substation  or  from  the  second  substation,  the 
induction  may  under  such  circumstances  become 
sufficient  to  cause  disturbance.  Likewise,  when 
short  circuits  occur  at  certain  points,  the  heavy 
flow  of  current  may  momentarily  cause  inductive 
disturbances  until  the  automatic  switching  devices 
are  opened. 

3.  The  installation  of  series  or  booster  trans- 
formers at  intervals  along  the  line,  the  primary 
being  connected  in  the  trolley  circuit  and  the 
secondary  in  track  rails  or  parallel  feeder. 

Such  transformers  are  designed  for  a  voltage 
which  will  be  sufficient  to  keep  the  return  cur- 
rent in  the  track  rails  or  return  feeders  and  out 
of  the  earth,  thus  producing  conditions  which  are 
practically  or  nearly  equivalent  to  an  insulated 
return.  Under  this  condition,  the  induction  is 
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negligible  in  a  wire  equally  distant  from  the 
trolley  and  the  conductor  which  carries  the 
return  current.  If  the  wires  are  not  equally 
distant  from  the  outgoing  and  return  current 
conductors,  the  induction  may  be  reduced  by  a 
suitable  adjustment  of  the  ratio  of  the  windings 
on  the  booster  transformers. 

The  first  remedy  described  is  for  the  purpose 
of  neutralizing  or  overcoming  induction  set  up 
in  the  telephone  and  telegraph  wires;  the  second 
and  third  are  for  the  purpose  of  preventing  such 
induction  from  being  set  up  in  the  wires,  and  are 
therefore  preferable. 

In  addition  to  the  electromotive  forces  induced 
in  telephone  and  telegraph  lines  by  the  traction 
currents,  there  are  sometimes  superimposed  on 
the  fundamental  current  wave-form  high  fre- 
quency harmonics  due  to  a  variety  of  conditions 
in  the  electric  apparatus  and  system.  These 
tend  to  produce  noise  in  telephone  instruments 
connected  to  parallel  wires.  Where  the  funda- 
mental induced  electromotive  forces  are  kept  low, 
the  high  frequency  alternations  are  also  relatively 
of  small  magnitude.  A  great  deal  has  been  accom- 
plished by  giving  careful  attention  to  the  details 
of  design  and  construction  of  the  alternating  cur- 
rent machinery  used  and,  with  a  properly  designed 
system  using  booster  transformers  and  a  sufficient 
number  of  feeding  points,  comparatively  little 
trouble  is  to  be  anticipated  from  noise.  However, 
if  in  special  cases  objectionable  noise  is  found  to 
exist,  it  can  be  neutralized  and  remedied  by 
placing  the  telephone  wires  in  cables  where  the 
two  wires  of  the  telephone  circuit  can  be  accu- 
rately paralleled  and  transposed  by  twisting, 
thus  neutralizing  the  effect  of  high  frequency  cur- 
rent waves. 

207.34  Miscellaneous  Equipment:  The  essen- 
tial elements  of  an  electric  traction  system  have 
now  been  described.  Additional  equipment  and 
devices  are,  however,  required  for  the  economical 
and  efficient  operation  of  any  system. 

A  comprehensive  telephone  equipment  is  re- 
quired to  furnish  means  of  intercommunication 
between  the  power  station,  substations,  repair 
shops,  inspection  sheds,  and  stations  or  towers 


from  which  switching  apparatus  is  controlled. 
On  railroads  handling  heavy  traffic  an  extension 
of  the  telephone  system  is  necessary,  in  order  to 
provide  emergency  stations  at  short  intervals 
along  the  track,  from  which  patrolmen  or  in- 
spectors may  communicate  with  headquarters. 

Certain  work  and  emergency  equipment  is 
necessary  for  the  inspection  and  maintenance  of 
electrified  tracks.  Gasoline-driven  inspection  cars 
are  generally  used  by  inspectors  of  contact  con- 
ductors and  transmission  lines  to  facilitate  their 
work.  Self-propelled  repair  trains  are  required  for 
emergencies.  Repair  trains  for  service  on  roads 
using  the  overhead  contact  system  must  be 
equipped  with  towers  or  with  adjustable  plat- 
forms to  accommodate  workmen  repairing  the 
contact  line.  On  railroads  using  the  third  rail 
contact  system,  the  emergency  equipment  in- 
cludes cars  provided  with  apparatus  for  spraying 
the  third  rail  with  a  solution  of  calcium  chlorid 
to  prevent  the  formation  of  sleet  during  storms. 

Sheds,  pits  and  repair  shops  are  required  for 
the  inspection  and  repair  of  locomotives  and  motor 
cars.  Inspection  sheds  must  have  pits  under- 
neath and  between  tracks  to  allow  workmen  to 
examine  and  repair  motor  and  control  equip- 
ment under  the  cars.  Repair  shops  require  an 
assortment  of  machinery  and  equipment  for 
handling  work  which  cannot  be  done  at  the 
inspection  sheds. 

Tracks  on  which  signal  systems  are  used  must 
be  provided  with  impedance  bonds  at  the  ends 
of  each  block,  their  function  being  to  allow  the 
flow  of  the  return  current  and,  at  the  same  time, 
to  interrupt  the  track  signal  circuit  and  confine 
it  to  individual  blocks.  With  all  systems  of 
electric  traction  the  track  signal  circuits,  if  used, 
employ  alternating  current.  For  alternating  cur- 
rent systems  of  traction,  the  current  employed 
for  signal  circuits  is  of  different  frequency  from 
that  used  in  the  traction  circuits,  and  impedance 
bonds  may  be  designed  to  permit  the  flow  of  the 
propulsion  current  while  preventing  the  flow  of 
the  signal  current. 


208.    TECHNICAL  FEASIBILITY  OF  THE   ELECTRIFICATION*   OF  THE 

CHICAGO   RAILROAD  TERMINALS 


SYNOPSIS:  Careful  consideration  has  been  given  matters  affecting  the  technical  feasibility 
of  electrification  as  applied  to  the  Chicago  terminals.  This  chapter  presents  a  discussion  of 
these,  and  ends  with  a  series  of  conclusions  which,  while  frankly  recognizing  the  difficulties  to 
be  met  in  installing  and  operating  any  single  system  for  all  the  different  services  of  the  terminals,  are 
to  the  effect  that  electrification  is  technically  feasible. 


208.01  Purpose:  All  proposals  designed  to 
bring  about  the  elimination  of  the  steam  loco- 
motive from  the  city  of  Chicago,  necessarily 
involve  the  practicability  of  introducing  some 
other  form  of  motive  power  capable  of  performing 
the  service  now  rendered  by  the  steam  locomotive. 
Those  who  have  considered  the  subject  have 
generally  assumed  that  this  could  be  accomplished 
through  the  complete  electrification  of  the  railroad 
terminals.  Previous  discussions  (chapter  204) 
have  shown  that  there  exists  no  other  form  of 
motive  power,  capable  of  handling  as  a  whole  the 
traffic  of  the  Chicago  railroads,  which  could  be 
substituted  for  the  steam  locomotive.  The  ques- 
tion as  to  whether  complete  electrification  is 
practicable  from  an  engineering  standpoint  has 
not  yet  been  discussed.  It  is  a  fundamental  one 
and  as  such  it  requires  careful  consideration. 

For  the  purpose  of  this  report,  electric  traction 
on  the  railroads  of  Chicago  may  be  said  to  be 
technically  feasible  when  all  the  elements  of  the 
selected  system,  individually  and  collectively, 
are  capable  of  performing  the  required  service 
safely  and  reliably,  and  when  it  has  been  found 
possible  to  apply  them  to  the  local  traffic  and 
to  the  physical  conditions  of  the  terminals. 
Technical  feasibility  therefore  involves: 

1 .  The  successful  functioning  of  apparatus  from 
electrical  and  mechanical  standpoints. 

2.  Permanency  in  the  design  or  type  of  the 
various  elements  of  the  electric  traction  system 
under  consideration.     Any  system  which  might, 
in  a  short  period,  become  obsolete  or  out  of  date, 
due  to  the  rapid  evolution  of  the  art,  could  not 
be  regarded  as  technically  feasible. 

3.  Successful  application  of  apparatus  to  an 
existing  property  without  radical  change  in  the 
physical  characteristics  of  the  property. 


4.  Successful  application  of  apparatus  to  an 
existing  property  without  requiring  operating 
changes  which  might  impair  the  usefulness  of  the 
property  either  to  its  owner  or  to  the  public. 

Technical  feasibility  is  closely  related  to  the 
problem  of  finance,  since  any  proposition  that  is 
financially  absurd  cannot  be  accepted  as'  tech- 
nically sound.  It  is  the  present  purpose,  how- 
ever, to  discuss  technical  considerations  only,  leav- 
ing for  a  later  chapter  the  questions  of  financial 
practicability. 

208.02  Characteristics  of  the  Terminals  as 
Related  to  Technical  Feasibility :  Any  discussion 
of  technical  feasibility  must  be  based  upon  a 
correct  understanding  of  the  extent  and  character 
of  the  establishment  to  be  dealt  with.  A  descrip- 
tion of  the  present  steam  railroad  terminals  of 
Chicago,  the  character  and  extent  of  their  traffic 
and  train  movements  and  a  discussion  of  their 
rate  of  growth,  have  already  been  presented 
(chapters  201,  202  and  203).  The  facts  set  forth 
in  these  chapters  and  in  a  subsequent  chapter 
(209),  relating  to  the  extent  of  the  plan  of  elec- 
trification as  it  affects  individual  roads,  define 
the  character  of  the  terminals  and  their  relation 
to  their  environment  and  constitute  a  measure 
of  the  problem  to  be  solved  by  any  plan  of 
electrification. 

The  Committee  has  sought  to  accept  the  prob- 
lem as  thus  defined.  While  it  has  recognized  the 
possibility  of  rearranging  certain  facilities  of  the 
railroads  in  the  city  and  of  combining,  eliminating 
and  otherwise  simplifying  trackage  and  traffic 
movements,  it  has  not  dealt  with  such  problems. 
The  basis  of  its  investigation  concerning  the 
technical  feasibility  of  electrification  is  to  be 
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found,  therefore,  in  conditions  as  they  existed  in 
1912,  the  Committee's  statistical  year. 

208.03  The  Diversity  of  Interests  Involved: 
The  terminals  of  Chicago  represent  many  different 
interests.  A  single  railroad  corporation,  having 
only  itself  and  the  public  to  satisfy,  may  enter 
upon  any  work  of  betterment  by  procedures 
comparatively  simple.  A  number  of  railroad 
corporations,  however,  proposing  to  join  in  any 
such  work,  are  immediately  confronted  by  com- 
plications not  only  in  administration  but  in  the 
acceptance  of  principles  and  standards  affecting 
technical  procedure.  The  problem  of  electrifica- 
tion as  applied  to  the  Chicago  railroad  terminals 
involves  the  interests  and  physical  organiza- 
tions of  37  separate  railroad  corporations.  If  the 
terminals  of  these  separate  railroads  are  to  be 
electrified,  the  highest  degree  of  efficiency  is  to 
be  gained  through  joint  procedure.  It  is  incon- 
ceivable that  the  different  railroads  will  undertake 
such  a  work  independently.  It  may  be  argued 
that  a  procedure  necessary  in  the  case  of  one  rail- 
road may  prove  quite  unnecessary  in  the  case  of 
another,  and  yet  the  fullest  measure  of  technical 
success  in  the  electrification  can  be  secured  only 
when  individual  interests  and  preferences  are 
subordinated  to  the  requirements  of  a  general 
plan.  Efficiency  in  installation  and  quality  in 
the  work  to  be  accomplished  make  joint  action 
desirable  and,  from  a  technical  point  of  view,  al- 
most necessary.  However,  the  manner  in  which 
such  action  is  to  be  secured  is  by  no  means  easy 
to  determine. 

In  addition  to  the  railroad  corporations,  other 
interests  are  concerned  with  any  plan  of  elec- 
trification. Many  private  industries  own  a  con- 
siderable mileage  of  track  within  the  terminals. 
This  track,  in  common  with  that  of  the  railroad 
companies,  must  be  electrified.  These  industries 
will  be  confronted  with  the  necessity  of  materially 
changing  structures  and  other  facilities  before 
service  now  rendered  by  steam  may  be  performed 
electrically,  and  their  interests  must  be  taken  into 
account  in  determining  the  technical  procedure. 

The  number  of  interests  involved  is  thus  seen 
to  have  an  important  bearing  upon  the  question 
of  technical  feasibility.  If  each  individual  inter- 
est were  to  attempt  to  approach  and  solve  the 
problem  of  electrification  of  itself  and  for  itself 
without  reference  to  the  plans  and  interests  of 


its  neighbors,  there  would  be  justification  for  the 
conclusion  that  electrification  is  not  technically 
feasible.  If,  on  the  other  hand,  it  may  be  assumed 
that  in  working  out  the  problem  of  electrification 
a  community  interest  will  be  recognized  and  that 
certain  phases  of  the  whole  work  will  be  under- 
taken through  joint  action,  to  the  end  that  the 
work  when  completed  may  be  reasonably  uniform 
in  system  and  in  standards  of  construction,  the 
foundation  is  laid  upon  which  to  proceed  with  the 
consideration  of  other  details  affecting  technical 
feasibility. 

208.04  The  Extent  of  the  Terminals:  The 
mere  extent  of  an  undertaking  involving  engineer- 
ing design  and  construction  is  not  necessarily  a 
factor  affecting  technical  feasibility,  but  mag- 
nitude adds  complexity.  In  its  approach  to  this 
problem  the  Committee  has  assumed— 

1 .  That  all  the  railroad  tracks  in  the  city  are  to 
be  included  in  the  plan. 

2.  That  the  limits  of  the  electrified  trackage  as 
determined  for  each  railroad  are  to  be  fixed  at 
points  as  near  the  limits  of  the  city  as  may  be 
practicable. 

The  trackage  involved  by  this  conception  may 
be  summarized  as  follows: 


1 .  Main  track 

2.  Yard  track 

3.  Industrial  track  owned  by  railroads 

4.  Industrial  track  owned  by  industries  . 


MILES 

M75  59 
1,456.64 
277.19 
229.72 


5.  Industrial  track,  railroad  repair  track  and  shop 
track,  so  located  in  streets  at  grade,  in  buildings 
or  under  structures  employed  in  industrial  processes 
as  to  require  special  classification 37-26 

Total 3,476.40 

The  trackage  represented  by  item  5,  about  one 
per  cent  of  the  total,  is  so  located  with  reference  to 
existing  structures  or  activities  that  it  is  judged 
to  be  technically  impracticable  to  include  it  in  any 
general  scheme  of  electrification.*  In  the  event 
that  general  electrification  is  found  to  be  tech- 
nically feasible,  it  is  assumed  that  the  trackage  in 
question  will  be  operated  by  self-propelled  motive 
power  units  such  as  steam  locomotives  or  some 
of  the  several  types  of  locomotives  described  in 
chapter  204.  Its  exclusion  leaves  the  extent  of 
trackage  to  be  further  considered  in  discussions 
concerning  technical  feasibility  as  follows: 

*  This  trackage  cannot  be  equipped  and  operated  with  any  form  of  over- 
head contact.  It  is  later  shown  (section  208.12)  that  the  trackage  which 
cannot  be  equipped  and  operated  by  third  rail  is  about  twice  this  amount. 
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MILLS 

Total  trackage 3,476.40 

Technically  impracticable  because  of  environment  .      .       37. a6 

Trackage   to  be  considered  in   the  further  study  of 

technical  practicability 3,439- '4 

208.05  The  Diversity  and  Magnitude  of  the 
Traffic :  The  Chicago  terminals  embrace  all  classes 
of  steam  railroad  service.  The  various  activities 
of  the  terminals,  in  terms  of  traffic  and  train  move- 
ment, have  been  set  forth  in  chapter  202.  The 
following  services  are  represented: 

1 .  Through  passenger. 

2.  Suburban  passenger. 

3.  Road  freight. 

4.  Yard. 

5.  Freight  transfer. 

6.  Passenger  transfer. 

The  last  three  classes  named  are  commonly 
denoted  as  switching  service  but  for  reasons  else- 
where explained  the  above  subdivisions  are  made. 
The  extent  of  the  traffic  represented  by  these 
services  in  1912  in  the  Area  of  Investigation  was: 

1.  THROUGH  PASSENGER  SERVICE 

Number  of  railroads  operating  this  service        .      .        23 

Average  number  of  through  passenger  trains 
handled  per  week  day  579 

Service  on  average  day  in  October,  1912,  locomo- 
tive-miles   u,43° 

Per  cent  of  all  services 15.8 

2.  SUBURBAN  PASSENGER  SERVICE 

Number  of  railroads  operating  this  service  ...        13 

Average  number  of  suburban  trains  handled  per 
week  day 793 

Service  on  average  day  in  October,  1912,  locomo- 
tive-miles   12,296 

Per  cent  of  all  services •.        17.0 

3.  ROAD  FREIGHT  SERVICE 

Number  of  railroads  operating  this  service  ...        25 
Service  on  average  day  in  October,  1912,  locomo- 
tive-miles        5,756 

Per  cent  of  all  services 8.0 

4.  YARD  SERVICE 

Number  of  railroads  operating  this  service        .     ..      39 
Service  on  average  day  in  October,  1912,  locomo- 
tive-miles        3<3,790 

Per  cent  of  all  services '.     .        42 . 5 

5.  FREIGHT  TRANSFER  SERVICE 

Number  of  railroads  operating  this  service        .      .        32 
Service  on  average  day  in  October,  1912,  locomo- 
tive-miles        10,993 

Per  cent  of  all  services ,  15.2 

6.  PASSENGER  TRANSFER  SERVICE 

Number  of  railroads  operating  this  service  ...  1 6 
Service  on  average  day  in  October,  1912,  locomo- 
tive-miles         1,083 

Per  cent  of  all  services 1.5 

Locomotive-mileage  for  all  switching  services,  items 

4,  5  and  6,  on  average  day  in  October,  1912       .42,866 

Per  cent  of  all  services 59-3 


The  preceding  facts  are  all  significant  in  their 
relation  to  technical  feasibility.  No  undertaking 
in  electrification  involving  the  same  magnitude 
and  variety  of  movements  has  over  Ix-forc  been 
attempted.  The  most  extensive  service  of  the 
terminal  is  the  switching  service,  and  thus  far 
switching  movements  have  not  been  handled 
extensively  by  electric  motive  power  units.  The 
electric  operation  of  switching  yards  will  there- 
fore involve  a  series  of  new  procedures,  the 
technical  significance  of  which  will  be  herein- 
after discussed. 

208.06  Technical  Feasibility  as  Disclosed  by 
Electrifications  Elsewhere :  The  first  demonstra- 
tion of  heavy  electric  traction  was  in  the  Baltimore 
tunnel  of  the  Baltimore  &  Ohio  Railroad,  where 
heavy  trains  were  moved  at  slow  speeds  for  short 
distances  and  at  infrequent  intervals.  In  spite  of 
the  disadvantages  to  which  a  pioneer  installation 
is  necessarily  exposed,  this  installation  has  been 
kept  in  operation  and  continues  to  serve  its 
purpose.  Its  work  goes  far  toward  demonstrat- 
ing the  technical  practicability  of  conveying  and 
utilizing  heavy  currents  such  as  are  required  for 
operation  under  steam  railroad  conditions,  al- 
though economically  the  electrification  has  been 
a  burden  justifiable  only  because  of  local  (tunnel) 
conditions. 

A  demonstration  of  the  success  of  electric 
traction  for  moderately  long  but  light  passenger 
trains  on  city  elevated  railways,  where  steam 
locomotives  operating  overhead  in  the  streets 
were  obviously  objectionable  and  where  an  in- 
crease in  the  capacity  of  the  lines  was  essential, 
followed  the  demonstration  at  Baltimore.  In 
this  development  electric  locomotives  were  not 
used,  propulsion  being  secured  through  motor- 
car units  distributed  throughout  the  train.  Such 
an  arrangement  constitutes,  in  effect,  an  extension 
of  trolley  motor  car  operation  by  controlling 
several  cars  simultaneously  from  the  head  end. 
This  development  led  to  improved  methods  of 
transmitting  large  amounts  of  power  from  a 
central  source  and  of  collecting,  controlling  and 
regulating  it  at  the  trains. 

Next  came  the  elaborate  development  of  sub- 
surface terminals  in  large  cities  in  which  electric 
propulsion  was  substituted  for  steam  locomotive 
propulsion  because  of  the  impracticability  of 
using  steam  in  tunnels  and  underground  stations; 


750 


SMOKE  ABATEMENT  AND  ELECTRIFICATION  IN   CHICAGO 


then,  the  application  of  electric  locomotives  to 
heavy  freight  and  passenger  service  in  long 
tunnels  for  the  purpose  of  avoiding  operating 
difficulties  and  dangers  incident  to  the  use  of 
steam;  and  finally,  the  application  of  electric 
traction  in  heavy  mountain  grade  main  line  work 
for  the  purpose  of  increasing  the  capacity  of  the 
line  and  utilizing  available  hydro-electric  power. 
Experience  thus  gained  has  demonstrated  that : 

1.  Trains  of  any  weight  can  be  hauled  elec- 
trically at  any  required  speed,  provided  the  neces- 
sary amount  of  electric  power  can  be  conveyed  to 
the  train  motors. 

2.  Where  appliances  can  be  properly  installed 
and   maintained,   in  view   of   local   conditions, 
electric  traction  has  been  found  to  be  reliable. 

3 .  Under  ordinary  railroad  conditions  the  intro- 
duction of  electricity  does  not  materially  affect 
the  hazard  of  railroad  operation. 

These  general  conclusions  are  supported  by  the 
testimony  presented  in  other  chapters  of  this 
report  (205,  302  and  303). 

208.07  Feasibility  of  the  Elements  of  Electric 
Traction  Systems:    All  electric  traction  systems 
have  certain  common  elements,  these  being: 

1.  The  power  supply  (power  station). 

2.  The  means  of  conveying  the  power  to  local 
points  (transmission  lines). 

3.  The  means  of  converting  and  regulating 
current  (substations). 

4.  A  contact  device  serving  the  tracks  (third 
rail  or  overhead  construction). 

5.  The  rolling  equipment  (train  motors). 

6.  The  return  circuit  (in  track  rails). 

The  technical  feasibility  of  applying  these  sev- 
eral elements,  under  conditions  which  are  pre- 
sented by  the  railroad  terminals  of  Chicago,  may 
now  be -discussed. 

208.08  Power  Supply:  The  amount  of  energy 
required  to  operate  electrically  the  railroad  ter- 
minals of  Chicago,  while  large,  is  not  so  great  as 
to  justify   the   expectation  that  unusual  means 
must  be  employed  to  supply  it.     Reviewing  the 
possible   sources  of   such   supply,   the    following 
may  be  noted : 

Large  undertakings  of  the  kind  have  often  been 
stimulated  by  the  availability  of  water  power. 
Chicago  has  no  available  water  power  in  prox- 
imity to  the  proposed  electrification.  While  the 
transmission  of  electric  energy  to  Chicago  from 
a  remote  source  of  water  power,  such  as  might  be 


supplied  by  the  Mississippi  River,  is  possible,  a 
normal  procedure  would  not  permit  this  city  to 
receive  energy  from  such  a  source  until  commun- 
ities nearer  to  it  had  been  supplied.  Aside  from 
the  fact  that  the  intervening  territory  is  thickly 
populated  and  its  demands  are  likely  to  exceed 
the  supply  even  of  such  a  source,  an  electric 
transmission  line  of  approximately  250  miles  in 
length,  although  of  the  best  construction,  would 
constitute  a  weak  link  in  the  whole  project  of 
railroad  electrification.  The  possibility  of  ob- 
taining energy  for  the  electrification  of  Chica- 
go's railroad  terminals  from  water  power  cannot, 
therefore,  be  considered.  Such  energy  must  nec- 
essarily be  derived  from  fuel. 

A  supply  of  electric  energy  direct  from  the 
coal  fields  would  constitute  an  ideal  arrangement 
from  the  standpoint  of  smoke  abatement  since 
it  would  entirely  remove  from  the  city  the  neces- 
sity for  the  handling  and  burning  of  the  fuel  which 
would  otherwise  be  required  to  generate  the  neces- 
sary power  at  a  plant  located  in  Chicago,  or  ap- 
proximately 808,000  tons  of  fuel  per  annum.  The 
argument,  however,  against  the  remote  production 
and  long  distance  transmission  of  energy  as  affect- 
ing the  reliability  of  the  service,  applies  as  well 
in  this  case  as  in  the  suggested  possibility  of  se- 
curing power  from  a  remote  hydro-electric  plant. 
It  must  be  concluded  that,  under  present  con- 
ditions, it  will  be  better  to  transmit  potential 
energy  to  Chicago  in  the  form  of  fuel  than  in  the 
form  of  electricity.  Preferably  the  center  of  power 
supply  should  be  located  as  near  as  practicable  to 
the  center  of  distribution  to  the  motive  power  units. 

The  supply  of  electric  energy  for  railroad  trac- 
tion through  the  purchase  of  power  would  in  no 
wise  complicate  nor  in  any  large  way  simplify 
the  general  question  of  technical  feasibility  as 
applied  to  the  electrification  of  Chicago's  rail- 
road terminals  as  a  whole.  The  purchase  of 
power  from  a  public  utility  corporation  is  a  ques- 
tion to  which  the  Committee  has  not  given  detailed 
consideration.  For  the  present,  it  will  suffice  to 
note  that  whether  the  railroads  secure  electricity 
by  generating  it  themselves  or  by  purchasing  it 
is,  in  its  larger  aspects,  a  question  primarily  of 
administration.  The  problem  of  producing  the 
electric  energy,  except  as  affected  by  various 
incidental  considerations  to  be  hereinafter  noted, 
will  in  either  case  remain  the  same. 
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In  the  further  discussions  of  this  report  it  is 
assumed,  for  reasons  which  will  be  apparent,  that 
the  railroads  will,  in  the  event  of  electrification, 
provide  their  own  facilities  for  the  generation  and 
distribution  of  power.  Such  an  assumption  by 
the  Committee,  designed  to  serve  its  peculiar 
purposes,  is  not  intended  to  constitute  an  expres- 
sion of  opinion  as  to  what,  in  the  event  of  electri- 
fication, the  actual  procedure  should  be. 

Similarly,  questions  affecting  the  design  and 
equipment  of  the  necessary  sources  of  electric 
supply  which  shall  determine  whether  each  rail- 
road should  furnish  its  own  energy  or  all  the  rail- 
roads should  co-operate  in  unified  control  of  one 
or  two  large  power  generating  stations,  are  pri- 
marily questions  affecting  the  first  costs  and  oper- 
ating results  of  electric  traction.  A  discussion  of 
these  is  necessarily  predicated  upon  the  assumption 
that  the  generation  of  current  for  the  purposes  of 
railroad  electrification  is  technically  feasible. 

It  is  evident  from  the  preceding  discussion  that, 
while  questions  of  great  importance  are  intro- 
duced through  the  necessity  of  developing  a 
source  of  electric  energy  sufficient  to  operate  the 
railroads  of  the  terminal  and  while  the  settle- 
ment of  these  questions  will  certainly  find  many 
differences  of  opinion,  there  is,  from  a  technical 
point  of  view,  no  serious  difficulty  in  accomplish- 
ing this  end. 

208.09  Transmission  System:  The  problem  of 
transmitting  electric  energy  from  the  point  of 
generation  to  the  points  of  distribution  along  the 
rights-of-way  of  railroads  is  a  problem  upon  which 
there  are  likely  to  be  few  differences  of  opinion. 
It  presents  no  serious  technical  difficulties.     The 
efficient  transmission  of  electric  energy  normally 
involves  the  use  of  alternating  current  at  high  po- 
tential.    The  Committee  has  assumed  that  trans- 
mission lines  will  in  all  cases  be  of  open  wire 
construction  on  steel  poles  along  the  rights-of-way 
of  railroads  and  that  current  will  be  transmitted 
at  33,000  volts. 

The  use  of  the  rights-of-way  of  the  railroads 
for  transmission  lines  of  this  character  and  po- 
tential will  confine  the  lines  to  private  property 
and  will  facilitate  construction,  inspection  and 
maintenance.  The  type  of  construction  proposed 
will  provide  a  relatively  safe  installation. 

208.10  Substations:  The  proposal  to  electrify 
the  Chicago  railroad  terminals  involves  the  con- 


sideration of  problems  of  transforming,  converting 
and  regulating  large  amounts  of  power  at  sub- 
stations for  systems  employing  direct  current  on 
their  contact;  or  of  transforming  and  regulating 
large  amounts  of  power  at  substations  for  systems 
employing  single-phase  current.  The  problems 
of  the  substations,  however,  will  not  be  particu- 
larly difficult — as  the  principles  involved  are  all 
covered  by  existing  practice. 

208. 1 1  The  Importance  of  a  Co-operative 
Procedure  in  Generating  and  Distributing  Pow- 
er for  Chicago's  Railroad  Terminals :  From  the 
preceding  it  may  be  concluded  that  it  will  be  tech- 
nically feasible,  in  the  event  of  electrification,  for 
each  individual  railroad  to  provide  its  own  power 
station,  transmission  lines  and  substations.  Such 
a  solution,  however,  would  not  give  an  instal- 
lation which  would  meet  the  requirements  of 
present-day  standards  governing  such  matters. 

Of  the  39  railroads  operating  in  Chicago,  37 
will  be  involved  in  any  general  scheme  of  terminal 
electrification.  All  except  one  of  these  have 
tracks  for  which  electric  power  will  be  required, 
but  a  procedure  by  individual  railroads  which 
would  result  in  the  development  of  36  different 
power  stations  located  at  various  points  would, 
from  a  technical  and  economic  point  of  view, 
present  an  unfortunate  solution  of  this  detail  of 
the  whole  problem.  The  combined  capacity  and 
consequently  the  first  cost  of  such  a  series  of 
individual  power  .  stations  would  be  greatly  in 
excess  of  the  capacity  and  cost  of  a  single  power 
station  designed  for  joint  use,  and  the  operating 
costs  of  the  36  separate  power  stations  would  be 
greater  than  the  operating  costs  of  the  single 
joint  station. 

Similarly,  the  distribution  of  energy  through 
the  medium  of  individual  transmission  lines  and 
individual  series  of  substations  would  constitute 
a  much  more  complicated  solution  of  the  general 
problem  than  the  conditions  warrant.  Substa- 
tions would,  in  many  localities,  constitute  clusters 
of  facilities  which,  except  for  the  requirement  of 
individual  treatment,  could  be  better  embodied 
in  a  single  facility.  The  combined  capacity  and 
consequently  the  cost  of  such  a  group  of  sub- 
stations would  be  greatly  in  excess  of  that  of  a 
joint  substation  and  the  cost  of  operation  and 
maintenance  would  be  relatively  large. 

The  difficulties  and  the  weaknesses  inherent  in 
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a  solution  of  the  problem  of  power  generation 
and  distribution  through  the  agency  of  individual 
roads  disappear  at  once  when  joint  development 
is  assumed.  A  single  power  station,  or  perhaps 
two  stations,  designed  and  operated  for  the  joint 
use  of  all  roads,  and  a  single  system  of  trans- 
mission lines  and  substations  with  only  such 
duplication  as  may  be  desirable  to  insure  con- 
tinuity of  service  for  all  roads,  would  reduce  the 
whole  problem  of  power  generation  and  distribu- 
tion to  its  simplest  form  and  would  operate  greatly 
to  increase  the  technical  feasibility  of  this  aspect 
of  the  electrification  problem. 

The  determination  to  provide  for  the  joint  use 
of  such  facilities  would  do  more  than  promote 
efficiency  in  installation  and  operation;  it  would 
insure  to  all  the  railroads  of  the  terminal  uni- 
formity in  certain  fundamental  methods  and 
equipment  which  in  the  absence  of  such  procedure 
might  be  given  varying  forms  and  might  lead  to  a 
diversity  of  standards. 

The  development  of  facilities  for  the  generation 
and  distribution  of  power  for  the  joint  use  of  all 
railroads  embraced  by  the  activities  of  Chicago's 
terminals  can  only  be  secured  through  the  develop- 
ment of  a  co-operative  relationship  between  the 
railroads  concerned,  and  hence  the  ability  of  the 
diverse  interests  involved  in  any  plan  of  electrifi- 
cation to  agree  in  matters  of  detailed  procedure 
constitutes  an  important  aspect  of  the  problem  of 
technical  feasibility. 

208.12  Contact  System:  This  element  of  an 
electric  traction  system  is  by  far  the  most  impor- 
tant in  its  relation  to  the  question  of  technical 
feasibility.  In  fact,  the  choice  of  the  form  of  con- 
tact conductor  may  determine  whether  electrifi- 
cation is  technically  practicable  or  impracticable. 

The  contact  system  involves  a  continuous 
charged  conductor  alongside  or  above  each  track 
equipped  for  electric  operation.  The  design  and 
installation  of  a  suitable  contact  conductor  even 
for  simple  conditions  require  careful  attention, 
and  as  the  scope  of  the  electrification  plan  is 
extended  the  difficulties  attending  the  installa- 
tion of  a  workable  and  properly  safeguarded 
contact  conductor  are  increased.  The  Chicago 
terminals  present,  as  the  outgrowth  of  physical 
obstructions  and  traffic  requirements,  conditions 
which  are  unprecedented  in  complexity  and  magni- 
tude, and  these  conditions  offer  many  difficulties 


affecting  the  application  of  any  single  form  of 
contact  system. 

Electrical  Sufficiency 

This  phase  of  the  subject  need  not  here  be  dis- 
cussed in  detail.  It  has  already  been  shown 
(chapter  205)  that  sufficient  power  can  be  trans- 
mitted to  moving  trains  either  by  means  of  a 
third  rail  alongside  the  track  or  by  an  overhead 
wire.  The  technical  features  of  voltage  and  in- 
sulation have  all  been  solved  by  the  successful 
operation  of  existing  installations. 

Protection 

Contact  conductors  for  all  systems  must  neces- 
sarily be  so  located  that  contact  may  be  main- 
tained with  the  rolling  equipment.  They  must 
present  at  least  one  exposed  surface  to  permit 
the  maintenance  of  a  continuous  electric  contact 
with  sliding  devices  attached  to  the  moving 
train.  The  currents  employed  in  electric  traction 
are  of  such  potential  as  to  be  dangerous  to  life. 
The  question,  therefore,  of  protection  to  the 
public  and  to  employes  against  accidental  con- 
tact with  these  electrically  charged  conductors 
assumes  importance.  It  is  desirable  that  all 
parts  of  the  system  which  may  have  a  difference 
of  potential  between  them  and  the  ground,  be 
either  placed  out  of  reach  or  be  protected,  to 
remove  the  possibility  of  accidental  contact. 

In  the  case  of  the  third  rail  the  current  carried 
is  of  a  potential  sufficiently  high  to  cause  fatali- 
ties upon  contact  under  certain  conditions.  A 
momentary  contact,  however,  produces  only  a 
shock  which,  unless  it  causes  a  person  to  fall  on 
the  charged  conductor,  will  not  usually  prove 
fatal  or  even  permanently  disabling.  Such  pro- 
tection as  it  is  feasible  to  provide  for  third  rail 
construction  will  materially  reduce  the  danger  of 
accidental  contact  but,  as  will  be  shown  later, 
(chapter  303)  there  are  certain  conditions  under 
which  even  a  protected  third  rail  may  be  dan- 
gerous to  employes  performing  their  duties  and 
especially  dangerous  to  trespassers.  For  this  lat- 
ter reason  it  is  necessary  that  all  right-of-way 
of  railroads,  the  tracks  of  which  are  equipped 
with  third  rail,  be  securely  fenced. 

In  the  case  of  overhead  contact  conductors 
carrying  current  at  high  voltages,  isolation  must 
be  such  as  to  make  even  momentary  contact 


TECHNICAL  FEASIBILITY  OF  ELECTRIFICATION 


753 


impossible.  Aside  from  placing  the  contact  wires 
out  of  reach,  protection  is  required  to  prevent 
other  wires  crossing  above  them  from  falling  on 
the  contact  conductor  or  from  being  maliciously 
or  accidentally  tampered  with  from  bridges  or 
neighboring  buildings. 

Clearances 

It  has  been  found  in  extended  experience  that 
practical  considerations  determine  the  location  of 
third  rail  conductors  within  very  narrow  limits. 
The  location  standardized  by  the  American  Rail- 
way Association  is  discussed  in  chapter  207.  This 
location  will  not  clear  all  existing  permanent  way 
structures  nor  all  existing  rolling  stock;  conse- 
quently, if  the  third  rail  is  given  such  standard 
location,  important  changes  must  be  made  in  the 
present  railroad  standards  relating  to  structures 
and  equipment.  The  changes  required  in  per- 


rail  is  described  elsewhere  (chapter  207).  A 
detailed  analysis  of  six  important  Chicago  rail- 
roads, showing  the  extent  to  which  resort  to  this 
form  of  construction  would  be  necessary,  is  set 
forth  by  table  CCXLVII. 

It  appears  from  table  CCXLVII  that,  under 
present  methods,  the  six  railroads  examined  would 
have  3,834  gaps  more  than  25  feet  in  length  in  the 
third  rail  conductor,  aggregating  56.42  miles.  Of 
these  gaps  2,216,  aggregating  24.06  miles,  would 
be  unimportant  since  they  would  be  short  or 
would  occur  in  places  where  trains  could  coast 
over  them.  Another  class,  numbering  88 1  gaps 
and  aggregating  16.13  miles,  could  be  reduced 
so  that  proper  operation  could  be  maintained; 
some  of  them  could  be  eliminated  by  rearranging 
track  or,  assuming  that  permission  could  be  ob- 
tained from  the  municipality,  by  closing  some 
streets  and  reducing  the  width  of  other  streets  and 


TABLE  CCXLVII.     GAPS  IN  THIRD  RAIL  GREATER  THAN  25  FEET 
(Basis  of  1912) 


Railroad 

Miles  of 
Track  in 
the  Area  of 
Investiga- 
tion 

No. 
of 
Gap* 

Mileage 
of 
Gaps 

Gaps  and  Suggested  Remedy 

for  Satisfactory  Operation 

Nothing  Needed 

Use  Overhead 

Rearrange  Tracks     Shorten  Gap 

No. 

Miles 

No. 

Miles 

No. 

Miles 

No. 

Mile. 

1 

2 

3 

4 

5 

0 

7 

8 

9 

10 

11 

I-' 

Chicago  &  North  Western  Ry  

.-,10   Uli 
344  .  19 
307.57 
180.88 
134.22 
177.78 

978 
806 
S54 
399 
406 
391 

14.95 
11.25 
13.75 
3.67 
6.32 
6.48 

.-,'17 
591 
335 
211 
188 
294 

t;  m; 
6.42 
3.66 
2.27 
2.37 
3.28 

316 
136 
100 
51 
88 
46 

7.25 
3.15 
2.15 
1.06 
1.65 
0.97 

1 

2 

7 

'9 
20 

0.03 
0.15 
0.41 

0.20 
1  68 

64 
77 
412 
137 
121 
31 

1.61 
1.53 
7.53 
0.34 
2.10 
0.55 

Pittsburgh,  Cincinnati,  Chicago  &  St.  Louis  Ry.  . 
Pittsburgh.  Fort  Wayne  &  Chicago  Ry  

Totals  

1.IW5.00 

:(.s:i.t 

56.42 

2.216 

24.06 

737    !    18.23 

38 

2.47        842 

i:i  iv; 

manent  way  structures  resolve  themselves  into 
matters  of  cost;  the  changes  required  in  rolling 
stock  relate  largely  to  special  equipment  such  as 
wrecking  derricks  and  snow  plows.  The  adop- 
tion, therefore,  of  the  third  rail  conductor  will  in- 
volve serious  changes  in  existing  structures  and 
in  existing  work  equipment. 

At  switches,  at  special  or  complicated  track 
work,  at  highway  crossings  and  at  crossings  of 
railroad  tracks,  the  third  rail  cannot  be  made 
continuous  but  must  be  laid  in  sections  connected 
by  underground  cables.  Gaps  are  thus  created 
in  the  contact  system  over  which  trains  must 
coast.  In  certain  locations  coasting  is  not  ob- 
jectionable but  in  others,  especially  in  yards  and 
at  switching  points,  turnouts  and  crossovers,  no 
gaps  can  be  allowed;  consequently,  where  the 
third  rail  alongside  the  track  must  cease  an  over- 
head third  rail  conductor  must  be  substituted. 
The  character  and  location  of  this  overhead  third 


roads.  The  expense  of  making  these  changes  has 
not  been  determined,  but  it  would  be  large.  The 
remaining  737  gaps,  averaging  more  than  115  feet 
in  length  and  aggregating  16.23  miles,  or  about 
one  per  cent  of  the  total  mileage  examined, 
would  require  the  use  of  an  overhead  third  rail 
conductor. 

The  list  of  gaps  in  third  rail  for  the  six  railroads 
examined  (table  CCXLVII)  does  not  include  those 
on  tracks  on  which  electric  operation  could  not  be 
maintained  owing  to  the  fact  that  it  is  not  possi- 
ble to  install  third  rail  or  overhead  conductor  rail. 
The  extent  of  such  track  was  determined  for  one 
railroad  only  and  amounts  to  1 1 . 65  miles.*  Con- 
ditions on  this  road  are  representative.  If  it  is 
assumed  that  the  trackage  of  all  railroads  in  the 
terminals  which  cannot  be  equipped  with  third 
rail  bears  the  same  ratio  to  the  total  as  the 
mileage  of  track  on  the  Chicago  &  North  Western 

*  The  Chicago  &  North  Western  Railway. 
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Railway  that  cannot  be  equipped  with  third  rail 
bears  to  the  total  terminal  trackage  of  that  road, 
it  would  appear  that  more  than  two  per  cent  of 
the  total  mileage  of  track  embraced  by  the  Com- 
mittee's studies,  or  about  75  miles,  could  not  be 
equipped  with  third  rail. 

The  construction  of  the  overhead  third  rail  is 
heavy  and  complicated.  The  supporting  bridges 
increase  complication  and  danger  by  interposing 
near  the  rails  heavy  structures  which  obstruct 
the  view  of  tracks  and  signals.  In  yards  the 
amount  of  such  overhead  construction  required 
is  extensive  and  costly  and  its  presence  intro- 
duces many  difficulties  in  operation. 

The  presence  of  the  third  rail  makes  dangerous 
the  crossing  of  yards  and  the  coupling  of  cars. 
It  makes  more  difficult  the  installation  and 
operation  of  switches  and  signals.  The  view  of 
signals  on  overhead  signal  bridges  and  of  tracks 
would  be  more  or  less  obstructed  by  the  structures 
supporting  the  overhead  conductor  rail  which 
would  be  required  in  many  localities  in  the  Chicago 
terminals. 

The  third  rail  as  a  mechanical  obstruction  in- 
volving hazard  to  the  safety  of  men  working  in 
yards  was  considered  in  detail  at  a  meeting  of 
operating  officials  of  Chicago  railroads  held  under 
the  auspices  of  the  Committee.*  It  was  agreed 
that  it  is  necessary  for  employes  to  work  on 
both  sides  of  cars  and  that  they  would  meet  with 
the  third  rail  obstruction  everywhere.  In  repair 
yards  the  presence  of  the  third  rail  would  inter- 
fere with  the  work  of  men  using  jacks,  bars 
and  other  tools.  In  other  yards  light  repairs  are 
sometimes  made  on  cars  in  trains  and  the  third 
rail  would  be  an  impediment  to  this  work. 
The  efficiency  of  inspectors  and  trainmen  would 
be  decreased  owing  to  the  danger  of  falling  over 
the  third  rail.  In  some  instances,  where  two 
third  rail  conductors  must  be  located  between 
tracks,  very  little  space  would  remain  in  which 
a  man  could  walk  or  run,  as  is  required  in  switch- 
ing operations. 

These  objections  to  the  third  rail  pertain  merely 
to  the  physical  obstruction  it  imposes.  Dangers 
arising  from  electric  conditions  attending  its  use 
are  elsewhere  considered  (chapter  303). 

Clearance  is  a  matter  of  great  importance  in 
connection  with  a  system  of  contact  using  high 

•See  Archives  of  the  Committee.  Vol.  B  11. 


voltage  overhead  conductor  wires.  Not  only 
must  these  wires  be  placed  at  a  suitable  height 
to  permit  the  contact  to  be  made  from  a  moving 
train,  but  it  is  desirable  that  they  be  maintained 
at  a  height  sufficient  to  clear  trainmen  on  tops  of 
cars  while  engaged  in  performing  necessary  du- 
ties. This  protection  should  be  such  that  train- 
men cannot  come  in  contact  with  the  wires  under 
any  conditions.  It  requires  not  only  that  the 
wire  shall  be  high  enough  to  clear  a  tall  man 
standing  on  top  of  the  highest  car  but  also  high 
enough  to  permit  him  to  give  signals  with  a  lan- 
tern swung  overhead  with  outstretched  arm.  The 
recommended  practice  of  the  American  Railway 
Association  governing  the  limiting  heights  of 
overhead  contact  wires  with  high  voltages  is 
discussed  elsewhere  (chapter  207). 

Overhead  obstructions,  such  as  highway  or 
railroad  bridges,  present  a  difficult  problem  in 
connection  with  the  installation  of  a  workable 
overhead  conductor.  In  general,  where  train- 
men are  permitted  on  tops  of  cars,  the  clear- 
ance under  overhead  bridges  should  not  be  less 
than  25  feet  in  order  that  the  trolley  wire  may  be 
24  feet,  2  inches,  above  the  top  of  rail.  In  cases 
where  trainmen  are  barred  from  the  tops  of  cars 
a  minimum  bridge  clearance  of  16  feet,  6  inches, 
is  permissible. 

An  examination  of  clearances  in  the  Chicago 
terminals  reveals  the  fact  that  the  installation  of 
an  overhead  contact  system  of  any  kind  cannot 
be  made  without  important  changes  in  existing 
structures  above  and  near  railroad  tracks. 

Within  the  Area  of  Investigation  there  are  492 
permanent  structures  which  fail  to  have  sufficient 
clearance  over  tracks  to  allow  the  installation  of 
the  overhead  conductor  at  the  desired  height  of 
24  feet,  2  inches.  Of  these  obstructions,  221  can- 
not be  changed  without  great  inconvenience  and 
expense  both  to  the  city  and  to  the  railroads. 
There  are  385  structures  which  have  clearances  of 
less  than  25  feet;  163  of  these  can  be  changed 
to  provide  the.  desired  clearance,  but  not  without 
material  expense,  and  222  cannot  be  changed 
without  great  inconvenience  and  expense.  There 
are  70  of  these  structures  which  have  less  than 
the  minimum  clearance  of  16  feet,  6  inches,  per- 
missible where  trainmen  are  not  permitted  on  tops 
of  cars. 

The  conclusion  follows  that  sufficient  clearance 
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to  permit  employes  to  ride  on  tops  of  cars  can- 
not be  obtained  throughout  the  Chicago  ter- 
minals. It  is  necessary,  therefore,  to  discuss  the 
operating  objections  introduced  by  this  fact. 

Under  present  rules  trainmen  are  required  on 
tops  of  cars  of  road  freight  and  transfer  trains 
approaching  stations  and  railroad  crossings.  A 
trainman  is  required  on  top  of  the  head  car  of 
transfer  trains  when  being  pushed  by  locomotives. 
These  rules  are  based  upon  procedures  which  are 
well  established  and  are  designed  to  secure  safe 
and  efficient  operation. 

Trainmen  at  present  ride  on  tops  of  cars  under 
certain  conditions  in  classification  yards.  In  flat 
yards  it  is  occasionally  necessary  and  in  gravity 
yards  it  is  generally  necessary  for  trainmen  to 
ride  cars  to  set  brakes.  In  gravity  yards  the 
whole  scheme  of  operation  is  predicated  upon 
having  a  man  on  each  "cut"  to  operate  the 
brakes. 

In  handling  cars  on  team  tracks,  freight  house 
tracks,  industrial  tracks  and  tracks  in  repair 
yards  and  storage  yards,  employes  usually  ride 
on  tops  of  cars  to  give  signals  as  guides  in  spotting 
cars  and  for  the  protection  of  workmen. 

It  is  evident  that  under  existing  conditions 
trainmen  at  times  ride  on  cars  in  nearly  every 
class  of  work  conducted  on  the  tracks  of  the 
Chicago  terminals.  It  is  obvious,  also,  that  if 
existing  tracks  were  covered  by  an  overhead 
contact  system  with  frequent  recurrence  of  low 
clearances,  the  present  practice  would  need  to  be 
modified,  for  while  riding  on  cars  would  be  safe 
in  certain  localities,  it  could  not  be  permitted  in 
others. 

At  the  meeting  of  the  Chicago  railroad  officials 
previously  referred  to,  the  question  of  the  prac- 
ticability of  excluding  men  from  the  tops  of  cars 
and  of  continuing  the  normal  operation  of  the 
terminals  was  thoroughly  discussed.*  It  was 
agreed  that  rules  to  be  observed  by  trainmen 
could  not  both  permit  and  prohibit  riding  on  the 
tops  of  cars  within  the  limits  of  the  same  terminal. 
It  was  the  sense  of  this  meeting  that  the  exclusion 
of  men  from  tops  of  cars  would  make  impossible 
the  operation  of  the  Chicago  terminals.  If  this 
view  is  accepted  as  final,  it  must  be  concluded  that 
any  form  of  overhead  contact  system  is  imprac- 
ticable for  general  use  in  the  terminals  of  Chicago. 

•Archives  of  the  Committee.  Vol.  B  II. 


The  opinion  thus  expressed,  while  based  upon 
an  intimate  knowledge  of  existing  conditions,  may 
not  be  wholly  justified.  It  is  always  difficult  to 
modify  an  established  procedure  and  it  is  not 
easy  to  anticipate  all  that  may  be  involved  by 
such  a  change.  However,  the  introduction  of 
electric  traction  elsewhere  has  led  to  changes  in 
operating  conditions  and,  while  there  exist  no 
precedents  covering  all  of  the  conditions  to  be 
met  in  Chicago,  it  is  reasonable  to  assume  that  a 
satisfactory  procedure  can  be  developed,  though 
its  consummation  may  involve  inconvenience 
and  added  expense.  There  already  exist  within 
the  Chicago  terminals  many  localities  in  which, 
owing  to  physical  obstructions,  men  cannot  remain 
on  tops  of  cars.  In  such  cases  warning  devices 
are  employed  for  protection.  The  introduction 
of  an  overhead  electrical  conductor  would  increase 
the  danger  to  trainmen  and  it  would  increase  the 
number  of  localities  in  which  provision  must  be 
made  for  new  forms  of  warning  devices.  With 
the  protection  afforded  by  such  warnings  it  is 
believed  that  an  extensive  application  of  an  over- 
head contact  system  will  be  found  practicable  for 
the  Chicago  terminals. 

Reliability  of  Operation  with  the  Different  Con- 
tact Systems 

Reliability  of  operation  is  an  essential  require- 
ment of  any  technically  feasible  system  of  trac- 
tion. Reliability  of  electric  traction  as  a  whole 
is  discussed  later  (chapter  302).  The  present 
purpose  is  to  consider  conditions  affecting  the 
reliability  of  the  contact  systems. 

Experience  has  shown  that  snow  storms  have 
no  effect  upon  the  catenary  construction  and 
current  collecting  equipment  of  the  overhead 
contact  systems.  An  ordinary  snow  storm  does 
not  materially  interfere  with  operation  with  third 
rail,  but  drifting  snows,  such  as  often  accompany 
storms  in  Chicago,  cause  considerable  delay  to 
traffic  The  effect  of  snow  on  long  lines  of  track 
or  in  very  large  yards  is  serious,  because  of  the  im- 
practicability of  using  snow  plows  for  the  prompt 
removal  of  accumulations  from  the  third  rail. 

Experience  with  the  overhead  contact  system 
has  shown  that  sleet  formations  on  the  contact 
wire  cause  some  sparking  but,  except  in  the 
case  of  a  most  unusual  storm,  do  not  interfere 
with  the  movements  of  trains.  The  high  voltage 


756 


SMOKE  ABATEMENT  AND  ELECTRIFICATION  IN  CHICAGO 


employed  on  the  overhead  system  and  the  flexi- 
bility of  the  construction  are  factors  contributing 
to  this  result.  With  the  third  rail  construction, 
however,  sleet  cannot  be  prevented  from  occasion- 
ally forming  on  the  contact  surface.  When  it 
does,  it  tends  to  insulate  the  collecting  shoes  of 
the  locomotives  or  motor  cars  from  the  rail, 
making  the  operation  of  trains  uncertain.  It  is 
the  practice  on  several  third  rail  roads  to  apply 
to  the  contact  rail  a  chemical  (chlorid  of  calcium) 
solution  which  softens  the  ice,  and  by  following 
this  with  a  scraper  the  surface  of  the  rail  may  be 
cleaned.  In  severe  sleet  storms  cars  equipped  to 
do  this  are  operated  continuously,  a  requirement 
which,  especially  in  yards,  is  at  times  difficult 
to  meet  because  of  the  presence  of  idle  cars  or 
trains. 

With  either  the  overhead  construction  or  third 
rail,  the  failure  of  insulators  and  the  grounding  of 
the  contact  conductor  or  its  feeders  will  cause  an 
interruption  in  the  supply  of  power  to  a  track, 
and  in  some  cases  to  an  entire  section.  With  all 
contact  systems,  interruptions  of  current  on  the 
contact  may  be  confined  by  the  switching  sta- 
tions to  a  relatively  small  extent  of  trackage. 
When  failures  are  reported  an  emergency  crew 
goes  at  once  to  the  section  affected.  With  the 
third  rail  contact  system,  the  fact  that  the  rail 
is  located  alongside  the  track  makes  it  easily 
accessible  for  repairs.  With  the  overhead  con- 
tact, a  defect  in  the  conductor  is  less  accessible 
and  consequently  more  likely  to  require  the 
presence  of  a  repair  train. 

Derailments  and  wrecks  where  the  third  rail 
is  employed  may  cause  damage  to  the  contact 
system.  Short  circuits  may  result  and  fire  in 
wooden  cars  or  combustible  material  may  follow. 
Damage  of  this  kind  to  the  overhead  contact 
system  would  not  be  likely  to  occur  except  in 
the  case  of  a  serious  wreck. 

In  wrecking  operations  the  overhead  construc- 
tion tends  to  interfere  more  or  less  with  the 
freedom  of  work  with  cranes,  but  the  fact  that 
the  wires  are  normally  25  feet  above  the  track 
and  that  there  is  ample  space  between  the  con- 
tact wires  tends  materially  to  reduce  the  extent 
of  this  interference.  It  is  assumed  that  current 
will  be  cut  off  from  the  overhead  contact  during 
wrecking  operations.  The  third  rail  on  tracks 
blocked  by  a  wreck  can  hardly  be  said  to  consti- 


tute an  obstruction,  but  its  presence  on  adjoining 
tracks,  if  an  attempt  be  made  to  maintain  running 
conditions,  is  an  obstruction  to  the  free  movement 
of  the  wrecking  crew  and  equipment. 

208.13  Rolling  Equipment:  The  propulsion  of 
trains  in  the  terminals,  in  the  event  of  electrifica- 
tion, would  be   secured  by   the  use  of  electric 
locomotives  for  all  freight  service  and  for  such 
passenger  service  as  has  its  origin  or  destination 
outside  of  the  limits  of  electrification,  while  local 
passenger  trains  would  be  composed  of  motor  and 
trailer  cars.     The  characteristics  of  electric  loco- 
motives  and   motor   cars   have   been    discussed 
elsewhere    (chapter    207).     It   has   been    shown 
that,  as   regards  capacity  to    perform    any   re- 
quired work  at  the  required   operating   speeds, 
they  compare  favorably  with  steam  locomotives, 
and  are  thus  suitable  for  work  in  the  Chicago 
terminals.    It  has  also  been  shown  that,  as  regards 
reliability  and  safety,  electric  rolling  equipment 
should  be  satisfactory  for  the  terminal  services. 
Technically,  therefore,  and  aside  from  the  question 
of  permanency  of  type,   the  rolling  equipment 
feature  of  an  electric  traction  system  may  be 
definitely  regarded  as  satisfactorily  solved  for  the 
terminals. 

208.14  Miscellaneous   Equipment:     In   addi- 
tion to  the  main  elements  of  an  electric  traction 
system,   hereinbefore  discussed,  there  are  certain 
facilities  required  to  adapt  the  system  as  a  whole 
to  the  terminal  service.     These  are : 

1 .  Electric  locomotive  houses. 

2.  Shops  for  the  inspection  and  repair  of  rolling 
stock. 

3.  Transfer  yards  for  the  interchange  of  motive 
power  on  through  runs. 

4.  Work  and  inspection  equipment  for  repairs 
to  line. 

5.  Telephones  for  intercommunication  between 
all  parts  of  the  system. 

All  of  these  have  been  provided  in  other  instal- 
lations covering  all  the  requirements  of  the  Chicago 
terminals,  and  therefore  their  technical  feasibility 
has  been  demonstrated. 

The  present  signal  systems  used  by  23  railroads 
in  the  Chicago  terminals  could  not  be  used  with 
any  form  of  electric  traction  now  available.  Modifi- 
cations in  these  signals  will  be  necessary,  such  as 
the  addition  of  new  apparatus  to  harmonize  with 
the  changed  conditions  due  to  the  presence  of  trac- 
tion current  in  the  track  rails.  It  is  technically 
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feasible  to  make  the  changes  required  without 
affecting  unfavorably  the  reliability  of  signals.* 

208.15  The  Return  Circuit  and  Electrolysis: 
In  all  systems  of  traction  under  consideration, 
current  is  returned  to  the  substations  through  the 
track  rails  and  the  earth.  This  current  may  also 
find  its  way  through  pipes,  lead  sheaths  of  cables 
and  other  metallic  structures  placed  in  the  ground. 
As  the  losses  in  the  return  circuit  are  proportional 
to  the  resistance  of  the  circuit,  it  is  desirable  to 
maintain  reasonable  conductivity.  This  is  accom- 
plished by  bonding  the  rails  at  joints  and  installing 
return  feeders  and  by  cross-bonding  rails.  The 
factors 'which  affect  the  public  are  more  serious 
than  the  electrical  loss  in  the  return  circuit ;  these 
factors  are  electrolysis  and  inductive  interferences. 

Direct  current  flowing  from  pipes  and  other 
metallic  structures  to  the  earth  produces  an 
electrolytic  action  at  the  point  where  the  current 
leaves  the  metal.  This  action  results  in  a  disin- 
tegration of  the  metal  which  may  eventually 
become  serious.  There  has  been  a  considerable 
amount  of  damage  to  water  pipes,  conduits,  cables 
and  similar  property  in  all  large  cities  through 
leakage  of  the  return  current  from  street  railway 
lines,  and  it  is  possible  that  damage  of  this  sort 
might  be  caused  to  property  in  Chicago  by  the 
installation  of  an  extensive  direct  current  traction 
system.  No  complete  cure  for  this  trouble  has 
been  found.  The  damage  may  be  obviated  to  a 
great  extent  by  installing  return  feeders,  drain- 
age connections  and  other  devices.  If,  in  addition, 
constant  watchfulness  is .  exercised  the  damage 
may  become  negligible,  but  the  expense  of  such 
a  procedure  is  considerable.  With  alternating 
current,  on  the  other  hand,  there  is  practically 
no  electrolytic  action. 

Various  municipalities  have  framed  ordinances 
to  prevent  damage  from  electrolysis  in  the  elec- 
tric operation  of  railroads,  and  Chicago  has  a  very 
stringent  ordinance  for  this  purpose,  passed  by 
the  City  Council  July  15,  1912.  The  following 
extracts  show  the  character  of  the  restrictions 
imposed  by  the  ordinances. 

"SECTION  i.  All  uninsulated  electrical  return 
circuits  must  be  of  such  current  carrying  capacity 
and  so  arranged  that  the  difference  of  potential 
between  any  two  points  on  the  return  will  not 

*A  more  detailed  discussion  of  the  changes  necessary  and  the  cost  of  changes 
will  be  found  in  chapter  213. 


exceed  the  maximum  limit  of  twelve  (12)  volts, 
and  iictwc-en  any  two  points  on  the  return  i  ,000 
feet  apart  within  one  mile  radius  of  the  City  Hall 
will  not  exceed  the  limit  of  one  (i)  volt,  and 
between  any  two  points  on  the  return  700  feet 
apart  outside  of  this  one  mile  radius  limit  will 
not  exceed  the  limit  of  one  (i)  volt.  In  addition 
thereto,  a  proper  return  conductor  system  must 
be  so  installed  and  maintained  as  to  protect  all 
metallic  work  from  electrolysis  damage. 

"The  return  current  amperage  on  pipes  and 
cable  sheaths  must  not  be  greater  than  o .  5  am- 
peres per  pound  foot  for  caulked  cast  iron  pipe, 
8  amperes  per  pound  foot  for  screwed  wrought 
iron  pipe,  and  16  amperes  per  pound  foot  for 
standard  lead  or  lead  alloy  sheaths  of  cables." 

This  ruling  was  amended  for  the  benefit  of  the 
Chicago  surface  railways  in  an  ordinance  dated 
November  13,  1913,  extracts  from  which  are  as 
follows: 

"A.  For  the  purpose  of  preventing  damage 
by  electrolysis  the  City  of  Chicago  shall  be  divided 
into  three  (3)  zones,  as  follows:  The  first,  or  inner 
zone,  shall  comprise  that  district  of  the  city 
bounded  by  Lake  Michigan  on  the  east,  i2th 
Street  on  the  south,  Halsted  Street  on  the  west 
and  Chicago  Avenue  on  the  north.  The  second, 
or  middle  zone,  shall  comprise  that  district  of  the 
city  lying  outside  of  the  inner  zone,  bounded  as 
follows:  Lake  Michigan  on  the  east,  7Qth  Street 
on  the  south  to  Western  Avenue;  thence  north 
along  Western  Avenue  to  3ist  Street;  thence 
west  along  3ist  Street  to  4oth  Avenue;  thence 
north  along  4oth  Avenue  to  Belmont  Avenue; 
thence  east  along  Belmont  Avenue  to  Kedzie 
Avenue;  thence  north  on  Kedzie  Avenue  to 
Lawrence  Avenue;  thence  east  on  Lawrence 
Avenue  to  Clark  Street ;  thence  north  along  Clark 
Street  to  city  limits;  thence  east  along  the  city 
limits  to  Lake  Michigan;  thence  south  along 
the  shore  of  Lake  Michigan  to  Chicago  Avenue. 
The  third,  or  outer  zone,  shall  include  all  of  the 
territory  within  the  present  or  future  limits  of 
the  City  of  Chicago  not  included  in  the  inner  and 
middle  zones. 

"B.  All  uninsulated  electrical  return  circuits 
shall  be  of  such  current  carrying  capacity  and 
so  arranged  that  the  sustained  maximum  differ- 
ence of  potential  between  any  two  points  on  any 
uninsulated  portion  of  such  circuit  will  not  exceed 
the  limit  of  ten  (10)  volts  in  the  inner  zone, 
fifteen  (15)  volts  in  the  middle  zone  and  twenty 
(20)  volts  in  the  outer  zone;  provided,  however, 
that  such  sustained  maximum  difference  of 
potential  between  any  two  such  points  in  the 
grounded  portion  of  the  negative  return  shall  not 
exceed  a  limit  to  be,  from  time  to  time,  pre- 
scribed by  the  Board  of  Supervising  Engineers; 
and  provided,  further,  that  the  Board  of  Super- 
vising Engineers  shall  have  the  power  to  increase 
the  maximum  drop  in  the  outer  zone  to  25  volts 
at  such  points  as  may  be  deemed  advisable  by  the 
Board  for  the  extension  of  track  into  outlying  dis- 
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tricts  of  the  City  where  the  underground  utilities 
are  not  fully  developed.  The  term  'sustained 
maximum  difference  of  potential'  is  hereby  denned 
as  the  highest  average  difference  of  potential  for 
any  3o-minute  period  during  normal  conditions 
of  operation." 

The  evident  purpose  of  the  ordinances  is  to 
control  the  practice  of  the  surface  and  elevated 
lines  of  the  city.  In  the  development  of  the 
traffic  of  the  surface  lines,  however,  it  was  found 
impracticable  to  meet  the  requirements  of  the 
first  ordinance  quoted,  and  its  enforcement  was 
waived  until  amended.  Whether  the  ordinances 
will  apply  to  steam  railroads  in  the  event  of  their 
electrification  with  a  direct  current  system  is,  of 
course,  not  known.  In  many  respects  these  pro- 
visions are  hardly  applicable  to  the  conditions 
which  would  exist  if  the  steam  railroads  were 
electrified.  A  comparison  between  the  electroly- 
sis caused  by  street  railways  and  that  caused  by 
electrified  steam  railroads  shows  the  following 
differences,  all  of  which  should  be  considered  in 
any  adjustment  of  the  ordinances  to  make  them 
applicable  to  electrified  steam  railroad  conditions : 

1.  The  tracks  in  the  city  streets  are  buried  in 
the  pavements  and  are  therefore  in  close  contact 
with  the  moisture  in  the  streets;    whereas  the 
steam  railroad  tracks  are  laid  in  gravel,  cinder 
or  stone  ballast  on  private  rights-of-way;    the 
ballast  has  provisions  for  drainage  and  therefore 
some  insulating  qualities. 

2.  The  number  and  size  of  the  sub-surface 
facilities  which  may  be  detrimentally  affected  by 
electrolysis  are  vastly  greater  in  amount  in  city 
streets  than  under  the  railroad  rights-of-way. 

3.  The  pipes  and  cables  laid  alongside  or  under 
the  railroad  rights-of-way  where  they  may  be 
subject  to  electrolysis,  are  in  a  large  part  owned 
by  the  railroads  themselves  rather  than  by  other 
interests  as  in  the  case  of  surface  street  facilities, 
and  any  damage  which  may  be  done  by  steam 
railroad   electrification   will   therefore   have   its 
greatest  effect  upon  property  owned  by  the  rail- 
roads. 

In  the  Committee's  further  consideration  of 
technical  feasibility  in  its  relation  to  electrolysis, 
it  has  been  assumed  that  provision  must  be  made 
for  maintaining  a  low  drop  of  potential  in  all 
tracks  of  the  terminals,  but  the  limits  which  have 
been  accepted  will  not  suffice  to  meet  the  require- 
ments of  the  ordinance  first  quoted.  The  Com- 
mittee's assumptions,  however,  provide  for  a 
maximum  potential  difference,  considerably  less 
than  the  requirements  of  the  amended  ordinance 


quoted,  within  the  first  zone  specified.  Within 
the  middle  and  outer  zones  defined  by  the  or- 
dinance, the  Committee's  studies  present  one 
isolated  case  where  the  potential  drop  specified 
is  exceeded,  while  outside  of  the  city  limits  the 
potential  drop  will  probably  be  largely  in  excess 
of  that  permitted  by  the  city  ordinance  since 
these  sections  are  in  effect  stub-end  feeds  from 
outermost  substations.  It  must  be  remembered, 
however,  that  outside  the  city  the  lines  pass 
through  territory  which  is  relatively  sparsely 
populated  and  where  possible  damage  from  elec- 
trolysis may  in  most  cases  be  regarded  as  neg- 
ligible. 

In  the  event  of  electrification  with  the  11,000- 
volt  single-phase  system,  with  which  practically 
no  electrolytic  damage  would  occur,  governing 
ordinances  would  require  amendments  to  specify 
that  they  applied  to  direct  current  return  circuits 
and  not  to  all  electric  return  circuits. 

208.16  Inductive  Interferences:  The  single- 
phase  alternating  current  induces  in  neighboring 
wires  and  conductors,  such  as  telephone  and 
telegraph  circuits,  an  electromotive  force  which, 
in  the  case  of  long  lines  close  to  the  right-of-way, 
is  sufficient  to  cause  considerable  disturbance  and 
to  prevent  the  proper  working  of  the  telephone 
and  telegraph  instruments.  It  has  been  the  ex- 
perience of  the  New  York,  New  Haven  &  Hart- 
ford Railroad  and  of  other  railroads  using  single- 
phase  alternating  current  that  trunk  lines  of  the 
telephone  and  telegraph  companies  have  been 
disturbed;  it  has  been  necessary  to  place  many 
of  the  lines  underground  and  to  re-route  the  long 
distance  circuits  so  as  to  keep  them  out  of  the 
range  of  the  traction  system.  A  considerable 
sum  of  money  has  been  spent  in  investigations 
to  devise  other  means  of  preventing  induction 
and  much  has  been  learned.  However,  the 
question  of  prevention  of  inductive  effects 
has  not  been  entirely  solved  and  more  effective 
methods  must  be  developed.  In  Chicago,  this 
question  would  be  a  serious  one  unless  a  satis- 
factory means  were  obtained  whereby  inter- 
ference with  the  usefulness  of  telephone  and 
telegraph  circuits  could  be  prevented.* 

Meanwhile  it  may  be  assumed  that  the  question 
of  induction  can  be  taken  care  of  satisfactorily  by 

*A  detailed  discussion  of  the  procedures  employed  in   the  prevention  of 
inductive  disturbances  it  given  in  chapter  201. 
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carefully  arranging  feeding  points,  by  providing 
a  low  resistance  return  circuit  and  by  installing 
booster  transformers.  With  such  provisions  the 
cabling  of  telephone  and  telegraph  circuits  will 
not  be  necessary. 

208.17  A  Summary  of  Facts  and  Conclusions 
concerning  the  Technical  Feasibility  of  Electri- 
fication: The  more  important  facts  which  have 
reference  to  the  technical  feasibility  of  electrifi- 
cation, as  applied  to  the  railroad  terminals  of 
Chicago,  and  the  specific  conclusions  which  seem 
justified  by  a  review  of  these  facts,  may  be  set 
forth  briefly  as  follows: 

1.  Through   experience   elsewhere   it   has 
been  demonstrated  that: 

a.  Trains  of  any  weight  can  be  hauled 
electrically  at  any  necessary  speed,  pro- 
vided sufficient  electric  power  can  be  con- 
veyed to  the  traction  motors. 

b.  Where  appliances  can  be  properly  in- 
stalled and  maintained,  electric  traction 
has  been  found  to  be  reliable. 

c.  The  introduction  of  electric  traction 
does  not  materially  affect  the  hazard  of 
railroad  operation. 

2.  Electrification  elsewhere  has  been  un- 
dertaken in  connection  with  different  rail- 
road services  along  the  following  lines: 

a.  It    has   most    frequently   been   em- 
ployed in  suburban  passenger  service. 

b.  It  has  been  used  for  all  passenger 
services  in  connection  with  the  intensive 
development  of  great  passenger  terminals 
where   underground   operation   has   been 
involved. 

c.  It  has  been  used  for  both  freight 
and  passenger  operation  in  tunnels. 

d.  It  has  been  applied  to  sections  of 
through  lines  to  improve  operation  of  both 
freight  and   passenger   service  on  heavy 
grades. 

e.  It  has  been  applied  to  sections  of 
through  lines  in  anticipation  of  operating 
economies  through  the  utilization  of  water 
power    or    other    relatively    inexpensive 
centralized  power. 

/.  It  has  been  employed  by  a  single 
railroad  in  this  country  in  the  operation 
of  three  switching  yards,  the  work  of 
which  must  still  be  regarded  as  being  in 
an  experimental  stage. 

3.  An  attempt  to  apply  the  demonstrated 
facts  discloses  the  existence  of  a  wide  gap 
between  that  which  has  been  accomplished 
and  that    which  is  necessary  to  meet   all 
the   various    conditions    presented    by    the 


proposed  electrification    of  the  Chicago  ter- 
minals 

4.  Progress  in  the  development  of  electric 
traction  installations  has  thus  far  not  re- 
sulted   in   the   establishment    of   approved 
standards    relating    to    equipment,    trans- 
mission systems  and  methods  of  operation. 
The   electrification    of   Chicago's   terminals 
would,  therefore,  involve  definite  decisions 
with  reference  to  fundamental  questions  of 
vital  importance. 

5.  It  is  technically  feasible  for  each  in- 
dividual road  in  Chicago,  for  any  group  of 
such  roads,  or  for  all  such  roads  acting  in 
common,  to  provide  for  the  generation  and 
distribution  of  power  to  predetermined  points 
of  consumption  along  the  rights-of-way  of 
railroads.     The  details  of  the  methods  by 
which  this  is  to  be  accomplished  constitute 
elements  which  will  affect  efficiency  in  in- 
stallation and  in  the  subsequent  operation 
of  the  plant  installed. 

6.  It  is  technically  feasible  for  each  in- 
dividual road  in  Chicago,  for  any  group  of 
such  roads,  or  for  all  such  roads  acting  in 
common,  to  secure,  through  purchase,  the 
energy  they  require,  delivered  at  predeter- 
mined   points    of    consumption    along    the 
rights-of-way. 

7.  Electrification    implies    the    establish- 
ment of  some  form  of  contact  system  along 
each  line  of  railroad  track,  whereby  energy 
may  be  delivered  to  the  rolling  equipment. 
A  study  of  track  and  operating  conditions 
in  the  terminals  reveals  the  following  facts: 

a.  A  limited  mileage  of  track  in  Chicago 
(from  one  to  two  per  cent  of  the  total) 
cannot  be  equipped  with  any  system  of 
contact  which  could  be  accepted  as  satis- 
factory  for   the    terminals    as    a    whole. 
The    electrification   of   this   trackage   is, 
therefore,  assumed  to  be  not  technically 
feasible. 

b.  While  the  third  rail  system  of  contact 
might   be   extensively   used   in   Chicago, 
there  are,  at  intervals  throughout  a  con- 
siderable portion  of  the  total  trackage, 
conditions    which    would    make    difficult 
the  use  of  this  form  of  contact. 

c.  Any  form  of  overhead  contact  which 
can  be  placed  high  enough  to  permit  men 
to  ride  and  perform  their  necessary  duties 
on  the  tops  of  cars  is  not  objectionable 
from    a    technical    point    of    view.     The 
application  of  any  form  of  overhead  con- 
tact system  to  the  terminals  of  Chicago 
will,    however,    necessitate    the    lowering 
of  the  contact  wire  in  many  places  in 
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order  that  it  may  pass  under  structures 
presenting  less  than  the  required  clear- 
ance. In  such  locations  provision  will 
need  to  be  made  for  the  protection  of 
trainmen,  either  through  the  agency  of 
effective  warning  devices  or  the  enforce- 
ment of  rigid  regulations  relating  to 
specific  districts  or  localities. 

8.  The  adoption  of  an  overhead  contact 
system  will  permit  the  use  either  of  the  so- 
called    high    voltage    direct    current    or    of 
alternating  current  at  much  higher  voltage. 
The  purposes  of  electrification  can   doubt- 
less be  accomplished  through  the  adoption 
of  either  of  these  means. 

9.  The  use  of  direct  current  by  the  rail- 
roads of  Chicago  would  involve  careful  design 
and  construction  to  avoid  the  introduction 
of  difficulties  arising  from  electrolytic  ac- 
tion.    While  the  questions  of  standards  to 
be  observed  in  this  respect  are  as  yet  un- 
determined,  it  is  believed  that  difficulties 
arising  from  this  source  are  not  such  as  to 
affect  the  feasibility  of  any  general  plan  of 
electrification  which  may  involve  the  use  of 
direct  current. 


10.  The  use  of  alternating  current  by  the 
railroads  of  Chicago  would  involve  careful 
design  and  construction  to  avoid  inductive 
interferences   with    existing    telephone    and 
telegraph  circuits.     While  the  means  to  be 
employed    in    preventing    and    overcoming 
such  disturbances  are  not  yet  standardized, 
it    is    believed   that   the    difficulties   to   be 
experienced  from  this  source  are  not  such 
as  to  affect  the  practicability  of  any  general 
scheme  of  electrification  involving  the  use 
of  alternating  current. 

11.  The  general  conclusion  of  the  Com- 
mittee regarding  the  technical  feasibility  of 
the    complete    electrification    of    Chicago's 
railroad  terminals  is  to  the  effect  that  the 
execution  of  such  an  undertaking  by  the 
adoption  of  any  known  plan  of  electrification 
for  use  by  all  the  different  services  of  the 
city  will  introduce  conditions  which  have 
not  been  covered  by  existing  practice,  but 
that,  from  an  engineering  point  of  view,  none 
of  these  is  to  be  regarded  as  insurmounta- 
ble. The  complete  electrification  of  Chicago's 
railroad   terminals  is,   therefore,   to  be  re- 
garded as  technically  feasible. 


209.     THE    EXTENT  OF   THE   PLAN    UNDERLYING    ESTIMATES   OF  THE 
COST  OF   ELECTRIFYING   CHICAGO'S   RAILROAD  TERMINALS 


SYNOPSIS:  The  plan  presented  by  the  Committee  provides  for  the  electric  equipment  and 
operation  of  all  railroad  tracks  within  the  city  of  Chicago.  In  the  case  of  several  railroads,  elec- 
trification is  extended  beyond  the  city  limits.  This  chapter  sets  forth  the  more  important  con- 
siderations which  have  governed  the  Committee  in  fixing  the  limits  of  electric  operation.  The 
discussion  is  followed  by  a  concise  definition  by  roads  of  the  extent  of  trackage  involved  by  the  plan, 
and  by  maps  showing  its  location.  The  facts  presented  relate  to  the  terminals  and  facilities  of 
the  railroads  as  they  existed  during  the  Committee's  statistical  year,  1912. 


FACTORS     CONSIDERED    IN    FIXING     THE 
LIMITS    OF    ELECTRIFICATION 

209.01  The   Need  of  Defined   Limits:    Any 

estimate  of  the  cost  of  equipping  the  railroad 
terminals  of  Chicago  for  electric  operation,  and 
of  the  expense  of  operation  subsequent  thereto, 
depends  upon  the  extent  of  the  plan  of  electrifi- 
cation. For  reasons  which  will  hereafter  become 
apparent,  the  areas  defined  as  Zones  A  and  B, 
which  have  served  in  the  Committee's  study  of 
smoke  and  atmospheric  pollution  (chapters  104  to 
113),  cannot  be  employed  to  advantage  in  defining 
the  limits  of  electrification  and  no  use  is  made  of 
them  in  this  connection.  Instead  of  attempting 
to  establish  a  zone  of  electrification,  the  extent 
of  trackage  to  be  dealt  with  has  been  fixed  for 
each  railroad.  Points  have  been  selected  for  the 
outer  termini  of  electric  operation  with  reference 
to  certain  general  considerations  inherent  in  the 
problem.  The  more  important  of  these  consid- 
erations are  set  forth  in  the  sections  which  follow. 

209.02  Complete    Electrification    within    the 
City:   It  was  early  determined,  as  a  principle  to 
be  recognized  in  fixing  limits,  that  the  plan  of 
electrification   should   include   all  tracks  within 
the  corporate  limits  of  the  city  of  Chicago.     The 
fact  is  not  overlooked,  however,  that  if  electrifica- 
tion is  resorted  to  as  a  means  in  smoke  abatement, 
there  are  portions  of  the  city  in  which  its  effect 
would  be  negligible.     For  example,  the  amount  of 
smoke  discharged  by  locomotives  operating  in  the 
vicinity  of  South  Chicago  is  of  little  consequence 
when  compared  with  the  enormous  volumes  of 
smoke  discharged  from  the  industrial  fires  in  that 


vicinity.  Again,  there  are  stretches  of  territory 
within  the  corporate  limits  of  the  city  which  are 
at  present  unoccupied  and  from  which  objections 
to  locomotive  smoke  are  no  more  likely  to  arise 
than  from  rural  portions  of  the  state.  In  dealing 
with  these  and  kindred  facts,  the  Committee  has 
interpreted  its  responsibility  broadly.  Its  prob- 
lem is  a  problem  of  the  city  of  Chicago.  The 
jurisdiction  of  the  City  Council  extends  over  the 
entire  territory  of  the  city.  In  the  event  that 
electrification  is  required  by  action  of  the  City 
Council,  it  would  either  initially  or  ultimately 
apply  to  all  trackage  within  the  city.  An  or- 
dinance requiring  electrification  in  portions  of  the 
city  only  would,  if  effective,  probably  be  supple- 
mented by  other  ordinances  extending  the  require- 
ment. Progress  under  an  initial  ordinance  would 
in  itself  be  construed  as  an  argument  favorable  to 
an  extension  of  the  original  limits,  and  in  time  the 
cost  to  the  railroads  would  be  that  of  equipping 
all  tracks  within  the  city  limits.  It  has  seemed 
proper,  therefore,  to  accept  complete  electrifica- 
tion within  the  city  limits  of  Chicago  as  an  initial 
principle  to  be  recognized  in  making  up  estimates 
of  cost. 

209.03  Extension  of  Complete  Electrification 
beyond  the  City  Limits:  Assuming  the  electric 
operation  of  a  railroad  between  its  city  terminus 
and  the  outer  limits  of  the  city  to  be  necessary, 
the  precise  point  at  which  electric  operation 
should  terminate  still  remains  to  be  fixed.  It 
cannot  be  assumed  that  the  boundary  of  the  city 
is  in  all  cases  a  strategic  point  to  be  observed  for 
such  a  purpose.  A  railroad  having  important 
suburban  passenger  service  originating  beyond  the 
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city  limits,  if  required  to  electrify  to  the  city  limits, 
might  for  the  greater  convenience  of  its  patrons 
be  justified  in  continuing  its  scheme  of  electrifica- 
tion to  some  more  distant  point.  Again,  a  rail- 
road operating  a  small  amount  of  trackage  within 
the  city  might  be  justified,  from  an  operating  point 
of  view,  in  increasing  the  length  of  its  electrically 
operated  section  even  though  the  added  work 
might  lie  beyond  the  limits  of  the  city. 

Complete  electrification  within  the  city  pre- 
supposes the  removal  to  some  point  outside  the 
city  of  all  steam  locomotive  terminals,  with  their 
accessory  facilities,  such  as  coaling  stations,  water 
tanks  and  cinder  pits,  which  are  now  maintained 
within  the  city.  The  facilities  to  be  established 
outside  the  city  for  the  care  of  steam  locomo- 
tives, and  the  tracks  necessary  to  accommodate 
trains  while  the  motive  power  is  being  changed 
from  steam  to  electric  or  from  electric  to  steam, 
all  involve  the  building  of  a  considerable  establish- 
ment. In  the  case  of  certain  railroads,  it  has 
seemed  impracticable  to  obtain  space  at  the  city 
limits  in  which  to  develop  these  necessary  trans- 
fer facilities  and,  as  a  consequence,  a  more  distant 
point  has  been  accepted.  The  fact  should  be 
emphasized  that  extensions  beyond  the  limits  of 
the  city,  which  are  justified  from  these  and  similar 
considerations,  are  necessary,  and  their  cost  con- 
stitutes a  legitimate  charge  to  be  included  in  the 
cost  of  equipment  for  electric  terminal  operation. 
It  will  be  understood  that  complete  electrifica- 
tion, as  the  term  is  herein  used,  implies  the  equip- 
ment of  tracks  of  all  kinds  for  electric  operation 
and  the  exclusion  of  steam  operation.  The  outer 
limits  of  complete  electrification  have,  therefore, 
been  fixed  substantially  upon  the  basis  of  the 
following  considerations : 

1.  In  the  case  of  each  railroad,  it  has  been 
sought  to  terminate  complete  electrification  at  the 
first  satisfactory  point  beyond  the  limits  of  the 
city. 

2.  In  the  case  of  railroads  having  large  yards, 
repair  shops  or  other  facilities  outside  of  the 
city  and  within  a  short  distance  therefrom,  the  lo- 
cation of  such  facilities  has  been  accepted  as  a 
reasonable  terminus  for 'complete  electrification. 

3.  In  the  case  of  railroads  presenting  no  feature 
which  might  suggest  a  choice  of  location,  a  point 
has  been  selected,   as  near  the  city  limits  as 
practicable,   which   gives   promise  of   supplying 
land  upon  which  to  develop  the  necessary  "ter- 
minal and  transfer  facilities. 


209.04  Partial  Electrification:    In  the  case  of 
several  roads,  it  has  seemed  desirable  to  provide 
for  partial  electrification  beyond  the  point  where 
complete  electrification  terminates,  in  order  that, 

1.  The  establishment  of  transfer  facilities  may 
be  permitted  at  a  preferred  point  notwithstanding 
the  fact  that  the  point  selected  may  be  somewhat 
remote  from  the  city;  or, 

2.  Satisfactory   provision  may  be  made  for 
important  suburban  passenger  service. 

Electrification  in  such  cases  is  confined  to  main 
line  tracks  and  to  such  other  connected  tracks 
as  are  normally  involved  in  the  operation  of  the 
main  lines.  No  connecting  yards  are  included. 
The  purpose  of  partial  electrification  in  these 
cases  is  to  provide  facilities  which  will  handle 
traffic  electrically  from  the  boundary  of  the  city 
to  a  satisfactory  point  of  disposal.  It  is  assumed 
that  steam  operated  switching  and  transfer  move- 
ments will  be  conducted  over  all  such  electrically 
equipped  tracks.  Sidings,  other  than  passing 
sidings,  and  yards  connected  with  these  tracks 
will  be  steam  operated. 

Roads  having  heavy  suburban  business  originat- 
ing outside  of  the  limits  of  the  city  would  be 
placed  at  a  disadvantage  in  the  conduct  of  such 
business  if  required  to  stop  each  suburban  train 
in  its  movement  to  and  from  the  city  for  the  pur- 
pose of  changing  from  steam  to  electric  power  or 
from  electric  to  steam  power.  In  a  few  cases, 
therefore,  where  the  traffic  has  been  considered 
sufficient  to  justify  it,  the  estimates  provide  for 
electrically  operated  multiple-unit  service  beyond 
the  point  of  complete  electrification.  In  all  such 
cases,  partial  electrification  implies  the  equip- 
ment only  of  tracks  used  for  suburban  service, 
and  the  movement  over  these  tracks  of  electrically 
operated  multiple-unit  trains  to  some  point  at 
which  a  considerable  number  of  trains  normally 
terminate  their  runs. 

209.05  Provisions  for  Multiple-Unit  Service: 
It  is  assumed  that  all  passenger  service  which  is 
conducted  wholly  within  the  limits  of  electrification 
is  to  be  performed  by  multiple-unit  equipment, 
and  provision   for  the   care  of  such  equipment 
is  to   be  made  accordingly.     It  is  not   contem- 
plated  that  multiple-unit  equipment  will  ordi- 
narily be  used  in  any  other  service.      Passenger 
service  which  extends  beyond  the  limits  of  electri- 
fication is  to  be  performed  by  electric  locomotives 
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when  inside  the  limits  and  by  steam  locomotives 
when  outside.  Under  this  principle,  multiple- 
unit  service  is  not  reserved  for  conditions  of  con- 
gested traffic.  It  is  assumed  that  roads  having 
a  light  passenger  business,  if  it  lies  wholly  with- 
in the  limits  of  electrification,  will  perform  this 
service  by  the  use  of  multiple-unit  equipment. 

In  working  but  details  under  this  general  plan, 
multiple-unit  equipment  will  be  used  by  the  follow- 
ing roads,  within  the  limits  defined  : 

Suburban  service  be- 
tween the  Madison  Street 
Terminal  and  Waukegan  ; 

Chicago  &  North  between   the    Madison 

Western  Railway    Street  Terminal  and  Des- 

plaines;  and  between  the 

Madison  Street  Terminal 

and  Elmhurst. 

ForaU  passenger  service. 

_     ,.  Suburban  service  between 

Chicago,  Burlington        the   Union   Station   and 

&  Qumcy  Railroad     Downers  Grove. 

.-,,.  r>     ,   T  ,     j      Suburban  service  between 

Chicago,  Rock  Island      theLaSalle  Street  Station 
&  Pacific  Railway    and  Blue  Island 

Suburban  service  between 
the  Randolph  Street  Sta- 

TIV     •   /->          i  T>   -i      j  tion   and   Matteson,  in- 
Illino,s  Central  Railroad  duding    algo  the   s'QUth 

Chicago  and  Blue  Island 
Branches. 

Suburban  service  between 
the  La  Salle  Street  Station 

Lake  Shore  &  Michigan  and  Gary,  including  also 
Southern  Railway       the    "loop"    service  via 
Indiana  Harbor  and  Gib- 
son. 


^sburgh,Ft,Wayne 
&  Chicago  Railway  of  electrification. 

209.06  Limits  as  Affected  by  Operating  Con- 
ditions :  Certain  railroads  operate  trains  into  Chi- 
cago terminals  over  the  tracks  of  other  companies. 
Some  of  these  have  no  trackage  of  their  own  in 
the  city,  though  their  locomotives,  trains  and 
train  crews  handle  traffic  within  the  city.  The 
fact  is  recognized  that,  should  electrification  be 
required,  such  roads  might  effect  arrangements 
under  which  their  trains  could  be  handled  within 
the  city  limits  by  companies  now  affording  them 
track  facilities,  and  by  so  doing  it  would  be  pos- 
sible for  them  to  avoid  the  necessity  of  entering 
upon  any  scheme  of  electrification.  In  dealing 
with  this  aspect  of  the  question,  estimates  are 
based  upon  the  operating  conditions  which  pre- 


vailed during  the  Committee's  statistical  year, 
1912.  It  is  assumed  that  a  road  which,  during 
that  year,  was  operating  trains  into  a  Chicago 
terminal  under  a  trackage  agreement  with  another 
road,  will  provide  for  a  continuance  of  such 
operation  even  though  it  be  required  to  do  so 
electrically.  In  the  case  of  such  roads,  therefore, 
the  estimates  provide  for  the  cost  of  the  electric 
locomotives  necessary  to  secure  the  movement  of 
their  trains  within  the  city,  and  the  cost  of  such 
transfer  and  terminal  facilities  outside  the  city 
as  will  be  required  for  changing  from  steam  to 
electric  motive  power. 

209.07  Industrial   Tracks:  The  trackage  in- 
cluded in  the  plan  of  electrification  embraces  not 
only  the  tracks  of  railroad  companies  but  also  a 
considerable  mileage  of  standard  gage  industrial 
tracks  not  owned  by  railroad  companies.     This  is 
classified  as  "adjacent  industrial  track  privately 
owned."     Difficulty    has    been    experienced    in 
obtaining  plans  or  other  information  necessary 
to  an  accurate  determination  of  the  amount  of 
track  owned  by  certain  industries,  and  in  such 
cases  the  amount  has  been  estimated.     There  are 
some  tracks  which  are  so  located  and  operated  as 
to  make  electrification  by  any  form  of  contact 
system  difficult  and  perhaps  impracticable.    The 
extent  of  tracks  coming  under  this  classification 
is  relatively  small  and  the  amount  is  not  included 
in  the  track  to  be  electrified  (section  209.10). 

209.08  Factors    Governing   the    Location   of 
Transfer  and  Shop  Facilities:    The  location   of 
terminal  facilities  and  the  selection  of  points  at 
which  steam  and  electric  locomotives  and  multiple- 
unit  cars  are  to  be  inspected  and  repaired,  neces- 
sarily predetermine  certain  movements  incident  to 
the  subsequent  operation  of  the  road  possessing 
them.     The  selection  of  a  location  for  any  such 
facility  is  therefore  a  matter  of  far-reaching  im- 
portance.    Some  of  the  factors  to  be  considered  in 
making  a  selection  are  sufficiently  general  in  their 
application  to  be  accepted   as  principle*  which 
apply  to  conditions  prevaih'ng  upon  all  roads,  while 
others  are  in  the  nature  of  expediencies  and,  as 
such,  are  peculiar  to  an  individual  road.     In  recog- 
nition of  these  facts,  careful  and  painstaking  at- 
tention has  been  given  in  locating  all  such  facili- 
ties and  the  general  principles  have,  so  far  as  they 
are  known,  been  applied.     It  is  not  to  be  assumed, 
however,    that    action   has  been   based   upon   a 
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perfect  knowledge  of  a  problem  which  relates  to 
a  prospective  practice,  and  which,  in  the  case  of 
many  roads,  is  as  yet  unstudied  by  those  who  must 
ultimately  be  responsible  for  its  correct  solution. 
It  is  believed  that  the  general  scheme  with  refer- 
ence to  the  location  of  such  facilities,  as  denned 
by  the  descriptive  sections  which  follow,  will  be 
found  practicable  and  that  as  a  basis  for  an  esti- 
mate of  cost  it  will  not  prove  misleading. 

In  dealing  with  existing  terminal  and  shop 
facilities,  it  has  been  assumed  that  all  terminal 
facilities  for  the  care  of  steam  locomotives  within 
the  city  are  to  be  removed;  that  such  facilities 
outside  the  city,  even  though  located  on  lines 
which  are  to  be  electrified,  are  to  be  retained; 
and  that  existing  repair  shops  within  the  city  for 
the  care  of  steam  locomotives  are  generally  to  be 
retained  and  rearranged  for  use  in  repairing 
electric  equipment. 

209.09  General  Considerations:  In  dealing 
with  the  various  questions  which  have  arisen  in 
the  process  of  determining  the  limits  to  be  ob- 
served in  the  development  of  electric  operation, 
an  effort  has  been  made  to  secure  a  just  balance 
between  two  conflicting  points  of  view.  On  the 


one  hand,  the  committee  has  carefully  guarded 
against  the  danger  of  overloading  the  estimates 
through  the  adoption  of  a  plan  more  extensive 
than  necessary.  On  the  other  hand,  care  has 
been  taken  to  make  the  plan  sufficiently  compre- 
hensive to  render  the  estimates  which  are  based 
thereon  of  fullest  practical  value  in  setting  forth 
the  cost  incident  to  equipping  and  operating 
electrically  the  railroad  terminals  of  Chicago. 

209.10  Trackage  and  Terminal  Facilities :  Ap- 
plication of  the  principles  set  forth  in  the  pre- 
ceding sections  has  resulted  in  a  plan  providing 
for  the  electrification  of  existing  trackage  as 
follows: 


Route  embraced  by  complete  electrification 
Route  embraced  by  partial  electrification   . 

Total  route 

Main  track 

Other  track 

Adjacent  industrial  track,  privately  owned 

Total  electrically  equipped  track    . 


MII.I  - 
450.20 
M5.00 

'.475-59 

1,733-83 

229.72 


565-20 


3,439-«4 


The  trackage  accredited  to  each  of  the  several 
roads  within  the  limits  of  electrification  as  defined 
is  shown  by  table  CCXLVIII. 


TABLE  CCXLVIII. 


TRACKAGE  TO  BE  ELECTRIFIED  ON  BACH  RAILROAD  IN  THE  CHICAGO  TERMINALS 
(Basil  of  ion) 


MM! 

Mile*  of 
Main  Track 

Mile,  of 
Other  Track 

Adjacent 
Industrial 
Track 
Privately 
Owned 

i 

* 

» 

4 

Atchison,  Topeka  &  Santa  Fe  Ry  

n 

32 
06 

.92 
.55 
.23 

62.98 
25.79 

5.90 
0.18 
M  -'i 
3.16 
19.18 

JS    .VI 

258.71 
162.53 
M  "4 
19.87 
2.39 
1.66 
118.98 
136.82 
0.95 
,._•  00 
0.59 
2.36 
2.86 
104.46 
M  M 
163.89 
7.24 
0.60 

I  :    H 
0 
27.42 
9.70 
68.74 
81.48 
8.62 
50.16 

6.06 
1.13 
8.53 

Baltimore  &  Ohio  R.  R  

Baltimore  &  Ohio  Chicago  Terminal  R.  R  

Calumet,  Hammond  &  Southeastern  R.  R  

Chesapeake  &  Ohio  Ry.  of  Indiana  

Chicago  &  Alton  R.  R  

20 

.07 

2.61 
17.86 
1.18 
0.29 
9.83 
16.00 
17.  SB 
0.04 

Chicago  &  Calumet  River  R.  R  

Chicago  A  Eastern  Illinois  R.  R  :  

2 
5 
263 
141 
81 
0 
9 
3 
44 
106 
5 
76 

.30 
.41 
.64 
.39 
.54 
.68 
.39 
.98 
.59 
.83 
.54 
.88 

Chicago  &  Erie  R.  R  

Chicago  <t  North  Western  Ry  

Chicago  &  Western  Indiana  R.  R.  and  the  Belt  Ry.  of  Chicago.  .    . 

Chicago,  Burlington  &  Quincy  R.  R  

Chicago  Great  Western  R.  R  

Chicago,  Indiana  &  Southern  R.  R  

Chicago,  Indianapolis  4  Louisville  Rv   

Chicago  Junction  Ry  

34.90 
17.19 
3.89 

Chicago,  Milwaukee  A  St.  Paul  Ry  

Chicago  River  &  Indiana  R.  R  

Chicago,  Rock  Island  &  Pacific  Ry  

Chicago  Short  Line  Ry  

4.71 
0.15 
15.02 
2.71 
6.07 
4.18 
9.29 

Chicago  Utuon  Transfer  Ry  

5 

.61 

Chicago,  West  Pullman  &  Southern  R.  R  

Elgin,  Joliet  A  Eastern  Ry  

6 

21 
168 
4 
22 
98 
22 

30 

.07 
.64 
.94 
.36 
.77 
.86 
.96 
0 
.64 

Grand  Trunk  Western  Ry  

Illinois  Central  R.  R  

Illinois  Northern  Ry  

Indiana  Harbor  Belt  R.  R  

Lake  Shore  &  Michigan  Southern  Ry  

0.99 
1.37 
0 

Michigan  Central  R.  R  

Minneapolis,  St.  Paul  <fe  Sault  Ste.  Marie  Ry 

New  York,  Chicago  &  St.  Louis  R.  R  

Pere  Marquette  R.  R  

Pittsburgh,  Cincinnati,  Chicago  &  St.  Louis  Hy    . 

62 
113 
6 
20 

.05 
.96 
.97 
.82 

5.36 
13.31 
30.01 
0.60 

Pittsburgh,  Fort  Wayne  &  Chicago  Ry  

Wabash  R.  R  

Totals  

1.476 

.69 

1.733.83 

229.72 

Total  Mile*  of 

Track  to  be 

i  IwMefJb* 

Equipped 


87.95 

59.47 

114.41 

5.90 

0.18 

58.92 

21.02 

22.66 

34.24 

532.18 

318.92 

185.14 

20.59 

11.78 

5.64 

198.47 

MO  M 

10.38 

138.88 

5.30 

8.12 

17.88 

113.24 

64.36 

337.01 

Jll    KM 

23.37 
163.45 

68.22 
0 

58.06 

9.70 

136.14 

208.76 

45.60 

71.48 

3.439.14 
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The  provisions  of  the  plan  for  electrification 
of  the  Chicago  railroad  terminals  involve  the 
establishment  of  new  facilities  and  changes  in 
existing  facilities  as  follows: 

Transfer  yards  to  be  established 30 

Establishments  to  be  provided  for  the  care  of  electric 
equipment 50 

New  establishments  to  be  provided  for  the  care  of 
steam  equipment 35 

Existing  establishments  for  the  care  of  steam  equip- 
ment to  be  enlarged 5 

Establishments  for  the  care  of  steam  equipment  to 
be  abandoned  or  removed  to  new  locations  .  .  39 

The  extent  of  the  plan  providing  for  electric 
operation  over  existing  trackage  is  shown  by  the 
accompanying  map,  fig.  543. 

EXTENT  OF  THE  PLAN   OF    ELECTRIFICA- 
TION, BY  RAILROADS 

209.11  Limits  of  Electrification  Defined  for 
Each  Railroad:  The  extent  of  the  plan  of  elec- 
trification of  the  Chicago  railroad  terminals  upon 
which  estimates  of  cost  are  based,  as  defined  for 
each  road,  is  presented  in  the  following  para- 
graphs. 

Atchison,   Topeka  &  Santa  Fe  Railway 
(1912) 

Estimates  provide  for  electric  operation  of 
trunk  line  passenger  service  over  the  tracks  of  the 
Chicago  &  Western  Indiana  Railroad  from  Dear- 
born Station  to  Chicago  &  Western  Indiana  Junc- 
tion (2oth  and  Grove  streets),  1.3  miles;  thence  for 
all  services  over  company  tracks  to  a  point  near 
McCook,  111.,  13.4  miles  from  Dearborn  Station. 
A  transfer  yard  and  facilities  for  the  care  of  steam 
and  electric  locomotives  are  to  be  established  a 
short  distance  west  of  McCook.  Within'  the 
limits  defined,  all  tracks,  including  those  in  the 
Corwith  Yard,  are  to  be  equipped  for  electric 
operation. 

The  use  of  existing  facilities  for  the  care  of 
steam  locomotives  within  the  city,  particularly 
at  the  1 8th  Street  Yard  and  at  the  Corwith  Yard, 
is  to  be  discontinued,  and  any  machinery  which 
is  available  for  removal  is  to  be  transferred  to 
McCook. 

The  foregoing  provisions  involve  existing  track- 
age of  the  Atchison,  Topeka  &  Santa  Fe  Railway, 
as  follows: 


Mil. I    - 
12     II) 
o  on 


28.92 

52.98 
6.05 


12     10 


Route  embraced  by  complete  electri  I 
Route  embraced  by  partial  electrification 

Total  route 

Main  track 

Other  track 

Adjacent  industrial  track,  privately  owned 

Total  electrically  equipped  track       .      .  87 . 95 

This  statement  does  not  include  the  trackage 
of  the  proposed  transfer  yard  to  be  established 
at  McCook  (section  213.095). 

The  extent  of  the  plan  providing  for  electric 
operation  over  existing  trackage  of  the  Atchison, 
Topeka  &  Santa  Fe  Railway  is  shown  by  the 
accompanying  map,  fig.  544. 

Baltimore  &  Ohio  Railroad 

(1912) 

Estimates  provide  for  electric  operation  of 
trunk  line  service  over  the  tracks  of  the  Baltimore 
&  Ohio  Chicago  Terminal  Railroad  from  Grand 
Central  Station  to  Baltimore  &  Ohio  Junction, 
1 1. a  miles;  thence  over  the  tracks  of  the  Baltimore 
&  Ohio  Connecting  Railroad  (Baltimore  &  Ohio) 
to  Brainerd  Junction,  2.1  miles;  thence  over  the 
tracks  of  the  Chicago,  Rock  Island  &  Pacific 
Railway  to  Rock  Island  Junction;  thence  over 
Baltimore  &  Ohio  Railroad  tracks  to  Pine  Junc- 
tion, Ind.,  29.3  miles  from  Grand  Central  Station; 
and  also  for  electric  operation  of  passenger  service 
from  Brookdale  (?oth  Street  and  Dorchester 
Avenue)  to  Rock  Island  Junction,  4.1  miles. 
For  all  Baltimore  &  Ohio  Railroad  tracks  within 
the  city,  complete  electrification  is  to  be  pro- 
vided, while  for  tracks  from  the  city  limits  to 
Pine  Junction  main  line  electrification  only  is 
contemplated.  A  transfer  yard  and  facilities  for 
the  care  of  steam  and  electric  locomotives  are  to 
be  established  a  short  distance  east  of  Pine  Junc- 
tion, Ind. 

The  use  of  existing  facilities  for  the  care  of 
steam  locomotives  at  the  South  Chicago  yard  is 
to  be  discontinued,  and  any  machinery  which  is 
available  for  removal  is  to  be  transferred  to  the 
proposed  transfer  yard  to  be  established  at  Pine 
Junction. 

The  foregoing  provisions  involve  existing  track- 
age of  the  Baltimore  &  Ohio  Railroad  to  the 
extent  shown  in  the  following : 
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THE   OlIQkOO  AstOCIATION  OT  CoMMCBCt 

COMMITTEE  or  INVESTIGATION  ON  SMOKE  ABATEMENT 

AND   ELECTRiriOTION    OT  RtlLWAV    TERMINALS 


LIAITS   OF 
ELECTRIC   OPERATION 


EXPLANATION 
Complete  Electric  Operation 
Aain  Line 


TRACKAGE  TO  BE  ELECTRIFIED  IN  THE  CHICAGO  RAILROAD  TERMINALS 
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Tnc  GIICAOO  /UWCUTION  or  COMMUCC 
COMMITTEE  or  INVESTIGATION  ON  SMOKE 

fUD   ClECTRiriCATION    Of   RAILWAY   TtBMINAL* 
Ollic. 


A.T.&S.FRY. 

Seal* 


EXPLANATION 
Complete  Electric  Operation 
Main  Line     "  --  - 

Mileage  shown  from  Dearborn  Station 


At  Prospect 

DCS  Hai 


FIG.  544.    TRACKAGE  TO  BE  ELECTRIFIED  BY  THE  ATCHISON   TOPEKA  & 

SANTA  FE  RAILWAY 
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MILES 

Route  embraced  by  complete  electrification  8. 10 

Route  embraced  by  partial  electrification        .         8 . 20 

Total  route 1630 

Main  track      .      .      . 32-55 

Other  track 25-79 

Adjacent  industrial  track,  privately  owned     .  1.13 

Total  electrically  equipped  track  ...  59-47 

This  statement  does  not  include  the  trackage 
of  the  proposed  transfer  yard  to  be  established  at 
Pine  Junction  (section  213.095). 

The  extent  of  the  plan  providing  for  electric 
operation  over  existing  trackage  of  the  Baltimore 
&  Ohio  Railroad  is  shown  by  the  accompanying 
map,  fig.  545. 

Baltimore  &  Ohio  Chicago  Terminal  Railroad 
(1912) 

Estimates  provide  for  electric  operation  from 
the  Grand  Central  Station  to  Forest  Park,  111.,  10.9 
miles;  from  Western  Avenue  Junction  to  a  point 
near  Barr,  111.,  16.9  miles;  and  for  the  operated  por- 
tion of  the  branch  from  48th  Avenue  and  Taylor 
Street  to  i6th  Street  and  Harlem  Avenue,  1.9 
miles.  Estimates  provide  also  for  main  line 
electrification  for  the  operation  of  Wabash  and 
Pennsylvania  trains  from  Chicago  &  Western 
Indiana  Junction  near  the  Illinois-Indiana  State 
Line  east  to  Pine  Junction,  Ind.,  6.1  miles,  the 
Baltimore  &  Ohio  Chicago  Terminal  Railroad  to 
maintain  steam  operation  over  this  section.  A 
transfer  yard  and  facilities  for  the  care  of  steam  and 
electric  equipment  are  to  be  established  at  Barr. 

The  use  of  existing  facilities  for  the  care  of 
steam  locomotives  within  the  city  is  to  be  dis- 
continued and  any  machinery  which  is  available 
for  removal  is  to  be  transferred  to  Barr.  At  the 
Robey  Street  Yard,  facilities  are  to  be  provided 
for  the  care  of  electric  locomotives.  Existing 
facilities  for  the  care  of  steam  locomotives  at  the 
East  Chicago  Yard  are  to  be  retained. 

The  foregoing  provisions  involve  existing  track- 
age of  the  Baltimore  &  Ohio  Chicago  Terminal 
Railroad  as  follows : 


Route  embraced  by  complete  electrification 
Route  embraced  by  partial  electrification 

Total  route 

Main  track 

Other  track 

Adjacent  industrial  track,,  privately  owned 

Total  electrically  equipped  track   . 


MILES 

29.40 

6.10 

66.23 

39.65 

8.53 


This  statement  does  not  include  the  trackage 
of  the  proposed  transfer  yard  to  be  established 
at  Barr  (section  213.095). 

The  extent  of  the  plan  providing  for  electric 
operation  over  existing  trackage  of  the  Baltimore  & 
Ohio- Chicago  Terminal  Railroad  is  shown  by  the 
accompanying  map,  fig.  546. 

Calumet,  Hammond  &  Southeastern  Railroad 
(1912} 

The  tracks  of  this  railroad  lie  wholly  within 
the  city  limits  of  Chicago.  Estimates  provide  for 
its  complete  electrification. 

The  use  of  existing  facilities  for  the  care  of 
steam  locomotives  is  to  be  discontinued  and 
facilities  for  the  care  of  electric  equipment  are  to 
be  provided. 

The  foregoing  provisions  involve  existing  track- 
age of  the  Calumet,  Hammond  &  Southeastern 
Railroad  as  follows: 


MILES 
0.00 

, ,  ,  „ , 


35-50 


114.41 


Route  embraced  by  complete  electrification 
Route  embraced  by  partial  electrification 

Total  route o.oo 

Main  track o.oo 

Other  track 5 . 90 

Adjacent  industrial  track,  privately  owned     .  o.oo 

Total  electrically  equipped  track  ...  5 . 90 

The  extent  of  the  plan  providing  for  electric 
operation  over  existing  trackage  of  the  Calumet, 
Hammond  &  Southeastern  Railroad  is  shown  by 
the  accompanying  map,  fig.  547. 

Chesapeake  6f  Ohio  Railway  of  Indiana 
(1912) 

Estimates  provide  for  electric  operation  of 
trunk  line  service  over  the  tracks  of  the  Chicago  & 
Western  Indiana  Railroad  from  Dearborn  Station 
to  the  Illinois-Indiana  State  Line,  19.8  miles; 
thence  over  the  tracks  of  the  Chicago  &  Erie 
Railroad  to  HY  Tower,  22.5  miles  from  Dearborn 
Station,  this  point  marking  the  beginning  of  the 
tracks  of  the  Chesapeake  &  Ohio  Railway  of 
Indiana. 

The  Chesapeake  &  Ohio  Railway  of  Indiana  is 
to  use  facilities  for  the  care  of  electric  equipment 
to  be  provided  by  the  Chicago  &  Western  Indiana 
Railroad  at  its  sist  Street  Yard.  At  the  HY 
Tower  Yard  the  present  facilities  for  the  care  of 
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T..r    (  niCAOO  A"OCUIK)M  OT  COHHCWI 

CoMMirrct  or  INVUTKUTION  ON  SMOKE 
AND  EitcTBirtcvnoM  or  RAILWAY  TERMINALS 

Oil  ft  01  Ch*r  C^nMT        Oamgt.   MM 


B.&O.R.R. 


EXPLANATION 
Complete  Electric  Operation 
Main  Line     "  •  •  • 

Mileage  shown  from    Grand  Central  Sta 


25 


FIG.  545.    TRACKAGE  TO  BE  ELECTRIFIED  BY  THE  BALTIMORE  &  OHIO  RAILROAD 
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Tne  CHICAGO  ASSOCIATION  or  COMMCBCZ 
COMMITTEE  or  INVESTIGATION  ON  SMOKE 
/IND  EiECTRiriCATioN  or  RAILWAY  TEBMINALS 

Off**  of  Chitf  tnfnter        Chicago.    191* 


B.&O.C.T.R.R 

Scale 


EXPLANATION 
Kli-rtrio  Operatic 

Mileage  shown  from  Grand  Central  Sta 


Complete  Electric  Operation 
Main  Lino     " 


FIG.  546.  TRACKAGE  TO  BE  ELECTRIFIED  BY  THE  BALTIMORE  &  OHIO  CHICAGO 

TERMINAL  RAILROAD 
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COMMITTEE  or  |NVBCTK»TION  ON  SMOKE  ABATEMENT 

AND  CLECTRiriCATION    Of   RAILWAY   TERMINALS 


EXPLANATION 
Complete  Electric  Operation 
Main  Line     " 


FIG.  547.    TRACKAGE  TO  BE  ELECTRIFIED  BY  THE  CALUMET.  HAMMOND  & 
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Tnt  CflicAoo  ASSOCIATION  or  COMMERCE 
COMMITTEE  or  INVESTIGATION  ON  SMOKE  ABATEMENT 

AND   ElECTEiriCATION    OT  RAILWAY    TERMINALS 
Ollxt   61  Ch.«f  Cancer        Cfeugp.    1914 


C.&A.R.R. 


EXPLANATION 
Complete  Electric  Operation 
Main  Line     "  ••• 

Mileage  shown  from    Union  Station 


C  A 


FIG.  548.    TRACKAGE  TO  BE  ELECTRIFIED  BY  THE  CHICAGO  &  ALTON  RAILROAD 
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steam  locomotives  are  to  be  enlarged  and  facilities 
for  the  care  of  electric  equipment  are  to  be  added. 
A  transfer  yard  is  also  to  be  established  at  this 
point. 

The  foregoing  provisions  involve  existing  track- 
age of  the  Chesapeake  &  Ohio  Railway  of  Indiana 
as  follows: 


Route  embraced  by  complete  electrification    . 
Route  embraced  by  partial  electrification 

Total  route 

Main  track 

Other  track 

Adjacent  industrial  track,  privately  owned     . 

Total  electrically  equipped  track  . 


MILES 
O.OO 
O.OO 

O.OO 
O.I8 
O.OO 


0.00 


0.18 


This  statement  does  not  include  the  trackage 
of  the  proposed  transfer  yard  to  be  established  at 
HY  Tower  (section  213.095). 

Chicago  &  Alton  Railroad 
(1912) 

Estimates  provide  for  electric  operation  of 
trunk  line  service  over  tracks  owned  jointly  by 
the  Chicago  &  Alton  Railroad  and  the  Pittsburgh, 
Ft.  Wayne  &  Chicago  Railway  from  the  Union 
Station  to  Fort  Wayne  Junction,  1.8  miles;  thence 
over  company  tracks  to  Glenn,  111.,  10.0  miles 
from  the  Union  Station.  A  transfer  yard  and 
limited  facilities  for  the  care  of  electric  equipment 
are  to  be  established  at  Glenn. 

The  use  of  existing  facilities  for  the  care  of 
steam  locomotives  at  the  Brighton  Park  Yard  is 
to  be  discontinued  and  any  machinery  which  is 
available  for  removal  is  to  be  transferred  to  Glenn. 
At  Brighton  Park  and  Glenn,  facilities  for  the 
care  of  electric  locomotives  are  to  be  provided. 

The  foregoing  provisions  involve  existing  track- 
age of  the  Chicago  &  Alton  Railroad  as  follows : 


Route  embraced  by  complete  electrification 
Route  embraced  by  partial  electrification 


Total  route 

Main  track 

Other  track 

Adjacent  industrial  track,  privately  owned 

Total  electrically  equipped  track  . 


MILES 

10. oo 

o.oo 


20.07 

36.24 

2.61 


10.00 


58-92 


This  statement  does  not  include  the  trackage 
of  the  proposed  facilities  to  be  established  at 
Glenn  (section  213.095). 


The  extent  of  the  plan  providing  for  electric 
operation  over  existing  trackage  of  the  Chicago  & 
Alton  Railroad  is  shown  by  the  accompanying 
map,  fig.  548. 

Chicago  &  Calumet  River  Railroad 
(1912) 

The  tracks  of  this  railroad  lie  wholly  within 
the  city  limits  of  Chicago.  Estimates  provide  for 
its  complete  electrification. 

The  use  of  existing  facilities  for  the  care  of 
steam  locomotives  is  to  be  discontinued,  and 
facilities  for  the  care  of  electric  equipment  are  to 
be  provided. 

The  foregoing  provisions  involve  existing  track- 
age of  the  Chicago  &  Calumet  River  Railroad  as 
follows : 


Route  embraced  by  complete  electrification 
Route  embraced  by  partial  electrification 


Total  route 

Main  track 

Other  track 

Adjacent  industrial  track,  privately  owned 

Total  electrically  equipped  track  . 


MILES 
O.OO 
O.OO 


O.OO 

3.16 
17.86 


O.OO 


The  extent  of  the  plan  providing  for  electric 
operation  over  existing  trackage  of  the  Chicago  & 
Calumet  River  Railroad  is  shown  by  the  accom- 
panying map,  fig.  549. 

Chicago  &  Eastern  Illinois  Railroad 
(1912) 

Estimates  provide  for  electric  operation  of 
trunk  line  service  over  the  tracks  of  the  Chicago, 
Rock  Island  &  Pacific  Railway  from  the  La  Salle 
Street  Station  to  Auburn  Park,  8.6  miles;  thence 
over  tracks  of  the  Chicago  &  Western  Indiana 
Railroad  to  a  point  near  Dolton  Junction,  16.9 
miles  from  the  La  Salle  Street  Station ;  thence  over 
company  tracks  to  Yard  Center,  18.3  miles  from 
the  La  Salle  Street  Station.  Sidings  within  the  city 
owned  by  this  company  are  to  be  electrified. 
From  the  limits  of  the  Chicago  &  Western  Indiana 
Railroad  tracks  at  Dolton  Junction  to  Yard 
Center,  main  tracks  only  are  to  be  electrified.  A 
transfer  yard  and  facilities  for  the  care  of  steam 
and  electric  locomotives  are  to  be  provided  at 
Yard  Center. 
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The  Chicago  &  Eastern  Illinois  Railroad  is 
to  use  facilities  for  the  care  of  electric  equip- 
ment which  are  to  be  provided  by  the  Chicago 
&  Western  Indiana  Railroad  at  its  sist  Street 
Yard. 

The  foregoing  provisions  involve  existing  track- 
age of  the  Chicago  &  Eastern  Illinois  Railroad 
as  follows: 


Route  embraced  by  complete  electrification 
Route  embraced  by  partial  electrification 

Total  route 


MILES 
o.oo 

2.70 


2.70 


Route  embraced  by  complete  electrification   •. 
Route  embraced  by  partial  electrification 


Total  route •'• 

Main  track ;     • 

Other  track 

Adjacent  industrial  track,  privately  owned 


MILES 

o.oo 

I  30 


2.30 

19.18 

1.18 


Total  electrically  equipped  track    .     .     . 

This  statement  does  not  include  the  trackage 
of  the  proposed  transfer  yard  to  be  established  at 
Yard  Center  (section  213.095). 

The  extent  of  the  plan  providing  for  electric 
operation  over  existing  trackage  of  the  Chicago 
&  Eastern  Illinois  Railroad  is  shown  by  the  accom- 
panying map,  fig.  550. 

Chicago  &  Erie  Railroad 
(1912) 

Estimates  provide  for  electric  operation  of 
trunk  line  service  over  the  tracks  of  the  Chicago 
&  Western  Indiana  Railroad  from  Dearborn 
Station  to  the  Illinois-Indiana  State  Line,  19.8 
miles;  thence  over  company  tracks  to  Hammond, 
Ind.,  20.8  miles  from  Dearborn  Station.  From 
the  Illinois-Indiana  State  Line  to  Hammond, 
main  tracks  only  are  to  be  electrified.  From 
Hammond  to  HY  Tower,  22.5  miles  from  Dear- 
born Station,  the  main  tracks  of  the  Chicago  & 
Erie  Railroad  are  to  be  electrified  for  the  opera- 
tion of  trains  of  the  Chesapeake  &  Ohio  Railway 
of  Indiana.  A  transfer  yard  and  facilities  for  the 
care  of  steam  and  electric  locomotives  are  to  be 
established  at  Hammond. 

The  Chicago  &  Erie  Railroad  is  to  use  facilities 
for  the  care  of  electric  equipment  to  be  provided 
by  the  Chicago  &  Western  Indiana  Railroad  at 
its  sist  Street  Yard. 

The  foregoing  provisions  involve  existing 
trackage  of  the  Chicago  &  Erie  Railroad  as 
follows: 


Main  track •      •     5-41 

Other  track 28-54 

Adjacent  industrial  track,  privately  owned   .      .     0.29 

Total  electrically  equipped  track       ...  34  24 

This  statement  does  not  include  the  trackage 
of  the  proposed  transfer  yard  to  be  established  at 
Hammond  (section  213.095). 

The  extent  of  the  plan  providing  for  electric 
operation  over  existing  trackage  of  the  Chicago  & 
Erie  Railroad  is  shown  by  the  accompanying 
map,  fig.  551. 

Chicago  &  Illinois  Western  Railroad 

(1912) 

This  road  lies  entirely  outside  the  city  limits 
of  Chicago.  Estimates  do  not  provide  for  the 
electrification  of  any  of  its  tracks.  It  is  assumed 
that  under  electrification  a  few  trains  which  it 
now  operates  within  the  city  will  be  handled  by 
one  of  its  connecting  roads. 

Chicago  &  North  Western  Railway 

(1912} 

Estimates  provide  for  complete  electric  opera- 
tion of  trunk  line  and  suburban  service  from 
the  Madison  Street  Terminal  to  Waukegan.  111., 
36.2  miles;  from  the  Passenger  Terminal  to 
Desplaines,  111.,  16.7  miles;  from  4Oth  Avenue  to 
Canal  Junction,  Evanston,  13.6  miles;  from  River 
Junction  to  Niles  Center,  3.3  miles;  from  the 
Passenger  Terminal  to  Oak  Park,  111.,  8.6  miles, 
with  main  line  electrification  beyond  to  Elmhurst, 
111.,  15.9  miles  from  the  Terminal.  Estimates  also 
provide  for  complete  electric  operation  of  the 
Rockwell  Street  and  the  i6th  Street  lines,  4.5 
miles.  A  transfer  yard  and  facilities  for  the  care 
of  electric  locomotives  and  multiple-unit  trains 
are  to  be  established  at  Waukegan  and  the  present 
facilities  at  this  point  for  the  care  of  steam  loco- 
motives are  to  be  enlarged.  A  transfer  yard  and 
facilities  for  the  care  of  steam  and  electric  loco- 
motives are  to  be  established  a  short  distance 
west  of  Park  Ridge  and  also  at  a  point  a  short 
distance  south  of  Niles  Center.  Facilities  are  to 
be  provided  at  Proviso  for  the  care  of  electric 
locomotives  and  the  present  facilities  at  this  point 
for  the  care  of  steam  locomotives  are  to  be 
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FIG.  549.    TRACKAGE  TO  BE  ELECTRIFIED  BY  THE  CHICAGO  &  CALUMET  RIVER  RAILROAD 
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enlarged.  Tracks  for  the  care  of  multiple-unit 
trains  are  to  be  provided  at  Elmhurst. 

The  use  of  existing  facilities  for  the  care  of 
steam  locomotives  at  the  Wood  Street  Yard,  at 
the  4oth  Avenue  Yard,  at  the  Chicago  Avenue 
Yard,  and  at  Weber  is  to  be  discontinued,  and 
any  machinery  which  is  available  for  removal  is 
to  be  transferred  to  the  proposed  transfer  yards 
to  be  established  at  Waukegan,  Park  Ridge,  Niles 
Center  and  Proviso.  The  4oth  Avenue  shops  are 
to  be  retained  and  such  facilities  added  as  may 
be  required  for  the  care  of  electric  equipment. 
At  the  Chicago  Avenue  Yard,  and  at  the  4oth  Av- 
enue Yard  facilities  for  the  inspection  and  repair 
of  multiple-unit  equipment  are  to  be  installed. 

The  foregoing  provisions  involve  existing  track- 
age of  the  Chicago  &  North  Western  Railway  as 
follows : 

MILES 

Route  embraced  by  complete  electrification      .  84 . 40 

Route  embraced  by  partial  electrification    .      .  7 . 30 

Total  route 91.70 

Main  track 263.64 

Other  track 258.71 

Adjacent  industrial  track,  privately  owned       .  9 . 83 

Total  electrically  equipped  track     .      .      .  532 . 1 8 

This  statement  does  not  include  the  trackage 
of  the  proposed  transfer  yards  to  be  established 
at  Waukegan,  Park  Ridge,  Niles  Center  and  Pro- 
viso (section  213.095). 

The  extent  of  the  plan  providing  for  electric 
operation  over  existing  trackage  of  the  Chicago  & 
North  Western  Railway  is  shown  by  the  accom- 
panying map.  fig.  552. 

Chicago  &  Western  Indiana  Railroad  and  the 

Belt  Railway  of  Chicago 

(1912} 

Estimates  provide  for  complete  electric  equip- 
ment of  all  tracks  of  these  companies,  including 
those  leased  or  used  by  tenant  lines.  The  routes 
of  the  Chicago  &  Western  Indiana  Railroad  extend 
from  Dearborn  Station  to  Auburn  Junction, 
8.0  miles;  from  Pullman  Junction  to  the  Illinois- 
Indiana  State  Line,  7. 6  miles;  and  from  Hammond 
Junction  to  Dolton  Junction,  7.5  miles.  The 
routes  of  the  Belt  Railway  of  Chicago  extend  from 
Auburn  Junction  to  Cragin,  111.,  15.9  miles;  from 
Pullman  Junction  to  South  Chicago,  2.7  miles; 
and  from  Rock  Island  Junction  to  South  Deering, 
2.7  miles.  The  tracks  which  occupy  the  route 


from  Auburn  Junction  to  Pullman  Junction,  4.2 
miles,  are  jointly  operated.  It  is  provided  that 
all  passenger  service  operated  by  the  Chicago  & 
Western  Indiana  Railroad  is  to  be  performed  by 
multiple-unit  equipment.  No  transfer  yards  are 
to  be  provided. 

The  statistics  of  traffic  and  operation  of  these 
companies  have  been  reported  to  the  Committee 
jointly  and  not  segregated  for  the  two  roads. 
There  has  therefore  been  no  segregation  in  the 
estimates  of  cost. 

The  use  of  existing  facilities  for  the  care  of 
steam  locomotives  at  the  83d  Street  Yard  and 
at  the  5ist  Street  Yard  is  to  be  discontinued  and 
complete  facilities  for  the  care  of  electric  equip- 
ment are  to  be  provided. 

The  foregoing  provisions  involve  existing  track- 
age of  the  Chicago  &  Western  Indiana  Railroad 
and  the  Belt  Railway  of  Chicago  as  follows: 


MILES 
48.60 
O.OO 


Route  embraced  by  complete  electrification 
Route  embraced  by  partial  electrification 

Total  route 48.60 

Main  track 141.39 

Other  track 162.53 

Adjacent  industrial  track,  privately  owned   .         15.00 

Total  electrically  equipped  track       .  318.92 

The  extent  of  the  plan  providing  for  electric 
operation  over  existing  trackage  of  the  Chicago  & 
Western  Indiana  Railroad  and  the  Belt  Railway 
of  Chicago  is  shown  by  the  accompanying  map, 
fig-  553- 

Chicago,  Burlington  &  Quincy  Railroad 
(1912) 

Estimates  provide  for  electric  operation  of 
trunk  line  service  and  of  multiple-unit  service 
over  tracks  owned  jointly  by  the  Chicago  &  Alton 
Railroad  and  the  Pittsburgh,  Fort  Wayne  & 
Chicago  Railway,  from  the  Union  Station  to  i6th 
and  Canal  streets,  1.4  miles;  thence  over  com- 
pany tracks  to  Hawthorne,  111.,  6.8  miles  from 
Union  Station.  From  Hawthorne  to  Downers 
Grove,  111.,  21.3  miles  from  Union  Station,  elec- 
trification of  tracks  is  to  be  provided  for  the  opera- 
tion of  multiple-unit  trains.  Complete  electrifica- 
tion is  to  be  provided  for  all  tracks  in  the 
''Lumber  District."  A  transfer  yard  and  facil- 
ities for  the  care  of  steam  locomotives  are  to  be 
established  at  the  Hawthorne  Yard. 
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The  use  of  existing  facilities  for  the  care  of 
steam  locomotives  at  the  1 2th  Street  Yard  and 
at  the  Western  Avenue  Yard  is  to  be  discontinued 
and  provision  is  to  be  made  at  the  Western 
Avenue  Yard  for  the  care  of  electric  equipment. 
Machinery  now  used  for  the  care  of  steam  loco- 
motives at  the  Western  Avenue  Yard,  if  available 
for  removal,  is  to  be  transferred  to  the  proposed 
transfer  yard  at  Hawthorne. 

The  foregoing  provisions  involve  existing  track- 
age of  the  Chicago,  Burlington  &  Quincy  Railroad 
as  follows: 

MILES 

Route  embraced  by  complete  electrification    .         5-4° 
Route  embraced  by  partial  electrification        .       14 -SO 

Total  route 19  9° 

Main  track 81.54 

Other  track 86.04 

Adjacent  industrial  track,  privately  owned.    .  17.56 

Total  electrically  equipped  track  ...  185.14 

This  statement  does  not  include  the  trackage 
of  the  proposed  transfer  yard  to  be  established 
at  Hawthorne  (section  213.095). 

The  extent  of  the  plan  providing  for  electric 
operation  over  existing  trackage  of  the  Chicago, 
Burlington  &  Quincy  Railroad  is  shown  by  the 
accompanying  map,  fig.  554. 

Chicago  Great  Western  Railroad 
(1912) 

Estimates  provide  for  electric  operation  of 
trunk  line  passenger  service  over  the  tracks  of 
the  Baltimore  &  Ohio  Chicago  Terminal  Rail- 
road from  Grand  Central  Station  to  Forest 
Park,  111.,  1 0.6  miles.  Transfer  tracks  are  to  be 
established  at  Forest  Park.  The  48th  Avenue 
Yard,  comprising  all  the  trackage  owned  by  this 
company  within  the  city  limits  of  Chicago,  is  to 
be  completely  electrified.  Facilities  for  the  care 
of  steam  locomotives  are  to  be  established  at 
Bell  wood,  111.,  13.2  miles  from  Grand  Central 
Station. 

The  use  of  the  existing  facilities  for  the  care  of 
steam  locomotives  at  the  48th  Avenue  Yard  is 
to  be  discontinued  and  any  machinery  which  is 
available  for  removal  is  to  be  transferred  to 
Bellwood.  Facilities  for  the  care  of  electric 
locomotives  are  to  be  established  at  the  48th 
Avenue  Yard. 

The  foregoing  provisions  involve  existing  track- 


age of  the  Chicago  Great  Western  Railroad  as 
follows: 

MILES 

Route  embraced  by  complete  electrification    .         o.oo 
Route  embraced  by  partial  electrification        .         o .  34 


Total  route 

Main  track 

Other  track 

Adjacent  industrial  track,  privately  owned 

Total  electrically  equipped  track  .     . 


0.68 

19.87 

0.04 


20.59 


This  statement  does  not  include  the  proposed 
transfer  tracks  to  be  established  at  Forest  Park 
(section  213.095). 

Chicago,  Indiana  &  Southern  Railroad 
(1912) 

Estimates  provide  for  electric  operation  of  trunk 
line  service  over  the  tracks  of  the  Lake  Shore  & 
Michigan  Southern  Railway  from  La  Salle  Street 
Station  to  Indiana  Harbor,  Ind.,  19.3  miles; 
thence  over  company  tracks  to  Osborn,  Ind., 
24.1  miles  from  the  La  Salle  Street  Station. 
From  Indiana  Harbor  to  Osborn,  4 . 8  miles,  main 
tracks  only  are  to  be  electrified,  principally  for  the 
operation  of  Lake  Shore  &  Michigan  Southern  Rail- 
way suburban  trains.  Facilities  for  the  care  of  elec- 
tric locomotives  are  to  be  provided  at  the  Gibson 
Yard,  and  those  of  the  Lake  Shore  &  Michigan 
Southern  Railway  to  be  provided  at  Englewood 
are  also  to  be  used  by  this  road. 

The  foregoing  provisions  involve  existing  track- 
age of  the  Chicago,  Indiana  &  Southern  Railroad 
as  follows: 


Route  embraced  by  complete  electrification    . 
Route  embraced  by  partial  electrification 


Total  route 

Main  track 

Other  track 

Adjacent  industrial  track,  privately  owned 

Total  electrically  equipped  track  .     . 


MILES 
o.oo 
4.80 

9-39 
2-39 
o.oo 


4.80 


11.78 


This  statement  does  not  include  any  proposed 
trackage  which  may  be  electrified  in  connection 
with  the  establishment  of  facilities  for  the  care  of 
electric  equipment  at  the  Gibson  Yard  (section 
213.095). 

The  extent  of  the  plan  providing  for  electric 
operation  over  existing  trackage  of  the  Chicago, 
Indiana  &  Southern  Railroad  is  shown  by  the 
accompanying  map,  fig.  555. 
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FIG.  553.    TRACKAGE  TO  BE  ELECTRIFIED  BY  THE  CHICAGO  &  WESTERN 
INDIANA  RAILROAD  AND  THE  BELT  RAILWAY  OF  CHICAGO 
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Chicago,   Indianapolis  fie  Louisville  Railway 
(1912) 

Estimates  provide  for  electric  operation  of 
trunk  line  service  over  the  tracks  of  the  Chicago  & 
Western  Indiana  Railroad  from  Dearborn  Station 
to  the  Illinois-Indiana  State  Line,  19.8  miles; 
thence  over  company  tracks  having  main  line 
electrification  only,  to  South  Hammond,  Ind.,  23 .3 
miles  from  Dearborn  Station.  A  transfer  yard 
and  facilities  for  the  care  of  electric  locomotives 
are  to  be  provided  at  South  Hammond,  and  the 
present  facilities  at  this  point  for  the  care  of  steam 
locomotives  are  to  be  enlarged. 

The  Chicago,  Indianapolis  &  Louisville  Railway 
is  to  use  facilities  for  the  care  of  electric  equip- 
ment which  are  to  be  provided  by  the  Chicago  & 
Western  Indiana  Railroad  at  its  sist  Street  Yard. 

The  foregoing  provisions  involve  existing  track- 
age of  the  Chicago,  Indianapolis  &  Louisville  Rail- 
way as  follows: 

MILES 
O.OO 

3.5° 


The  foregoing  provisions  involve  existing  track- 
age of  the  Chicago  Junction  Railway  as  follows: 


Route  embraced  by  complete  electrification    . 
Route  embraced  by  partial  electrification 


Total  route 

Main  track 

Other  track ' 

Adjacent  industrial  track,  privately  owned 

Total  electrically  equipped  track   .     . 


3.98 
1.66 
o.oo 


3.50 


5-64 


This  statement  does  not  include  the  trackage 
of  the  proposed  transfer  yard  to  be  established  at 
South  Hammond  (section  213.095). 

The  extent  of  the  plan  providing  for  electric 
operation  over  existing  trackage  of  the  Chicago, 
Indianapolis  &  Louisville  Railway  is  shown  by 
the  accompanying  map,  fig.  556. 

Chicago  Junction  Railway 
(1912) 

The  tracks  of  this  railroad  lie  wholly  within  the 
limits  of  Chicago.  Estimates  provide  for  its  com- 
plete electrification.  Its  main  tracks  extend  from 
a  connection  with  the  Illinois  Central  Railroad 
at  4ist  Street  westward  to  a  point  near  Western 
Avenue,  thence  northward  to  Ogden  Avenue, 
8 . 8  miles. 

The  use  of  existing  facilities  for  the  care  of 
steam  locomotives  at  the  Ashland  Avenue  Yard 
is  to  be  discontinued  and  facilities  for  the  care  of 
electric  equipment  are  to  be  provided. 


Route  embraced  by  complete  electrification 
Route  embraced  by  partial  electrification 


MILES 

11.80 

o.oo 


Total  route 1 1 . 80 

Main  track 44-59 

Other  track 118.98 

Adjacent  industrial  track,  privately  owned     .       34.90 


Total  electrically  equipped  track   . 


198.47 


The  extent  of  the  plan  providing  for  electric 
operation  over  existing  trackage -of  the  Chicago 
Junction  Railway  is  shown  by  the  accompanying 
map,  fig.  557. 

Chicago,  Milwaukee  &  St.  Paul  Railway 
(1-912) 

Estimates  provide  for  electric  operation  of 
trunk  line  service  from  the  Union  Station  over 
tracks  owned  jointly  by  the  Chicago,  Milwaukee 
&  St.  Paul  Railway  and  the  Pittsburgh,  Cincin- 
nati, Chicago  &  St.  Louis  Railway  to  Western 
Avenue,  3  .o  miles;  thence  over  company  tracks  to 
Morton  Grove,  111.,  14.8  miles  from  Union  Station; 
from  Union  Station  over  jointly  owned  tracks,  as 
above,  to  Western  Avenue;  thence  over  company 
tracks  to  Mannheim,  111.,  14.5  miles  from  Union 
Station ;  from  Union  Station  to  Wilmette,  111.,  14 .  i 
miles;  from  Chicago  and  Evanston  Junction  (Cly- 
bourn  and  Racine  avenues)  west  along  Blooming- 
dale  Avenue  to  Pacific  Junction,  3.3  miles;  and 
from  Galewood  to  Dunning,  111.,  3.0  miles. 
Transfer  yards  and  facilities  for  the  care  of  steam 
and  electric  equipment  are  to  be  established  at 
Morton  Grove  and  at  Mannheim  and  the  existing 
facilities  at  the  latter  point  for  the  care  of  steam 
locomotives  are  to  be  enlarged.  Multiple-unit 
trains  of  the  Northwestern  Elevated  Railroad 
Company  at  present  use  the  tracks  of  the  Chi- 
cago, Milwaukee  &  St.  Paul  Railway  from  Argyle 
Street  to  Wilmette;  these  tracks  are  equipped 
with  a  6oo-volt  overhead  contact  system. 

The  use  of  existing  facilities  for  the  care  of 
steam  locomotives  at  the  Western  Avenue  Yard 
and  at  the  Galewood  Yard  is  to  be  discontinued, 
and  any  machinery  at  these  points  available  for 
removal  is  to  be  transferred  to  the  proposed 
transfer  yards  at  Morton  Grove  and  Mannheim. 
Shop  facilities  at  the  Western  Avenue  Yard  are 
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to  be  retained  and  such  facilities  added  as  may  be 
required  for  the  care  of  electric  equipment. 

The  foregoing  provisions  involve  existing  track- 
age of  the  Chicago,  Milwaukee  &  St.  Paul  Railway 
as  follows : 

MILES 

Route  embraced  by  complete  electrification    .       46 . 20 

Route  embraced  by  partial  electrification       .        o.oo 

Total  route    . 


Main  track 106.83 

Other  track 136.82 

Adjacent  industrial  track,  privately  owned     .  17.19 
Total  electrically  equipped  track  . 


46.20 


260.84 


This  statement  does  not  include  the  trackage 
of  the  proposed  transfer  yards  to  be  established  at 
Morton  Grove  and  Mannheim  (section  213.095). 

The  extent  of  the  plan  providing  for  electric 
operation  over  existing  trackage  of  the  Chicago, 
Milwaukee  &  St.  Paul  Railway  is  shown  by  the 
accompanying  map,  fig.  558. 

Chicago  River  &  Indiana  Railroad 
(1912) 

The  trackage  of  this  railroad  lies  wholly  within 
the  city  limits  of  Chicago.  Estimates  provide 
for  its  complete  electrification. 

The  Chicago  River  &  Indiana  Railroad  is  to 
use  facilities  for  the  care  of  electric  equipment 
which  are  to  be  provided  by  the  Chicago  Junc- 
tion Railway  at  its  Ashland  Avenue  Yard. 

The  foregoing  provisions  involve  existing  track- 
age of  the  Chicago  River  &  Indiana  Railroad  as 
follows: 

MILES 

Route  embraced  by  complete  electrification    . 
Route  embraced  by  partial  electrification 

Total  route    .     ; 

Main  track 

Other  track 

Adjacent  industrial  track,  privately  owned     . 

Total  electrically  equipped  track  ...  10.38 

The  extent  of  the  plan  providing  for  electric 
operation  over  existing  trackage  of  the  Chicago 
River  &  Indiana  Railroad  is  shown  by  the  accom- 
panying map,  fig.  559. 

Chicago,  Rock  Island  &  Pacific  Railway 
(1912) 

Estimates  provide  for  electric  operation  of 
trunk  line  and  multiple-unit  service  from  La  Salle 
Street  Station  to  Blue  Island,  111.,  15.9  miles; 


I.  10 
O.OO 

5-54 
o-95 
3-89 


I.IO 


from  Gresham  to  Blue  Island  (Suburban  Line), 
6.5  miles;  and  from  Gresham  Junction  to  South 
Chicago,  5 . 8  miles.  Transfer  tracks  and  facilities 
for  the  care  of  electric  locomotives  and  multiple- 
unit  cars  are  to  be  established  at  the  Burr  Oak 
Yard,  near  Blue  Island,  and  the  present  facilities 
at  this  point  for  the  care  of  steam  equipment  are 
to  be  enlarged. 

The  use  of  existing  facilities  for  the  care  of 
steam  locomotives  at  the  47th  Street  Yard  is  to 
be  discontinued  and  any  machinery  at  this  point 
available  for  removal  is  to  be  transferred  to  the 
proposed  transfer  yard  at  Burr  Oak.  Facilities 
for  the  care  of  electric  locomotives  are  to  be  pro- 
vided at  the  47th  Street  Yard,  and  the  present 
shop  facilities  at  this  point  are  to  be  adapted  to 
that  purpose. 

The  foregoing  provisions  involve  existing  track- 
age of  the  Chicago,  Rock  Island  &  Pacific  Railway 
as  follows: 

MILES 

Route  embraced  by  complete  electrification      .     28.20 
Route  embraced  by  partial  electrification    .     .       1 . 70 

Total  route 29.90 

Main  track 76.88 

Other  track 62.00 

Adjacent  industrial  track,  privately  owned       .       o.oo 

Total  electrically  equipped  track     ...  138 . 88 

This  statement  does  not  include  the  proposed 
transfer  tracks  to  be  established  at  Burr  Oak 
(section  213.095). 

The  extent  of  the  plan  providing  for  electric 
operation  over  existing  trackage  of  the  Chicago, 
Rock  Island  &  Pacific  Railway  is  shown  by  the 
accompanying  map,  fig.  560. 


Chicago  Short  Line  Railway 
(1912) 

The  trackage  of  this  railroad  lies  wholly  within 
the  city  limits  of  Chicago.  Estimates  provide  for 
its  complete  electrification. 

The  use  of  existing  "facilities  for  the  care  of 
steam  locomotives  at  97th  Street  and  Avenue  N 
is  to  be  discontinued  and  facilities  for  the  care 
of  electric  equipment  are  to  be  provided  at  this 
point. 

The  foregoing  provisions  involve  existing  track- 
age of  the  Chicago  Short  Line  Railway  as  follows : 
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MILES 

Route  embraced  by  complete  electrification      .  o.oo 

Route  embraced  by  partial  electrification    .     .  o.oo 

Total  route o .  oo 

Main  track o.oo 

Other  track o .  59 

Adjacent  industrial  track,  privately  owned       .  4.71 

Total  electrically  equipped  track    ...  5 . 30 

The  extent  of  the  plan  providing  for  electric 
operation  over  existing  trackage  of  the  Chicago 
Short  Line  Railway  is  shown  by  the  accompany- 
ing map,  fig.  561. 

Chicago  Union  Transfer  Railway  * 
(1912) 

The  business  of  this  railroad  is  confined  to 
freight  traffic.  Estimates  provide  for  complete 
electrification  from  Elsdon  to  the  Chicago  city 
limits  at  6pth  Street  and  Cicero  Avenue,  3.5  miles. 
A  transfer  yard  and  facilities  for  the  care  of  elec- 
tric locomotives  are  to  be  provided  at  6gth  Street 
and  Cicero  Avenue.  The  existing  facilities  at 
the  same  point  for  the  care  of  steam  equipment 
are  to  be  retained. 

The  foregoing  provisions  involve  existing  track- 
age of  the  Chicago  Union  Transfer  Railway  as 
follows : 

MILES 

Route  embraced  by  complete  electrification      .       3 . 50 
Route  embraced  by  partial  electrification    .      .       o.oo 

Total  route 3 . 50 

Main  track 5.61 

Other  track 2.36 

Adjacent  industrial  track,  privately  owned       .  0.15 

Total  electrically  equipped  track     ...  8.12 

This  statement  does  not  include  the  trackage 
of  the  proposed  transfer  yard  to  be  established 
at  6gth  Street  and  Cicero  Avenue  (section  2 13.095). 

The  extent  of  the  plan  providing  for  electric 
operation  over  existing  trackage  of  the  Chicago 
Union  Transfer  Railway  is  shown  by  the  accom- 
panying map,  fig.  562. 

Chicago,  West  Pullman  &  Southern  Railroad 
(1912] 

The  tracks  of  this  railroad  lie  wholly  within  the 
city  limits  of  Chicago.  Estimates  provide  for  its 
complete  electrification. 

The  use  of  existing  facilities  for  the  care  of 
steam  locomotives  at  West  Pullman  and  at 


South  Deering  is  to  be  discontinued  and  facil- 
ities for  the  care  of  electric  equipment  are  to  be 
provided. 

The  foregoing  provisions  involve  existing  track- 
age of  the  Chicago,  West  Pullman  &  Southern 
Railroad  as  follows : 

MILES 

Route  embraced  by  complete  electrification      .  o.oo 

Route  embraced  by  partial  electrification    .     .  o .  oo 

Total  route "                 o.oo 

Main  track o.oo 

Other  track 2.86 

Adjacent  industrial  track,  privately  owned    ..  15.02 

Total  electrically  equipped  track     ...  17.88 

The  extent  of  the  plan  providing  for  electric 
operation  over  existing  trackage  of  the  Chicago, 
West  Pullman  &  Southern  Railroad  is  shown  by 
the  accompanying  map,  fig.  563. 

Elgin,  Joliet  &  Eastern  Railway 
(1912) 

Estimates  provide  for  electric  operation  of  all 
service  within  the  city  limits  of  Chicago.  All 
tracks  within  the  city,  including  those  at  the 
South  Works  of  the  Illinois  Steel  Company, 
those  from  the  South  Works  to  the  eastern  city 
limits,  those  at  the  North  Works  of  the  Illinois 
Steel  Company,  those  at  the  Bridgeport  Yard 
and  those  at  the  South  Chicago  Yard,  are  to  be 
completely  electrified.  Transfer  tracks  are  to 
be  established  at  a  point  near  the  intersection  of 
the  lines  of  this  railroad  with  the  eastern  city 
limits. 

The  use  of  existing  facilities  for  the  care  of 
steam  locomotives  at  86th  Street  and  Buffalo 
Avenue,  at  the  South  Chicago  Yard  and  at  the 
North  Works  Yard  is  to  be  discontinued  and 
facilities  for  the  care  of  electric  equipment  are 
to  be  provided  at  these  points. 

The  foregoing  provisions  involve  existing  track- 
age of  the  Elgin,  Joliet  &  Eastern  Railway  as 
follows : 


MILES 

2.80 

0.00 


Route  embraced  by  complete  electrification. 
Route  embraced  by  partial  electrification 

Total  route    ......... 

Main  track      ..........  6.07 

Other  track     ..........  104.46 

Adjacent  industrial  track,  privately  owned     .  2.71 

Total  electrically  equipped  track.       .      . 


2.80 


*  The  Chicago  Union  Transfer  Railway  was  acquired  by  the  Belt  Railway 
of  Chicago  during  the  Committee's  statistical  year,  1912. 


This  statement  does  not  include  the  proposed 
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transfer  tracks  to  be  established  at  a  point  near 
the  eastern  city  limits  (section  213.095). 

The  extent  of  the  plan  providing  for  electric 
operation  over  existing  trackage  of  the  Elgin, 
Joliet  &  Eastern  Railway  is  shown  by  the  accom- 
panying map,  fig.  564. 

Grand  Trunk  Western  Railway 
(1912) 

Estimates  provide  for  electric  operation  of 
trunk  line  service  over  the  tracks  of  the  Chicago 
&  Western  Indiana  Railroad  from  Dearborn 
Station  to  Chicago  &  Western  Indiana  Junction 
(49th  and  Butler  streets),  4.9  miles;  thence  over 
company  tracks  to  a  point  near  Evergreen  Park, 
111.,  15.3  miles  from  Dearborn  Station.  Within  the 
above  limits  all  tracks  are  to  be  electrified.  A 
transfer  yard  and  facilities  for  the  care  of  steam 
and  electric  equipment  are  to  be  provided  at  a 
point  a  short  distance  south  of  Evergreen  Park. 

The  use  of  existing  facilities  for  the  care  of 
steam  locomotives  at  the  Elsdon  Yard  is  to  be 
discontinued  and  any  machinery  available  for 
removal  is  to  be  transferred  to  the  proposed 
transfer  yard  at  Evergreen  Park. 

The  foregoing  provisions  involve  existing  track- 
age of  the  Grand  Trunk  Western  Railway  as 
follows : 

MILES 

Route  embraced  by  complete  electrification    .      10.40 
Route  embraced  by  partial  electrification        .       o .  oo 

Total  route 10.40 

Main  track 21.64 

Other  track 36.65 

Adjacent  industrial  track,  privately  owned     .  6 . 07 

Total  electrically  equipped  track         .      .  64 . 36 

This  statement  does  not  include  the  trackage 
of  the  proposed  transfer  yard  to  be  established 
at  Evergreen  Park  (section  213.095). 

The  extent  of  the  plan  providing  for  electric 
operation  over  existing  trackage  of  the  Grand 
Trunk  Western  Railway  is  shown  by  the  accom- 
panying map,  fig.  565. 

Illinois  Central  Railroad 
(1912) 

Estimates  provide  for  electric  operation  of  all 
service  from  Randolph  Street  to  Central  Station, 
1.4  miles;  from  Central  Station  to  Harvey,  111.,  18.6 
miles  (all  tracks  within  these  limits  except  sidings 
at  Riverdale  and  Harvey  to  be  electrified),  thence, 


with  main  line  electrification  for  the  operation  of 
multiple-unit  service  only,  to  Matteson,  111.,  28.8 
miles  from  Central  Station ;  and  electric  operation 
of  the  South  Chicago  Branch  from  Brookdale  to 
South  Chicago,  4.7  miles.  The  estimates  also 
provide  for  electric  operation  of  the  Blue  Island 
Branch,  4.1  miles;  and  for  electric  operation  from 
Central  Station  to  Hawthorne,  111.  (except  for 
yard  tracks  at  Hawthorne),  7.9  miles.  Transfer 
yards  and  facilities  for  the  care  of  steam  and 
electric  equipment  are  to  be  provided  at  Haw- 
thorne and  Harvey. 

The  use  of  existing  facilities  for  the  care  of 
steam  locomotives,  principally  at  2  7th  Street 
and  at  Burnside,  is  to  be  discontinued  and  any 
machinery  which  is  available  for  removal  is  to 
be  transferred  to  the  proposed  transfer  yards  at 
Hawthorne  and  at  Harvey.  At  Burnside  the 
present  shop  facilities  for  the  care  of  existing 
equipment  are  to  be  retained  and  additions  are 
to  be  made  for  the  care  of  electric  locomotives 
and  multiple-unit  equipment. 

The  foregoing  provisions  involve  existing  track- 
age of  the  Illinois  Central  Railroad  as  shown  in 
the  following: 


Route  embraced  by  complete  electrification 
Route  embraced  by  partial  electrification 

Total  route 

Main  track 

Other  track 

Adjacent  industrial  track,  privately  owned 

Total  electrically  equipped  track 


MILES 

33-5 
13-7 

168.94 

163.89 

4.18 


47  2 


337-01 


The  above  statement  does  not  include  the 
trackage  of  the  proposed  transfer  yards  to  be 
established  at  Hawthorne  and  at  Harvey  (section 
213-095)- 

The  extent  of  the  plan  providing  for  electric 
operation  over  existing  trackage  of  the  Illinois 
Central  Railroad  is  shown  by  the  accompanying 
map,  fig.  566. 

Illinois  Northern  Railway 

(1912) 

The  tracks  of  this  railroad  lie  wholly  within 
the  city  limits  of  Chicago.  Estimates  provide 
for  its  complete  electrification. 

The  use  of  existing  facilities  for  the  care  of 
steam  locomotives  at  McCormick  (a6th  Street 
and  Western  Avenue)  is  to  be  discontinued  and 
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facilities  for  the  care  of  electric  locomotives  are 
to  be  provided  at  this  point. 

The  foregoing  provisions  involve  existing  track- 
age of  the  Illinois  Northern  Railway  as  follows: 


Route  embraced  by  complete  electrification 
Route  embraced  by  partial  electrification 

Total  route 

Main  track 

Other  track 

Adjacent  industrial  track,  privately  owned 


MILES 
35° 

0.00 

4.36 

7-24 
9.29 


3-50 


Total  electrically  equipped  track  ...  20 . 89 

The  extent  of  the  plan  providing  for  electric 
operation  over  existing  trackage  of  the  Illinois 
Northern  Railway  is  shown  by  the  accompanying 
map,  fig.  567. 

Indiana  Harbor  Belt  Railroad 
(1912) 

Estimates  provide  for  electric  operation  of 
freight  service  from  the  Union  Stock  Yards  to 
Chappell,  111.,  9.9  miles,  tracks  within  the  city 
to  be  completely  electrified  and  those  from  the 
city  limits  to  Chappell'  to  have  main  line  elec- 
trification onlyr 

A  transfer  yard  and  facilities  for  the  care  of 
electric  locomotives  are  to  be  established  at 
Chappell  and  the  present  facilities  at  this  point 
for  the  care  of  steam  locomotives  are  to  be 
retained. 

The  foregoing  provisions  involve  existing  track- 
age of  the  Indiana  Harbor  Belt  Railroad  as  follows : 


Route  embraced  by  complete  electrification 
Route  embraced  by  partial  electrification 

Total  route 

Main  track 

Other  track 

Adjacent  industrial  track,  privately  owned 

Total  electrically  equipped  track  . 


MILES 
5-30 
4.60 


22.77 
0.60 
o.oo 


99° 


23-37 


This  statement  does  not  include  the  trackage 
,  of  the  proposed  transfer  yard  to  be  established 
at  Chappell  (section  213.095). 

The  extent  of.  the  plan  providing  for  electric 
operation  over  existing  trackage  of  the  Indiana 
Harbor  Belt  Railroad  is  shown  by  the  accompany- 
ing map,  fig.  568. 

Lake  Shore  &  Michigan  Southern  Railway 

(1912) 
Estimates    provide    for    electric    operation    of 


trunk  line  and  multiple-unit  service  from  the 
La  Salle  Street  Station  over  company  tracks  to 
Millers,  Ind.,  30.  i  miles,  the  tracks  within  the  city 
limits  to  be  completely  electrified  and  those  from 
the  eastern  city  limits  to  Millers  to  have  main  line 
electrification  only.  A  transfer  yard  and  facilities 
for  the  care  of  steam  and  electric  equipment  in- 
cluding multiple-unit  trains  are  to  be  established 
at  Millers. 

The  use  of  existing  facilities  for  the  care  of 
steam  locomotives  at  the  Englewood  Yard  is  to 
be  discontinued  and  any  machinery  available 
for  removal  is  to  be  transferred  for  use  at  the 
proposed  yard  at  Millers.  At  Englewood  the 
present  shop  facilities  are  to  be  retained  and  ad- 
ditions are  to  be  made  to  provide  for  the  care 
of  electric  equipment.  The  Englewood  shops 
are  also  to  provide  for  repairs  to  the  electric  lo- 
comotives of  the  Chicago,  Indiana  &  Southern 
Railroad. 

The  foregoing  provisions  involve  existing  track- 
age of  the  Lake  Shore  &  Michigan  Southern  Rail- 
way as  follows: 


Route  embraced  by  complete  electrification 
Route  embraced  by  partial  electrification 

Total  route    ........ 

Main  track 

Other  track 

Adjacent  industrial  track,  privately  owned 


MILES 
I4-30 
15.80 


98.86 

63-60 

0.99 


30.10 


Total  electrically  equipped  track   ...  163.45 

This  statement  does  not  include  the  trackage 
of  the  proposed  transfer  yard  to  be  established  at 
Millers  (section  213.095). 

The  extent  of  the  plan  providing  for  electric 
operation  over  existing  trackage  of  the  Lake  Shore 
&  Michigan  Southern  Railway  is  shown  by  the 
accompanying  map,  fig.  569. 

Manufacturers'  Junction  Railway 
(1912) 

The  tracks  of  this  railroad  lie  wholly  outside 
of  the  city  limits  of  Chicago  and  no  electrification 
is  proposed.  It  is  assumed  that  traffic  which  is 
now  handled  by  the  Manufacturers'  Junction 
Railway  within  the  city  will,  under  electrification, 
be  handled  by  its  connecting  railroads.  The 
business  of  this  road  within  the  city  is  limited. 
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Michigan  Central  Railroad 
(1912) 

Estimates  provide  for  electric  operation  of 
trunk  line  service  over  the  tracks  of  the  Illinois 
Central  Railroad  from  the  South  Water  Street 
Yard  to  Kensington,  111.,  14.5  miles,  thence  over 
company  tracks  to  Gibson,  Ind.,  23.8  miles  from 
Central  Station.  All  company  tracks  within  the 
city  limits  of  Chicago,  including  the  South  Water 
Street  Yard,  are  to  be  completely  electrified  and 
those  from  the  city  limits  to  Gibson  are  to  be 
equipped  for  electric  operation  of  the  main  tracks 
only.  A  transfer  yard  and  facilities  for  the  care 
of  steam  and  electric  locomotives  are  to  be  estab- 
lished at  a  point  a  short  distance  east  of  Gibson. 

The  use  of  existing  facilities  for  the  care  of 
steam  locomotives  at  i6th  Street  and  at  the 
Kensington  Yard  is  to  be  discontinued  and  any 
machinery  available  for  removal  is  to  be  trans- 
ferred to  the  proposed  transfer  yard  at  Gibson. 
Limited  facilities  for  the  care  of  electric  locomo- 
tives are  to  be  provided  at  Kensington. 

The  foregoing  provisions  involve  existing  track- 
age of  the  Michigan  Central  Railroad  as  follows: 

MILES 

Route  embraced  by  complete  electrification    .         3 . 80 
Route  embraced  by  partial  electrification        .         7 . 60 

Total  route 11.40 

Main  track 22.96 

Other  track 43-89 

Adjacent  industrial  track,  privately  owned     .  1 . 37 

Total  electrically  equipped  track  ...  68 . 22 

This  statement  does  not  include  the  trackage 
of  the  proposed  transfer  yard  to  be  established 
at  Gibson  (section  213.095). 

The  extent  of  the  plan  providing  for  electric 
operation  over  existing  trackage  of  the  Michigan 
Central  Railroad  is  shown  by  the  accompanying 
map,  fig.  570. 

Minneapolis,  St.  Paul  &  Sault  Ste.  Marie 
Railway  (1912) 

Estimates  provide  for  electric  operation  of 
trunk  line  service  over  the  tracks  of  the  Illinois 
Central  Railroad  from  Central  Station  to  Haw- 
thorne, 111.,  8 .  o  miles,  the  transfer  and  terminal  fa- 
cilities of  the  Illinois  Central  Railroad  at  this  point 
to  be  used.  As  the  Minneapolis,  St.  Paul  &  Sault 
Ste.  Marie  Railway  owns  no  trackage  within  the 
city  limits  of  Chicago,  no  estimates  are  made  for 


electrification  of  its  tracks  but  estimates  provide 
for  its  electric  power  supply  and  rolling  equipment. 

New  York,  Chicago  &  St.  Louis  Railroad 
(1912) 

Estimates  provide  for  electric  operation  of 
trunk  line  service  over  the  tracks  of  the  Chicago, 
Rock  Island  &  Pacific  Railway  from  La  Salle 
Street  Station  to  Rock  Island  Junction  (Pullman 
Junction)  ,11.4  miles,  thence  over  company  tracks 
to  Hessville,  Ind.,  23.7  miles  from  La  Salle  Street 
Station,  and  from  Pullman  Junction  to  Grand 
Crossing,  2 . 2  miles.  The  tracks  within  the  city 
limits  of  Chicago  are  to  be  completely  electrified 
and  those  from  the  city  limits  to  Hessville  are  to 
have  main  track  electrification  only.  A  transfer 
yard  and  facilities  for  the  care  of  steam  and 
electric  locomotives  are  to  be  provided  at  a  point 
a  short  distance  east  of  Hessville. 

The  use  of  existing  facilities  for  the  care  of 
steam  locomotives  at  the  Stony  Island  Yard  is 
to  be  discontinued  and  any  machinery  which  is 
available  for  removal  is  to  be  transferred  to  the 
proposed  yard  at  Hessville.  At  the  Stony  Island 
Yard  present  shop  facilities  are  to  be  retained 
and  additions  are  to  be  made  to  provide  for  the 
care  of  electric  locomotives. 

The  foregoing  provisions  involve  existing  track- 
age of  the  New  York,  Chicago  &  St.  Louis  Railroad 
as  follows: 

MILES 

Route  embraced  by  complete  electrification    .  8.0 

Route  embraced  by  partial  electrification        .  5.7 

Total  route 13.7 

Main  track 30-64 

Other  track 27.42 

Adjacent  industrial  track,  privately  owned     .  o.oo 

Total  electrically  equipped  track  ...  58 . 06 

This  statement  does  not  include  the  trackage 
of  the  proposed  transfer  yard  to  be  established 
at  Hessville  (section  213.095). 

The  extent  of  the  plan  providing  for  electric 
operation  over  existing  trackage  of  the  New  York, 
Chicago  &  St.  Louis  Railroad  is  shown  by  the 
accompanying  map,  fig.  571. 

Pere  Marquette  Railroad  (1912) 

Estimates  provide  for  electric  operation  of  trunk 
line  passenger  service  over  the  tracks  of  the  Bal- 
timore &  Ohio  Chicago  Terminal  Railroad  from 
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Grand  Central  Station  to  Ft.  Wayne  Junction, 
i.i  miles,  thence  over  tracks  of  the  Pittsburgh, 
Ft.  Wayne  &  Chicago  Railway  to  Clarke  Junc- 
tion, Ind.,  22.1  miles  from  Grand  Central  Sta- 
tion, and  for  electric  operation  of  freight  service 
over  the  tracks  of  the  Baltimore  &  Ohio  Chicago 
Terminal  Railroad  from  Chicago  to  Barr,  Ind., 
20.3  miles.  Transfer  yards  and  facilities  for  the 
care  of  steam  and  electric  locomotives  are  to  be 
established  at  Clarke  Junction  and  at  Barr. 

The  use  of  the  existing  facilities  for  the  care 
of  steam  locomotives  at  the  Tracy  Yard  and  at 
the  Empire  Slip  Yard  of  the  Baltimore  &  Ohio 
Chicago  Terminal  Railroad  is  to  be  discontin- 
ued and  any  machinery  which  is  available  for  re- 
moval is  to  be  transferred  to  the  proposed  yards 
at  Barr  and  at  Clarke  Junction. 

The  foregoing  provisions  involve  existing  track- 
age of  the  Pere  Marquette  Railroad  as  follows: 


Route  embraced  by  complete  electrification 
Route  embraced  by  partial  electrification 


Total  route 

Main  track 

Other  track 

Adjacent  industrial  track,  privately  owned 


MILES 

o.oo 

0.00 


0.00 

9.70 
o.oo 


0.00 


9.70 


Total  electrically  equipped  track  . 

This  statement  does  not  include  the  trackage 
of  the  proposed  transfer  yards  to  be  established 
at  Barr  and  Clarke  Junction  (section  213.095). 

Pittsburgh,  Cincinnati,  Chicago  &  St.  Louis 
Railway  (1912) 

Estimates  provide  for  electric  operation  of 
trunk  line  service  over  tracks  owned  jointly  by 
the  Pittsburgh,  Cincinnati,  Chicago  &  St.  Louis 
Railway  and  the  Chicago,  Milwaukee  &  St. 
Paul  Railway  from  the  Union  Station  to  Western 
Avenue,  3.0  miles;  thence  over  company  tracks 
to  Bernice,  111.,  26.9  miles  from  Union  Station. 
The  Englewood  Connecting  Railway  is  to  be 
completely  electrified.  A  transfer  yard  and  facil- 
ities for  the  care  of  steam  and  electric  locomotives 
are  to  be  established  at  a  point  a  short  distance 
east  of  Bernice.  . 

The  use  of  existing  facilities  for  the  care  of 
steam  locomotives  at  the  Curtis  Street  Yard  and 
at  the  sgth  Street  Yard  is  to  be  discontinued,  and 
any  machinery  which  is  available  for  removal  is 


to  be  transferred  for  use  at  the  proposed  yard  at 
Bernice.  Facilities  for  the  care  of  electric  locomo- 
tives are  to  be  provided  at  the  59th  Street  Yard. 
The  foregoing  provisions  involve  existing  track- 
age of  the  Pittsburgh,  Cincinnati,  Chicago  &  St. 
Louis  Railway  as  follows: 


Route  embraced  by  complete  electrification 
Route  embraced  by  partial  electrification 


Total  route 

Main  track 

Other  track 

Adjacent  industrial  track,  privately  owned 

Total  electrically  equipped  track 


MILES 

28.90 

o.oo 


62.05 

68.74 

5-35 


28.90 


136.14 


This  statement  does  not  include  the  trackage 
of  the  proposed  transfer  yard  to  be  established  at 
Bernice  (section  213.095). 

The  extent  of  the  plan  providing  for  electric 
operation  over  existing  trackage  of  the  Pittsburgh, 
Cincinnati,  Chicago  &  St.  Louis  Railway  is  shown 
by  the  accompanying  map,  fig.  572. 

Pittsburgh,  Ft.  Wayne  &  Chicago  Railway 
(1912) 

Estimates  provide  for  the  electric  operation  of 
trunk  line  service  over  tracks  owned  jointly  by 
the  Pittsburgh,  Ft.  Wayne  &  Chicago  Railway 
and  the  Chicago  &  Alton  Railroad  from  the 
Union  Station  to  Ft.  Wayne  Junction,  1.8  miles; 
thence  over  company  tracks  to  Clarke,  Ind.,  24.5 
miles  from  Union  Station.  All  tracks  within  the 
city  limits  are  to  be  completely  electrified  and 
those  from  the  city  limits  to  Clarke  are  to  have 
main  line  electrification  only.  A  transfer  yard 
and  facilities  for  the  care  of  steam  and  electric 
locomotives  are  to  be  established  at  a  point  a 
short  distance  north  of  Clarke. 

Estimates  provide  also  for  the  complete  elec- 
trification of  the  Pennsylvania  branches  from 
Bernice  to  Colehour,  9.3  miles;  from  Hegewisch 
to  River  Branch  Junction,  4.4  miles;  from  Rock 
Island  Junction  to  Hegewisch,  5.0  miles;  and 
from  Hegewisch  to  the  city  limits,  1.3  miles;  and 
for  main  line  electrification  only  from  the  city 
limits  to  Pine  Junction,  7.1  miles,  and  from  Ham- 
mond to  the  Illinois-Indiana  State  Line,  0.9  mile. 

The  use  of  existing  facilities  for  the  care  of 
steam  locomotives  at  the  i4th  Street  Yard  and 
at  the  Garfield  Boulevard  Yard  is  to  be  discon- 
tinued and  any  machinery  which  is  available  for 
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removal  is  to  be  transferred  to  the  proposed  yard 
at  Clarke.  At  the  Garfield  Boulevard  Yard  the 
present  shop  facilities  are  to  be  retained  and  addi- 
tions are  to  be  made  to  provide  for  the  care  of 
electric  equipment. 

The  foregoing  provisions  involve  existing  track- 
age of  the  Pittsburgh,  Ft.  Wayne  &  Chicago 
Railway  as  follows: 


Route  embraced  by  complete  electrification    . 
Route  embraced  by  partial  electrification 


Total  route 

Main  track 

Other  track 

Adjacent  industrial  track,  privately  owned 


MILES 

34-90 
17.60 


113.06 

81.48 
I3-3I 


52  50 


Total  electrically  equipped  track.        .      .  208.75 

This  statement  does  not  include  the  trackage  of 
the  proposed  transfer  yard  to  be  established  at 
Clarke  (section  213.095). 

The  extent  of  the  plan  providing  for  electric 
operation  over  existing  trackage  of  the  Pittsburgh, 
Ft.  Wayne  &  Chicago  Railway  is  shown  by  the 
accompanying  map,  fig.  572. 

Pullman  Railroad  (1912) 

The  tracks  of  this  railroad  lie  wholly  within 
the  city  of  Chicago.  The  estimates  provide  for 
their  complete  electrification. 

The  use  of  facilities  for  the  care  of  steam  loco- 
motives is  to  be  discontinued  and  facilities  for  the 
care  of  electric  equipment  are  to  be  provided. 

The  foregoing  provisions  involve  existing  track- 
age of  the  Pullman  Railroad  as  follows: 

MILES 

Route  embraced  by  complete  electrification    .         6 . 50 
Route  embraced  by  partial  electrification  o.oo 


Total  route 

Main  track 

Other  track 

Adjacent  industrial  track,  privately  owned 


6.97 

8.62 

30.01 


Total  electrically  equipped  track 


6.50 


45.60 


The  extent  of  the  plan  providing  for  electric  op- 
eration over  existing  trackage  of  the  Pullman  Rail- 
road is  shown  by  the  accompanying  map,  fig.  573. 


Wabash  Railroad  (1912) 
Estimates  provide  for  the  electric  operation  of 
trunk  line  service  over  the  tracks  of  the  Chicago  & 
Western  Indiana  Railroad  from  Dearborn  Station 
to  Western  Indiana  Junction,  8.0  miles;  thence 
over  company  tracks  to  Chicago  Ridge,  111.,  16.9 
miles  from  Dearborn  Station.  Electric  operation 
of  trunk  line  passenger  service  is  also  to  be  con- 
ducted over  the  tracks  of  the  Chicago  &  Western 
Indiana  Railroad  from  Dearborn  Station  to  the 
Illinois-Indiana  State  Line,  19. 8  miles;  thence  over 
tracks  of  the  Baltimore  &  Ohio  Chicago  Terminal 
Railroad  to  Clarke  Junction,  Ind.,  26.0  miles  from 
Dearborn  Station.  All  tracks  owned  by  the 
Wabash  Railroad  within  the  city  limits,  including 
those  in  the  Ullman  Street  Yard,  are  to  be  elec- 
trified .  Transfer  yards  and  facilities  for  the  care  of 
steam  and  electric  locomotives  are  to  be  established 
near  Chicago  Ridge  and  near  Clarke  Junction. 

The  use  of  existing  facilities  for  the  care  of  steam 
locomotives  at  the  Landers  Yard  and  the  sist 
Street  Yard  of  the  Chicago  &  Western  Indiana 
Railroad  is  to  be  discontinued  and  any  machinery 
available  for  removal  is  to  be  transferred  for  use  at 
the  proposed  yards  at  Chicago  Ridge  and  Clarke 
Junction.  The  Wabash  Railroad  is  to  use  facil- 
ities for  the  care  of  electric  equipment  which  are 
to  be  provided  by  the  Chicago  &  Western  Indiana 
Railroad  at  its  sist  Street  Yard. 

The  foregoing  provisions  involve  existing  track- 
age of  the  Wabash  Railroad  as  follows: 

MILES 

Route  embraced  by  complete  electrification    .         8.90 
Route  embraced  by  partial  electrification        .         o .  50 

Total  route 9.40 

Main  track 20.82 

Other  track 50.16 

Adjacent  industrial  track,  privately  owned     .  o .  50 

Total  electrically  equipped  track         .      .  7 1 . 48 

This  statement  does  not  include  the  trackage 
of  the  proposed  transfer  yards  to  be  established 
at  Chicago  Ridge  and  at  Clarke  Junction  (sec- 
tion 213.095). 

The  extent  of  the  plan  providing  for  electric  op- 
eration over  existing  trackage  of  the  Wabash  Rail- 
road is  shown  by  the  accompanying  map,  fig.  574. 


210.    SYSTEMS   SELECTED  AS  A  BASIS    FOR   ESTIMATES  OF  COST 


SYNOPSIS:  This  chapter  presents  a  discussion  of  the  factors  influencing  the  Committee's 
selection  of  electric  traction  systems  upon  which  to  base  estimates  of  cost,  and  gives  a  brief  descrip- 
tion of  each  of  the.  three  systems  selected  for  this  purpose. 


210.01  Difficulties  Attendant  upon  the  Selec- 
tion of  a  System  of  Electric  Traction:  As  yet  no 

system  of  electric  traction  has  been  developed 
which  can  be  accepted  as  standard  for  all  condi- 
tions on  all  railroads.  If  it  were  decided  to  pro- 
ceed at  once  with  the  electrification  of  the  Chicago 
terminals,  it  would  be  difficult  for  any  group  of 
men  to  choose  a  system  which  would  not  be  criti- 
cized by  other  men  as  able  as  those  upon  whom 
the  choice  of  the  system  devolved.  Arguments 
would  be  advanced  in  favor  of  each  of  the  several 
systems  available.  There  are  many  factors  affect- 
ing the  choice  of  a  system,  some  of  which  are 
based  upon  known  technical  facts  and  others  of 
which  are  the  outgrowth  of  local  conditions. 

The  system  selected  for  Chicago  must  be  suit- 
able not  only  for  passenger  terminals  and  main 
line  work  but  also  for  yard  switching  and  trans- 
fer work.  It  must  be  applicable  to  the  require- 
ments of  railroads  having  a  heavy  suburban  traffic 
and  also  to  those  of  roads  conducting  freight 
yard  and  switching  service.  It  must  not  only  be 
satisfactory  in  its  application  to  the  terminal 
portion  of  a  trunk  line  railroad,  but  it  must  lend 
itself  to  an  indefinite  extension  of  the  limits  of 
electrification  over  other  and  adjoining  portions 
of  the  road.  It  is  furthermore  essential,  because 
of  the  varied  activities  of  the  terminal,  that  the 
rolling  equipment  of  the  system  selected  shall 
be  capable  of  operating  over  the  tracks  of  all 
railroads  in  the  electrified  zone. 

In  the  development  of  the  electrification  of  the 
Chicago  terminals,  the  very  extent  of  the  work 
requires  that  the  system  of  traction  selected  shall 
possess  certain  characteristics  of  permanency. 
Obviously,  the  project  must  be  regarded  as  too 
important  to  permit  of  the  introduction  of 
methods  in  any  way  questionable,  or  of  a  type 
of  construction  of  untried  value.  Furthermore, 
it  is  not  permissible  to  consider  any  methods 
which  might  serve  to  tide  over  a  temporary 


condition  anticipating  the  later  selection  of  a 
permanent  and  stable  system.  It  cannot  be 
said  that  the  details  of  any  system  are  entirely 
predetermined,  since  electrifications  thus  far  in- 
stalled vary  greatly  not  only  in  fundamental 
characteristics  but  in  details. 

210.02  Systems  Selected  as  a  Basis  for  the 
Committee's  Estimates  of  Cost:  The  types  of 
electric  traction  systems  now  in  use  in  America 
and  in  foreign  countries  have  already  been  de- 
scribed (chapter  207).  If  electrification  were  to 
be  entered  upon,  it  would  be  necessary  to  select 
some  one  of  these  types  and  to  proceed  with  its 
installation.  But  no  one  system  will  perfectly 
meet  the  requirements  of  the  Chicago  terminals, 
and  the  art  is  constantly  developing.  The  pur- 
pose of  the  Committee  is  to  determine  the  cost 
rather  than  to  settle  details  of  construction,  and 
to  supply  a  basis  for  as  broad  a  perspective  as 
can  readily  be  secured.  In  the  accomplishment 
of  these  purposes,  estimates  of  the  cost  have  been 
prepared  separately  for  three  different  systems 
of  traction  of  recognized  merit,  as  follows: 

1.  Third  rail  contact,  direct  current  at  600 
volts. 

2.  Overhead  contact,  direct  current  at  2,400 
volts. 

3.  Overhead  contact,  single-phase  current  at 
1 1 ,000  volts. 

The  estimates  for  the  two  overhead  contact 
systems  have  been  developed  for  all  railroads 
within  the  proposed  limits  of  electrification. 
Estimates  for  the  third  rail  system  have  been 
developed  for  a  single  road,  and  the  cost  deter- 
mined in  this  manner  has  been  extended  to 
cover  the  entire  terminal. 

The  Committee's  action  in  this  matter  design- 
edly postpones  the  selection  of  the  one  system 
which  must  ultimately  be  chosen  as  best  suited 
to  the  needs  of  the  Chicago  situation,  until  the 
actual  work  of  equipping  the  terminal  becomes 
imminent. 


211.     ENERGY   REQUIREMENTS 


SYNOPSIS:  The  volume  and  flow  of  traffic  within  the  proposed  limits  of  electrification 
have  already  been  discussed  (chapter  202).  The  present  chapter  shows  the  amount  of  energy 
required  to  handle  this  traffic  electrically.  The  values  thus  obtained  underlie  estimates  of  the 
amount  of  electric  equipment  required  and  estimates  of  the  expense  which  will  be  involved  by 
the  operation  of  the  Chicago  terminals  subsequent  to  electrification. 


2 1 1. 01  Traffic  to  be  Handled  under  the  Pro- 
posed Plan  of  Electrification:  A  knowledge  of 
the  amount  of  electric  energy  which  will  be  re- 
quired to  operate  the  Chicago  railroad  terminals 
is  essential  in  the  development  of  the  plans  of 
the  power  station,  transmission  system  and  sub- 
stations, and  in  the  preparation  of  estimates  of 
their  cost.  The  determination  of  the  amount 
of  energy  required  has  been  based  upon  a 
knowledge  of  the  total  volume  of  traffic  to  be 
handled  within  the  proposed  limits  of  electrifi- 
cation. The  results  of  a  comprehensive  study 
of  the  extent  of  the  traffic  and  of  the  charac- 
ter and  frequency  of  train  movements  for  all  roads 
within  the  entire  Area  of  Investigation,  as  defined 
in  chapter  103,  are  presented  in  chapter  202. 

The  total  traffic,  as  measured  by  ton-miles, 
in  all  classes  of  service  for  the  average  day  of  the 
five  periods  for  which  reports  were  made,  is 
4 . 7  per  cent  less  than  that  for  the  average  day 
of  the  October  report  period.  Since  the  October 
report  is  the  most  accurate  and  is  the  only  one 
for  which  hourly  studies  were  made,  it  has  served 
as  the  basis  for  all  energy  determinations;  that 
is,  the  average  day  of  the  October  report  period 
has  been  accepted  as  fairly  representing  the  aver- 
age day  for  the  year.  Since  the  trackage  to  be 
electrified  under  the  proposed  plan  of  electrifica- 
tion does  not  coincide  with  the  trackage  within 
the  Area  of  Investigation  or  within  either  of  the 
two  zones  and  since  the  weight  of  the  proposed 
electric  trains  will  not  be  the  same  as  that  of  the 
present  steam  trains,  it  has  been  necessary  to 
correct  the  total  traffic  values  presented  in  chapter 
202  in  order  to  show  the  volume  of  traffic  which 
will  be  handled  within  the  limits  of  electrification 


by  the  various  railroads  involved.  In  cases  in 
which  the  proposed  limits  of  electric  operation 
for  a  road  fall  within  the  limits  of  the  Area  of 
Investigation,  the  traffic  values  were  easily  deter- 
mined from  the  statistical  record  in  which  train 
movements  are  recorded  by  route  elements,  or 
short  sections  of  track.  In  cases  in  which  the 
proposed  limits  of  electric  operation  extend  beyond 
the  limits  of  the  Area  of  Investigation,  the  extent 
of  the  traffic  beyond  the  limits  was  determined, 
for  passenger  service,  by  laying  out  train  sheets 
from  the  time-tables  and,  for  freight  service,  by 
assuming  that  all  traffic  which  passes  beyond  the 
limits  of  the  Area  of  Investigation  will  proceed 
to  the  point  which  marks  the  proposed  limits  of 
electric  operation. 

After  making  corrections  for  the  difference  be- 
tween the  track  mileage  within  the  Area  of  Investi- 
gation and  that  within  the  limits  of  electrification, 
and  for  the  difference  between  the  weight  of  the 
present  steam  equipment  and  that  of  the  proposed 
electric  equipment,  the  statistical  record  given  in 
chapter  202  was  used  as  a  basis  on  which  to  deter- 
mine the  number  of  ton-miles  of  traffic  to  be  han- 
dled hourly  during  the  average  October  day  in 
each  class  of  service.  These  determinations  were 
made  upon  the  basis  of  the  assumed  use,  first,  of 
an  overhead  contact  system  of  electrification  em- 
ploying direct  current  at  2,400  volts,  and  second, 
of  an  overhead  contact  system  of  electrification 
employing  alternating  current  at  11,000  volts. 

Methods  employed  in  determining  costs  of  a 
third  rail  system  of  electrification  are  hereinafter 
set  forth.  Diagrams  showing  the  extent  of  the 
traffic,  by  services  and  by  systems,  are  presented 
as  figs.  575  to  589,  inclusive. 
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FIG.  575.    TRAFFIC  CHART.    Hourly  Ton-Mile  Diagram  FIG.  577.    TRAFFIC  CHART.    Hourly  Ton-Mile  Diagram 

I°.r  the  Average  October  Day  for  Yard  Service,  both  A.  C.  and       for  the  Average  October  Day  for  Road  Freight  Service,  11,000- 
D.  C.  Operation.  Volt  A.  C.  Operation. 
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FIG.  576.  TRAFFIC  CHART.  Hourly  Ton-Mile  Diagram  FIG.  578.  TRAFFIC  CHART.  Hourly  Ton-Mile  Diagram 
for  the  Average  October  Day  for  Road  Freight  Service,  2,400-  for  the  Average  October  Day  for  Freight  Transfer  Service  both 
Volt  D.  C.  Operation.  A.  C.  and  D.  C.  Operation. " 
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FIG.  579.  TRAFFIC  CHART.  Hourly  Ton-Mile  Diagram  FIG.  581.  TRAFFIC  CHART.  Hourly  Ton-Mile  Diagram 
for  the  Average  October  Day  for  Passenger  Transfer  Service,  for  the  Average  October  Day  for  Through  Passenger  Service, 
both  A.  C.  and  D.  C.  Operation  11. 000- Volt  A.  C.  Operation. 
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FIG.  580.  TRAFFIC  CHART.  Hourly  Ton-Mile  Diagram  FIG.  582.  TRAFFIC  CHART.  Hourly  Ton-Mile  Diagram 
for  the  Average  October  Day  for  Through  Passenger  Service,  for  the  Average  October  Day  for  Suburban  Passenger  Service 
2,400- Volt  D.  C.  Operation.  with  Locomotives,  2,400-Volt  D.  C.  Operation. 
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FIG.  583.  TRAFFIC  CHART.  Hourly  Ton-Mile  Diagram 
for  the  Average  October  Day  for  Suburban  Passenger  Service 
with  .Locomotives,  11,000. Volt  A.  C.  Operation. 


FIG.  585.  TRAFFIC  CHART.  Hourly  Ton-Mile  Diagram 
for  the  Average  October  Day  for  Suburban  Passenger  Service 
with  Multiple-Unit  Cars,  11,000- Volt  A.  C.  Operation. 
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FIG.  584.  TRAFFIC  CHART.  Hourly  Ton-Mile  Diagram 
for  the  Average  October  Day  for  Suburban  Passenger  Service 
with  Multiple-Unit  Cars.  2,400- Volt  D.  C.  Operation. 


FIG.  586.  TRAFFIC  CHART.  Hourly  Ton-Mile  Diagram 
for  the  Average  October  Day  for  Make^-Up  and  Put-Away  Pas- 
senger Service,  2,400- Volt  D.  C.  Operation. 
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FIG.  587.  TRAFFIC  CHART.  Hourly  Ton-MHe  Diagram 
for  the  Average  October  Day  for  Make-Up  and  Put-Away  Pas- 
senger Service,  11, 000- Volt  A.  C.  Operation. 
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FIG.  589.  TRAFFIC  CHART.  Hourly  Ton-Mile  Diagram 
for  the  Average  October  Day  for  All  Classes  of  Service  Com- 
bined, 11,000- Volt  A.  C.  Operation. 

The  total  number  of  ton-miles  to  be  handled 
electrically  in  each  service  under  each  of  the  two 
electric  traction  systems  is  shown  by  table 
CCXLIX. 


TABLE    CCXLIX.      TOTAL     NUMBER     OP     TON-MILES     TO 

HANDLED  ELECTRICALLY  IN  EACH  SERVICE. 

BASED  UPON  THE  AVERAGE  DAY   OP 

THE  OCTOBER  REPORT  PERIOD 

(Suit  of  1911) 


BE 


Service 

MOO-Yoli 
D.C.  8y*tem 
Ton-Mile* 

ll.<K«)-Vt,ll 

\  C   Bntan 
Ton-Mile* 

Yard  

9  554  .'(Hi 

9  554  316 

Road  freight  

6,242,988 

6  323  517 

Freight  transfer  

8252  126 

8  252  126 

Paanenger  transfer  

375.678 

375678 

4  529  575 

4  574  025 

Suburban  passenger  with  locomotive*  
Suburban  passenger  with  multiple-unit  cars 
Make-up  and  put-away  

1.168.885 
2.844.231 

723.126 

1.187,065 
2,692,109 
790.4M 

Totals  of  all  combined  

MjMOJM 

FIG.  588.  TRAFFIC  CHART.  Hourly  Ton-Mile  Diagram 
for  the  Average  October  Day  for  All  Classes  of  Service  Com- 
bined, 2,400-Volt  D.  C.  Operation. 


A  tabulated  statement  of  the  locomotive- 
mileage  and  multiple-unit  car-mileage  for  the 
average  day  of  the  October  report  period  for 
both  the  direct  current  and  the  alternating  cur- 
rent systems  of  traction,  by  roads  and  by  classes 
of  service,  is  presented  as  table  CCL. 

A  tabulated  statement  of  the  number  of  ton- 
miles  of  traffic  to  be  handled  during  the  average 
October  day  under  the  2,400-volt  direct  current 
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system  of  traction  is  presented  by  roads  and  by 
classes  of  service  as  table  CCLI. 

21 1. 02  Method  of  Determining  Energy  Re- 
quired :  The  amount  of  energy  in  kilowatt-hours 
which  will  be  required  at  the  cars  or  locomotives 
or  "at  the  pantograph,"  has  been  determined  by 
multiplying  the  number  of  ton-miles  in  each  class 
of  service  by  the  unit  representing  the  watt- 
hours  per  ton-mile  in  that  service.  These  units 
were  determined  initially  by  the  well-known  time- 
speed  curve  method.  Curves  of  the  characteris- 
tics of  motors  of  the  types  and  sizes  selected  for 
the  several  classes  of  locomotives  and  multi- 
ple-unit cars  (sections  213.055  to  213.059)  were 
obtained  from  manufacturers.  These,  combined 
with  data  regarding  the  length  of  run,  the  speed, 
the  weight  of  trains  and  other  factors  which  were 
developed  as  a  result  of  the  tests  described  in 
chapter  202,  and  with  train  resistance  formulas 
gathered  from  the  most  reliable  sources,  formed 


the  basis  of  the  calculations  from  which  the  time- 
speed  curves  were  made.  The  geographic  dis- 
tribution of  the  energy  at  the  pantograph  was 
determined  by  applying  the  energy  units  to  the 
ton -miles  of  electric  traffic' for  each  class  of  serv- 
ice over  each  route  element  within  the  proposed 
limits  of  electric  operation. 

211.03  Train  Resistance:  Sprague's  resist- 
ance formula  was  used  for  determining  the  train 
resistance  for  suburban  passenger  service  to  be 
performed  both  by  multiple-unit  cars  and  by  elec- 
tric locomotives.  The  Westinghouse  Electric  & 
Manufacturing  Company's  formula  was  used  for 
determining  the  train  resistance  for  all  through 
passenger  service.  Professor  Schmidt's  table* 
was  used  as  a  basis  for  train  resistance  in  road 
freight,  freight  transfer  and  yard  switching  serv- 
ices. To  the  resistance  as  given  for  a  40-ton 

•  "Values  of  Resistance  at  Various  Speeds  for  Trains  of  Different  Average 
Weights  per  Car."  Univeriity  of  Illinois  Bulletin,  May  30.  1910. 


TABLE  CCLI.     TOTAL  NUMBER  OP  TON-MILES  TO  BE  HANDLED  UNDER  ELECTRIC  OPERATION  FOR  THE  AVERAGE 

DAY  OF  THE  OCTOBER  REPORT  PERIOD.     2.400- VOLT  D.  C.  SYSTEM 

(Basis  of  1912) 
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PUMO- 

ger 

Subur- 
ban 

1  0      :>• 

live 

Multiple- 
Unit 

Make- 

'  I.-;,-1 

Awmjr 

Total 

Per  Cent 
of 
ToUl 

1                                                   S 

»                4 

» 

6 

7 

* 

• 

10 

11 

Atrhison,  Topeka  4  Santa  Fe  Hy  177,441 

1       150,927         62.524           7.644 
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M                0                  0                 0 

1                 0        41,347             •    0 
1      111,153      122,007          6.048 
1000 
1       •.TVS      267,208                0 

1000 
801,876  1,040,680        40,932 

0  2,122,351      114,553 
59,677      423,556       2(i..'7i; 

31,871        13.593                0 
1000 
59,138      139,747              264 
4000 
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111.668 
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01.040 
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0 
118339 

32.380 
51,701 
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C 
0 

155,553 

0 
0 
0 
0 

0 
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255,322 
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Baltimore  &  Ohio  R.  R  115234 

Baltimore  &  Ohio  Chicago  Terminal  R.  R  29)  ,83! 

Chesapeake  &  Ohio  Ry.  of  Indiana  1 

Chicago  &  Alton  R.  R  201  71: 
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0 

79.461 
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0 
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(78,780 

138.611 
677,023 

313,683 
1,448,312 
2,383,664 
48,101 
966,827 

2!2 
1.4 

8.2 
.2 
.6 
7.6 

.1 
2.0 

ill 

.0 
4.3 
7.1     i 

i!i 

Grand  Trunk  Western  Ry  72  847 

Illinois  Central  R.  R  427  972 

Illinois  Northern  Ry  56  997 

Indiana  Harbor  Belt  R.  R  32  351 

Lake  Shore  &  Michigan  Southern  Ry  '     406  509 

Manufacturers'  Junction  Ry  0 

Michigan  Central  R.  R  255  378 

Minneapolis,  St.  Paul  &  Sault  Ste.  Marie  Ry  25.059 
New  York,  Chicago  &  St.  Louis  R.  It  141  998 

Pere  Marquette  R.  R  99  259 

Pittsburgh,  Cincinnati,  Chicago  &  St.  Louis  Ry.  .       45s]256 
Pittsburgh,  Fort  Wayne  &  Chicago  Ky                         571  912 

Pullman  Railroad  48*101 

Wabash  Railroad  242  009 

Totals                                                                         9.554.316 
*  Included  with  Chicago  Junction  Railway. 

K.242.988  s.252.12« 
t  No  report. 

•1.529.575 
t  Included 

l.lfl8.R85l?.R44.231 
with  the  Chicago  i 

723.12R 
t  Western 

33.flnO.925 
Indiana  Rail 

100.0 
road. 
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freight  car,  50  per  cent  was  added  in  the  case  of 
these  si-rvitrs  to  allow  for  adverse  weather  and 
starting  conditions,  inferior  yard  track  and  other 
indeterminate  factors,  and  the  result  thus  obtained 
was  accepted  as  the  average  resistance  for  all 
freight  car  movements. 

Equations  expressing  these  facts  are  as  follows: 

Multiple-unit  and  suburban  locomotive  service: 
R-4T+VT+V'     (Sprague) 


3 

Through  passenger  service: 

V-f-ioV 
R=4-0+—  (Westinghouse) 


Freight  service: 

R  =  i-5    (4.i5+.04iV+.ooi34V') 
(Schmidt  plus  50%) 

"R"  represents  the  resistance  in  pounds  per 
ton,  "V"  the  speed  in  miles  per  hour  and  "T" 
the  weight  in  tons  (2,ooolb.). 

These  formulas  are  presented  in  diagrammatic 
form  by  fig.  590. 

211.04  Energy  Units:  To  the  theoretical  units 
which  were  obtained  from  the  time-speed  dia- 
grams, certain  percentages  were  added  to  cover 


lighting  and  heating  in  the  case  of  multiple-unit 
service,  severe  weather  conditions,  traffic  delays, 
air  compressor  motor  requirements  and  indeter- 
minate operating  losses  which  experience  has  shown 
to  exist.  After  taking  account  of  these  factors,  en- 
ergy units  were  adopted  as  shown  in  table  CCLII. 


TABLE   CCLII. 


ENERGY   UNITS    ADOPTED  FOR   ELECTRIC 
OPERATION 


Service 

Watt-Maura 
at  the  Pi 

2.400-Volt 

1.  « 
Wy§t*m 

per  Ton-Mile 
Dtocrapfa 

11,  000-  Volt 
A.  C. 
Hjrttem 

Yard.  .  .  . 

60 

n 

35 
30 
36 
63 
74 

ao 

60 
28 
38 
30 
37 
63 
71 

ao 

Road  freight 

Paaaenwr  transfer 

Suburban  paaaengcr  with  multiple-unit  can  .  .  . 

211.05    Energy  Required  at  the  Pantograph: 

The  energy  required  at  the  pantograph  for  each 
hour  of  the  average  day  is  shown  for  each  class 
of  service  for  the  2, 400- volt  direct  current  system 
by  diagrams  presented  as  figs.  591  to  598,  inclusive, 
and  for  the  1 1 ,000- volt  alternating  current  system 
by  diagrams  presented  as  figs.  599  to  606,  inclusive. 
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590.    TRAIN  RESISTANCE  DIAGRAM 


FIG.  591.  ENERGY  CHART.  Kilowatt-Hours  at  the  Pan- 
tograph for  the  Average  October  Day  for  2,400- Volt  D.  C  Opera- 
tion, Yard  Service. 
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8.000 


4.OOO 


1.000 
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FIG.  592.  ENERGY  CHART.  Kilowatt-Hours  at  the  Pan-  FIG.  594.  ENERGY  CHART.  Kilowatt-Hours  at  the  Pan- 
tograph for  the  Average  October  Day  for  2,400- Volt  D.  C.  Opera-  tograph  for  the  Average  October  Day  for  2,400- Volt  D.  C.  Opera- 
tion, Road  Freight  Service.  tion,  Passenger  Transfer  Service. 
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FIG.  595.    ENERGY  CHART.    Kilowatt-Hours  at  the  Pan- 


FIG.  593.    ENERGY  CHART.     Kilowatt-Hours  at  the  Pan-  .        .  . 

tograph  for  the  Average  October  Day  for  2,400- Volt  D.  C.  Opera-   tograph  for  the  Average  October  Day  for  2,400- Volt  D.  C.  Opera- 
tion, Freight  Transfer  Service.  tion,  Through  Passenger  Service. 
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FIG.  596.  ENERGY  CHART.  Kilowatt-Hours  at  the  Pan-  FIG.  598.  ENERGY  CHART.  Kilowatt-Hours  at  the  Pan- 
tograph for  the  Average  October  Day  for  2,400- Volt  D.  C.  Opera-  tpgraph  for  the  Average  October  Day  for  2,400- Volt  D.  C.  Opera- 
tion, Suburban  Passenger  Service  with  Locomotives.  tion,  Make-Up  and  Put-Away  Passenger  Service. 
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FIG.  597.  ENERGY  CHART.  Kilowatt-Hours  at  the  Pan-  FIG.  599.  ENERGY  CHART.  Kilowatt-Hours  at  the  Pan- 
tograph for  the  Average  October  Day  for  2,400- Volt  D.  C.  Opera-  tograph  for  the  Average  October  Day  for  11,000- Volt  A.  C.  Opera- 
tion, Suburban  Passenger  Service  with  Multiple-Unit  Cars.  tion.  Yard  Service. 
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FIG.  600.    ENERGY  CHART.    Kilowatt-Hours  at  the  Pan-         FIG.  602.    ENERGY  CHART.     Kilowatt-Hours  at  the  Pan- 
tograph for  the  Average  October  Day  for  1 1 ,000- Volt  A.  C.  Opera-      tograph  for  the  Average  October  Day  for  1 1 ,000- Volt  A.  C.  Opera- 


tion,  Road  Freight  Service. 


tion.  Passenger  Transfer  Service. 
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'    rKll?w£5;Hoursat  the  Pan-          FIG-  603-    ENERGY  CHART.     Kilowatt-Hours  at  the  Pan- 
°ay  f°r  '  ^OOO-Volt  A.  C.  Opera-       tograph  for  the  Average  October  Day  for  11,000-  Volt  A.  C.  Opera- 

tion> Through  Passenger  Service. 
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A.M.                  HOUR                  P.M. 

FIG.  604.  ENERGY  CHART.  Kilowatt-Hours  at  the  Pan-  FIG.  606.  ENERGY  CHART.  Kilowatt-Hours  at  the  Pan- 
tograph  for  the  Average  October  Day  for  1 1 ,000-Volt  A.  C.  Opera-  tograph  for  the  Average  October  Day  for  1 1 ,000-Volt  A.  C.  Opera- 
tion, Suburban  Passenger  Service  with  Locomotives.  tion,  Make-Up  and  Put-Away  Passenger  Service. 
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FIG.  605.  ENERGY  CHART  Kilowatt-Hours  at  the  Pan- 
tograph for  the  Average  October  Day  for  1 1,000- Volt  A.  C.  Opera- 
tion, Suburban  Passenger  Service  with  Multiple-Unit  Cars. 


FIG.  607.  ENERGY  CHART.  Total  Kilowatt-Hours 
at  the  Pantograph  for  the  Average  October  Day  for  2  400- Volt 
D.  C.  Operation,  All  Classes  of  Service. 
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2O.OOO 


FIG.  608.  ENERGY  CHART.  Total  Kilowatt-Hours 
at  the  Pantograph  for  the  Average  October  Day  for  11,000- 
Volt  A.  C.  Operation,  All  Classes  of  Service. 

The  sum  of  the  values  given  by  the  diagrams 
for  the  several  classes  of  service  for  each  traction 
system  equals  the  value  for  the  total  energy 
required  at  the  pantograph.  These  total  energy 
values  are  shown  diagrammatically  for  the  2,400- 
volt  direct  current  system  by  fig.  607,  and  for  the 
n.ooo-volt  alternating  current  system  by  fig.  608. 

211.06  Power  Station  Location :  Based  upon  the 
determined  geographic  distribution  of  energy,  the 
load  center  was  ascertained  a/id  the  location  of  the 
power  station  was  fixed  at  a  point  as  near  to  this 
theoretical  center  as  the  requirements  for  avail- 
able water  supply  would  permit  (section  213.003). 

211.07  Substation  Locations:    Studies  of  the 
geographic  distribution  of  the  energy  led  to  the 
adoption  of  substation  locations  for  the  2,400- 
volt  direct  current  system  as  shown  in  fig.  609, 
and  for  the  n,ooo-volt  alternating  current  system 
as  shown  in  fig.  610. 

In  arriving  at  the  substation  locations  selected, 
consideration  was  given  to  the  voltage  drop  in 
the  distribution  system  for  direct  current,  to  in- 
ductive interference  for  alternating  current,  and 
to  the  location  of  large  yard  loads,  the  purpose 
being  to  locate  substations  at  points  at  which 


distribution  could  be  made  in  several  directions 
and  which  could  be  reached  over  two  separate 
transmission  routes. 

The  load  on  each  of  the  several  substations 
was  determined  by  calculations  of  the  relative 
resistance. 

211.08  Efficiency  Values:  The  average  effi- 
ciency values  of  the  transmission  and  distribution 
systems  were  calculated,  and  those  of  trans- 
formers and  rotary  converters  were  assumed  on 
the  basis  of  manufacturers'  specifications  and 
calculated  load  conditions.  The  efficiency  values 
for  the  different  features  of  the  two  systems  under 
consideration,  as  finally  adopted,  are  shown  in 
table  CCLIII. 

TABLE  CCLUI.     EFFICIENCY  VALUES  ADOPTED 
FOR  ELECTRIC  OPERATION 
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2H.OQ  Diagrams  of  Power  Station  Load:  By 
the  use  of  the  efficiency  values  adopted  and  the 
diagrams  of  energy  required  at  the  pantograph, 
diagrams  have  been  prepared  showing  the  hourly 
load  at  the  low  tension  terminals  of  the  step-up 
transformers  at  the  power  station.  These  dia- 
grams are  presented  as  figs.  611  and  612,  fig. 
611  representing  the  hourly  load  for  the  2,400- 
volt  direct  current  system  and  fig.  612  that  for 
the  n,ooo-volt  alternating  current  system. 

21 1. 10  The  Average  Day  as  Compared  with 
Each  Day  of  the  Average  Week:  It  should  be 
noted  that  the  energy  curves  show  the  energy  for 
the  average  October  day  which  fairly  represents 
the  average  day  of  the  entire  year.  Seasonal 
variations  in  the  flow  of  traffic  have  already  been 
discussed  (chapter  202).  Calculations  based  on 
the  daily  records  obtained  from  the  railroads 
show  that  the  daily  variation  on  a  ton-mile  basis 
for  the  various  days  of  the  average  week  is  sub- 
stantially as  follows: 

Sunday.   .   .  76.9  ! 

Monday  .    .  100.9  i 

Tuesday  .    .103.6  |  Per  cent  of 

Wednesday  .164.5  }  t  h  A  t    re" 

Thursday.    .105.5  i  quired  on 

Friday.    .    .103.5     average  day 


Energy  required  on 


Saturday .    . 105 . i 
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SUBSTATION     AND     POWER-STATION 
LOADS.     3.400-VOLT  D.  C. 


rtt  Prospect 

DCS  Plai 


Note:  Substation  loads  are  at  high  tension 
terminals  of  step-down  transformers. 

Power  station  loads  are  at  low  tension 
terminals  of  step-up  transformers. 
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FIG.  609.    LOCATIONS  OF  POWER  STATION  AND  SUBSTATIONS  FOR  THE  2  400- VOLT 

D.  C.  SYSTEM 
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FIG.  610     LOCATIONS  OF  POWER  STATION  AND  SUBSTATIONS  FOR  THE  11  000-VOLT 

A.  C.  SYSTEM 
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In  general,  it  may  be  said  that  the  maximum 
hour  loads  for  the  various  week  days  are  prac- 
tically the  same  and  that  the  difference  in  total 
daily  loads  is  due  to  a  variation  in  the  load  factor. 

2 1 1. 1 1  Energy   Requirements    by   Individual 
Roads :  The  foregoing  diagrams  present  character- 
istics of  the  load  that  would  result  from  the  com- 
bined electric  operation  of  all  traffic  within  the 
proposed  limits  prescribed  by  the  plan  of  electri- 
fication.    In  order  to  determine  the  basis  upon 
which  to  pro-rate  to  the  individual  roads  the  cost 
of  those  facilities  used  jointly  for  the  generation 
and  distribution  of  the  energy,  namely,  power  sta- 
tion, transmission   lines  and  substations,  it  has 
been  necessary  to  determine  the  energy  require- 
ments of  the  individual  roads.      These  require- 
ments are  shown  by  table  CCLIV: 

Table  CCLIV  shows  for  the  2,4Oo-volt  direct 
current  system  the  energy  required  at  the  panto- 
graph for  each  road  for  the  average  day,  the  av- 
erage hour  and  the  maximum  hour.  The  load 
factor,  or  ratio  of  the  average  hour  load  to  the 
maximum  hour  load,  expressed  in  per  cent, 
and  the  relation  that  the  daily  load  and  the  max- 
imum hour  load  of  each  road  bear  to  the  respec- 
tive totals  of  these  items  are  also  shown. 

The  ratio  of  the  sum  of  the  maximum  hour 
loads  of  all  of  the  roads,  109,258  kilowatt-hours, 
to  the  maximum  hour  load  of  the  same  roads 
operated  jointly,  99,208  kilowatt-hours  (fig.  607), 
is  no  per  cent  and  represents  the  diversity  factor. 

2 1 1. 1 2  Energy  Requirements  of  a  Single  Road 
(Chicago  &  North  Western  Railway)  by  Each  of 
Three  Systems  of  Electrification:     To  provide  a 
basis  upon  which  to  make  estimates  of  the  cost 
of  electrifying  and  operating  electrically  a  single 
selected   road,    the   Chicago   &    North   Western 
Railway,  by  each  of  three  electric  traction  sys- 
tems, namely,  the  overhead  contact  system  with 
2,4oo-volt  direct    current    and  with   n,ooo-volt 
alternating   current,    and   the   third   rail  system 
with   600- volt   direct   current    (section   213.117), 
the  energy  required  to  operate  all  traffic  over  the 
tracks  of  this  road  alone,  by  each  of  the  three 
systems,    was    determined.     The    traffic   of   this 
road  over  the  tracks  of  other  roads  has  not  been 
included,  it  being  assumed  in  this  study  that  only 
the  tracks  owned  by  the  Chicago  &  North  Western 
Railway  would  be  equipped  for  electric  operation 
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FIG.  611.  ENERGY  CHART.  Total  Kilowatt-Hours  at 
the  Low  Tension  Terminals  of  the  Transformers  at  the  Power 
Station  for  the  Average  October  Day  for  2,400- Volt  D.  C.  Opera- 
tion, All  Classes  of  Service. 
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FIG.  612.  ENERGY  CHART.  Total  Kilowatt-Hours  at 
the  Low  Tension  Terminals  of  the  Transformers  at  the  Power 
Station  for  the  Average  October  Day  for  11, 000- Volt  A.  C.  Opera- 
tion, All  Classes  of  Service. 
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TABLE  CCLIV.     ENERGY  REQUIREMENTS  AT  PANTOGRAPH  — 3.400- VOLT  DIRECT  CURRENT  SYSTEM  BY  ROADS 

(Basis  of  1911) 
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5.438 
t,01( 

81 
345 

1.680 

SIM, 

:,>:,•, 
168 

202 
4.108 
1,754 
230 
001 

:,.-,-, 
J  161 

UttO 

118 
1.571 

1,326 
1.604 
1,087 
148 

340 
1.589 
137 
1,890 

885 
23,438 
B.016 
6.464 

885 

an 

1,054 
2,746 

8,117 

you 

126 
426 

2.526 
1,410 

l.'u.M 
288 

804 

7.JJ.'. 

MM 

mi 

1.344 

1.086 
1  154 
6«M7 
254 
2.SS5 

1.21 

1.47 
1.80 
0.14 

0.32 
1.45 

0  .13 
1  73 

0  81 
21.46 
6  33 
5.02 

0.81 
0.61 
0  06 
2.51 

7.43 
5.52 
0.12 
0  30 

2.31 
1.20 
11.01 
0.26 

0.82 
6  61 
2.18 
0.55 
1.23 

0  00 
3.07 
5.02 
0  23 

-•  :(.• 

64.  A 
76.2 
71.3 
62.2 

36.1 
63.0 
73.0 
58.2 

17.6 
61.7 
68.4 
43.6 

45.6 
10.6 
46.7 
75.2 

67.0 
60.2 
64.2 
81.0 

66.5 
57.2 
48.7 
58.3 

32.7 
68.1 
73.5 

:i'.i  :. 
67.0 

51.1 
70.1 
61.2 
46.6 
62.0 

Chicago  A  Western  Indiana  Railroad  and  the  Belt  Railway  of  Chicago*. 

Chicago,  Milwaukee  A  St  Paul  Railway                          

Chicago,  Rock  Island  4  Paci6c  Railway  

Chicago,  West  Pullman  A  Southern  Railroad  

Elgin,  Joliet  &  Eastern  Railway  

Illinois  Central  Railroad  ".  

Minneapolis,  St.  Paul  A  Sault  Ste   Marie  Railway 

New  York,  Chicago  4  St.  Louis  Railroad  

Pere  Marquette  Railroad  

Pittsburgh,  Fort  Wayne  A  Chicago  Railway  "  

Wabash  Railroad  

Totali  

1.488.550 

|.»  mi 

'i.'.ii-'.i 

100.258 

UNI   0(1 

*  Includes  Chicago  Union  Transfer  Railway. 


t  Include.  Chicago  Rirer  ft  Indiana  Railroad. 


and  that  movements  now  made  by  the  locomotives 
of  this  road  over  connecting  lines  would  not  be 
handled  electrically. 

The  methods  employed  to  determine  the  energy 
required  were  the  same  as  those  described  for 
determining  the  energy  of  the  entire  system  from 
diagrams  of  hourly  ton-mileage  prepared  for  each 
service.  Similar  diagrams  of  hourly  kilowatt- 
hours  at  the  pantograph  or  third  rail  contact  shoes 
were  obtained  by  the  use  of  the  same  energy  units 
determined  and  employed  for  the  entire  system. 
The  same  units  were  used  for  the  6oo-volt  deter- 
minations as  for  the  2,4oo-volt  determinations. 
The  diagrams  for  the  three  systems  are  so  nearly 
alike  that  only  those  for  2,400  volts  are  shown. 
These  diagrams  for  each  of  the  eight  classes  of 
service  are  presented  as  figs.  613  to  620,  inclusive, 
and  for  the  total  of  all  services  as  fig.  621. 

The  kilowatt -hours  at  the  third  rail  contact 
shoes,  and  at  the  pantograph  for  the  average 
October  day,  by  classes  of  service,  are  shown  for 
each  system  in  table  CCLV. 


TABLE  CCLV.    KILOWATT-HOURS  AT  THE  THIRD  RAIL  CONTACT 
SHOES  AND  AT  THE  PANTOGRAPH  FOR  THE  AVERAGE  OCTO- 
BER DAY— CHICAGO  ft  NORTH  WESTERN  RAILWAY 

(Bati*  of  1912) 


Service 

......  \ 
D.  C. 

J.IUM    \ 
I)  C 

11.INXI    V 

A.C. 

1 

2 

3 

4 

Yard  

00,084 

90,064 

ioo,m 

Road  freight  

21,413 

21,413 

1M  -"'J 

Freight  transfer  

31.713 

31.713 

34,430 

1,186 

1.186 

1,186 

Through  passenger   

...'  .'..7 

82,267 

33,600 

Suburban  passenger  with  locomotive*  
Suburban  passenger  with  multiple-unit  car* 
Make-up  and  put-away 

M  1"-' 
BB.1M 

M.4M 

64.101 
B.983 

26,016 

58.311 
6.066 

Total*  

m  i7! 

MMTI 

The  small  differences  shown  in  the  energy 
required  for  multiple-unit  and  make-up  services 
for  600  volts  and  for  2,400  volts  are  due  to  dif- 
ferences in  the  weight  of  rolling  equipment.  It 
will  also  be  noted  that  the  total  energy  given 
for  the  2,4Oo-volt  direct  current  system  is  less 
than  that  shown  for  the  same  road  in  table 
CCLIV,  which  includes  the  energy  for  all  move- 
ments of  the  road  regardless  of  ownership  of 
track.  This  difference  is  less  than  two  per  cent. 
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FIG.  613.  ENERGY  CHART.  Kilowatt-Hours  at  the 
Pantograph  for  the  Average  October  Day  for  2,400-Volt 
D.  C.  Operation,  Yard  Service  on  the  C.  &  N.  W.  Ry. 


FIG.  615.  ENERGY  CHART.  Kilowatt-Hours  at  the 
Pantograph  for  the  Average  October  Day  fcr  2,400-Volt  D. 
C.  Operation,  Freight  Transfer  Service  on  the  C.  &  N.  W.  Ry. 


FIG.  614.  ENERGY  CHART.  Kilowatt-Hours  at  the 
Pantograph  for  the  Average  October  Day  for  2,400-Volt  D.  C. 
Operation,  Road  Freight  Service  on  the  C.  &  N.  W.  Ry. 


FIG.  616.  ENERGY  CHART.  Kilowatt-Hours  at  the 
Pantograph  for  the  Average  October  Day  for  2,400-Volt  D. 
C.  Operation,  Passenger  Transfer  Service  on  the  C.  &  N.  W.  Ry. 


830 


SMOKE  ABATEMENT  AND  ELECTRIFICATION  IN  CHICAGO 


5.000 


FIG.  617.  ENERGY  CHART.  Kilowatt-Hours  at  the 
Pantograph  for  the  Average  October  Day  for  2,400-Volt  D. 
C.  Operation,  Through  Passenger  Service  on  the  C.  &  N.  W.  Ry. 
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FIG.  618.  ENERGY  CHART.  Kilowatt-Hours  at  the  Pan- 
tograph for  the  Average  October  Day  for  2.400- Volt  D.  C.  Opera- 
tion, Suburban  Passenger  Service  with  Locomotives  on  the  C.  & 
N.  W.  Ry. 


i.ooo 


nV,h,tK'    Kilowatt-Hours  at  the  Pan-  FIG.  620.    ENERGY  CHART.    Kilowatt-Hours  at  the  Pan- 

tograph for  the  Average  October  Day  for  2,400- Volt  D.  C.  Opera-        tograph  for  the  Average  October  Day  for  2,400- Volt  D.  C.  Opera- 
the  C  &  N  W  R3886  Multiple-Unit  Cars  on        tion,  Make-Up  and  Put-Away  Passenger  Service  on  the  C.  & 
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The  location  of  power  station,  number  and  loca- 
tion of  substations  and  transmission  line  routes, 
as  determined  for  each  of  the  three  systems 
for  the  Chicago  &  North  Western  Railway,  are 
shown  by  the  maps  presented  as  figs.  623,  624 
and  625. 

The  efficiency  values  used  for  determining  the 
power  station  loads  from  the  load  values  presented 
for  the  trains  are  given  in  table  CCLVI. 

TABLE 'CCLVI.     EFFICIENCY  VALUES  USED  FOR  DETERMINING 
POWER  STATION  LOADS 


Item 

\ 
D.  C. 
Per  Cent 

2.400-  V. 
D.  C. 
Per  Cent 

11,000-V. 
A.  C. 
Per  Cent 

1 

a 

3 

.4 

:>7  :. 

97  6 

97  0 

99  5 

99  1 

98  7 

95  0 

96  0 

95  0 

91.0 

92  0 

Distribution  system  

91.0 

93.0 

98.0 

Combined  efficiency  

711  3 

7:i    1 

87.3 

It  will  be  noted  that,  for  the  2, 400- volt  system 
and  for  the  n,ooo-volt  system,  the  same  efficiency 
values  have  been  used  as  were  used  for  all  roads 
combined  (section  211.08)  except  for  the  high  ten- 
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FIG.  622.  ENERGY  CHART.  Kilowatt-Hours  Required 
at  the  Low  Tension  Terminals  of  the  Transformers  at  the  Power 
Station  on  the  Average  October  Day  for  2,400- Volt  D.  C.  Opera- 
tion. All  Services  Combined  on  the  C.  &  N.  W.  Ry. 

sion  transmission  system.  Owing  to  the  use  of 
the  same  transmission  potential,  33,000  volts,  and 
the  same  minimum  size  of  wire,  the  shorter  lines 
and  smaller  amount  of  energy  transmitted  result 
in  higher  efficiencies  for  the  single  road  than  for 
the  entire  system. 

The  load  for  the  average  day  at  the  low  tension 
terminals  of  the  step-up  transformers  at  the 
power  station  for  each  of  the  three  systems  is 
shown  in  table  CCLVII. 

TABLE  CCLVII.     LOAD  FOR  THE  AVERAGE  DAY  AT  THE  POWER 
STATION 


Item 

800-V. 
D.  C. 

2,400-V 
D.C. 

11,000-V. 
A.  C. 

1 

a 

8 

4 

Total  output  for  24  hrs.,  kw-hr 

363  2t>7 

356724 

- 

•     •    • 

1  •    ; 

- 

Load  factor.  ix»r  cent  

51.9 

fO.« 

52.7 

The  diagrams  of  hourly  power  station  loads 
are  so  nearly  the  same  for  the  three  systems  that 

FIG/,621L  ENERGXCHAR,T-    rKi^w^t\H(?ul?,at^thAJan'    only  that  for  2.4°°  volts  is  presented.     This  is 
tograph  for  the  Average  October  Day  for  2,400- Volt  D.  C.  Opera- 
tion, All  Services  Combined  on  the  C.  &  N.  W.  Ry.  shown  as  fig.  622. 
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THE  CHICAGO  ASSOCIATION  or  COMMCBCC 
CoMMirrrc  or  INVESTIGATION  ON  SMOKE 

CiECTRiricvrioN  or  RAILWAY  TIBMINALS 


Ollx*  of  Chirf  btfnsv        Chicago 


CHICAGO  4  NORTH  WESTERN- 
RAILWAY 

SUBSTATION    AND    POWER-STATION 
LOADS.  6oo-VOLT  D.  C. 


Note:  Sub«u«ion  loodi  are  at  high  tension 
terminal!  of  step-down  transformers. 

Power-station  loads  are  at  low  tension 
terminals  of  step-up  transformers. 
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Power 

Substation 


RMrp  FOR  THE  CHICAGO 

RAILWAY  FOR  THE  600-VOLT  D.  C.  SYSTEM 
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CoMMirrce  or  UAUTKWTION  ON  SMOKE 

tttcTpiriCATioN  or  RAILWAY  TCBMINAU 


Offlc*  of  CtiKf  tntfnar 


CHICAGO  *  NORTH  WESTERN- 
RAILWAY 

SUBSTATION    AND     POWER  -  STATION 
LOADS.  3,400-VOLT  D.  C. 


Note:  Substation  loads  are  at  high  tension 
terminals  of  step-down  transformers. 

Power-station  loads  are  at  low  tension 
terminals  of  step-up  transformers. 


EXPLANATION 

Power    House 
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FIG.  624.    LOCATIONS  OF  POWER  STATION  AND  SUBSTATIONS  FOR  THE  CHICAGO 
&  NORTH  WESTERN  RAILWAY  FOR  THE  2,400-VOLT  D.  C.  SYSTEM 
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*  xwF  TOWER  STATION  AND  SUBSTATIONS  FOR  THE  CHICAGO 

&  NORTH  WESTERN  RAILWAY  FOR  THE  11, 000- VOLT  A.  C.- SYSTEM 


212.   GENERAL  CONSIDERATIONS  UNDERLYING  ESTIMATES  OF  COST 


SYNOPSIS:  This  chapter  defines  the  procedure  followed  in  making  up  estimates  of  the  cost 
of  electrification,  with  reference  to  the  choice  of  electric  systems  dealt  with,  and  the  program  of  con- 
struction to  be  obsen'ed,  and  with  reference  also  to  all  allowances  and  factors  of  extension,  such  as 
those  to  cover  contingencies,  growth,  interest  during  construction  and  cost  of  trial  running. 


212.01  Basis   of  Estimates:     The  facts  pre- 
sented in  the  preceding  chapters  contribute  to 
the  development  of  certain   general   conceptions 
affecting  the  basis  of  the  estimates  of  cost.     The 
conclusions  of  some  of  these  define  in  part  the 
subsequent  procedure.     There  remain  to  be  pre- 
sented certain  general  considerations  which  are 
necessary  to  complete  the  definition  of  the  basis 
upon  which  estimates  of  cost  have  been  developed. 

2 1 2. 02  Electric  Systems:     Detailed  estimates 
of  cost  covering  all  trackage  embraced  by  the 
Committee's   plan   of   electrification    as    defined 
in  chapter  209,  and  that  part  of  the  traffic  (chap- 
ter 202),  which  is  confined  to  this  trackage  (chap- 
ter 211),  have  been  made  for  the  overhead  contact 
system  with   2, 400- volt  direct  current  and  with 
n,ooo-volt  single-phase  alternating  current. 

Estimates  of  cost  have  also  been  made  covering 
the  electrification  of  a  single  road*  by  the  third 
rail  system  with  600- volt  direct  current,  as  well 
as  by  the  overhead  contact  system  with  2,400-volt 
direct  current  and  with  n,ooo-volt  alternating 
current.  From  the  relation  found  to  exist  be- 
tween the  total  costs  of  electrification  of  this  one 
road  by  the  third  rail  system  and  by  the  overhead 
contact  systems,  considered  in  connection  with 
the  total  costs  of  electrification  of  all  the  termi- 
nals as  developed  for  the  overhead  contact  system, 
an  estimate  of  the  total  cost  of  electrification  of 
all  the  terminals  by  the  6oo-volt  third  rail  sys- 
tem has  been  obtained.  This  procedure  has  given 
in  effect  the  total  cost  of  electrification  by  three 
different  systems: 

1 .  Third  rail  direct  current,  600  volts. 

2.  Overhead  contact  direct  current,  2,400 
volts. 

3.  Overhead  contact  alternating   current, 
11,000  volts. 

•  Chicago  &  North  Western  Railway. 


212.03  Estimates  of  Cost  Based  upon  an 
Assumed  Procedure  Embracing  the  Entire  Ter- 
minal: The  questions  of  design,  construction  and 
installation  as  related  to  the  electrification  of 
Chicago's  terminals  have  been  developed  as  a 
single  problem.  The  trackage  included  in  the 
plan  of  electrification  having  been  determined,  it 
has  been  assumed  that  the  work  would  proceed 
under  a  single  administration  regardless  of  the 
ownership  of  tracks.  One  result  of  this  process 
has  been  to  supply  a  procedure  leading  to  mini- 
mum estimates  of  cost.  For  example,  in  deter- 
mining power  station  requirements  it  has  been 
assumed  that  a  single  station  for  the  generation 
of  electric  energy  will  serve  all  roads  alike, 
rather  than  that  different  generating  centers  of 
smaller  capacity  will  be  supplied  for  individual 
roads. 

The  adoption  of  this  plan  does  not  necessarily 
imply  that,  if  the  railroads  of  Chicago  were  to 
proceed  with  electrification,  they  would  all  join 
in  their  efforts  to  bring  about  such  a  result. 
Whether  they  would  do  so  or  not  would  con- 
stitute a  matter  of  business  expediency.  In  the 
absence  of  complicating  factors,  however,  such 
a  procedure,  as  contrasted  with  one  involving 
the  installation  of  separate  facilities  for  indi- 
vidual roads,  would  contribute  to  economy.  The 
purpose  of  the  Committee  in  this  matter  has 
been  to  determine  the  cost  to  the  roads  of 
electrifying  the  terminals  as  a  whole,  and  it  has 
assumed  for  this  purpose  that  electrification,  if 
entered  upon,  would  proceed  by  methods  involv- 
ing the  highest  efficiency.  Electrification  of 
individual  roads,  were  it  to  proceed  under  the 
auspices  of  individual  roads,  would  undoubted- 
ly involve  much  larger  expenditures  than  those 
which  are  hereinafter  set  forth. 
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212.04  Program  of  Construction:    The  Com- 
mittee's detailed  analyses  underlying  the  estimates 
of  the  cost  of  labor  and  material  are  based  upon 
statistics  for  the  year  1912.     Since  the  extent  of 
trackage  and  the  volume  of  traffic  are  increasing 
each  year,  it  is  evident  that  the  actual  cost  will 
depend  to  some  extent  upon  the  period  which  may 
elapse  between  the  Committee's  statistical  year 
and  the  beginning  of  construction.     Costs  will  be 
influenced  also  by  the  duration  of  the  construction 
period.     To  meet  requirements  which  are  thus 
imposed,    a  program   of   construction   has   been 
assumed    which    specifies    that    actual  work  in 
equipping  for  electrification  will  begin  in  Decem- 
ber, 1916,  and  will  end  in  December,  1922.     This 
program  allows  six  years  as  a  period  of  construc- 
tion, which  is  assumed  to  be  the    minimum  in 
which    the  work   could   be   accomplished.     This 
interval  must  provide  for: 

1.  A  period  of  preliminary  work  for  the  deter- 
mination of  methods  and  for  organization. 

2.  A  period  during  which  actual  designs  may  be 
developed. 

3.  A  period  of  construction  during  which  the 
work  is  to  be  advanced  as  rapidly  as  its  extensive 
character  will  permit. 

The  introduction  of  this  program  is  not  intended 
to  express  the  opinion  of  the  Committee  that  the 
adoption  of  it  is  imminent  or  necessary;  it  is 
introduced  merely  for  the  purpose  of  supplying 
a  basis  for  a  definite  procedure  in  the  development 
of  estimates  of  cost  which  cannot  otherwise  be 
fixed. 

In  the  development  of  estimates  of  costs,  the 
values  of  materials  and  labor  necessary  to  meet 
conditions  prevailing  for  the  Committee's  sta- 
tistical year  (1912)  have  first  been  set  forth. 
This  done,  the  estimates  have  been  increased  to 
cover  growth,  contingencies,  engineering,  and 
interest,  insurance  and  taxes  during  construc- 
tion, as  controlled  by  the  program  of  construction 
hereinbefore  defined. 

212.05  Allowance    to    Cover    Growth:    The 
rate  at  which  Chicago's  railroad  trackage  and 
traffic  are  increasing  is  set  forth  in   detail  by 
chapter  203,  the  conclusions  of  which  constitute 
the  basis  of  the  allowance  made  for  growth. 

In  apportioning  the  total  cost  of  electrification 
to  the  individual  railroads  involved,  the  rate  of 
growth  determined  for  the  whole  terminal  is  ap- 


plied to  the  individual  roads,  although  it  is  known 
that  this  is  not  in  strict  accord  with  the  facts. 

The  precise  value  used  in  extending  the  esti- 
mates covering  each  of  the  several  details  entering 
into  the  whole  fabric  of  electrification,  is  given 
in  connection  with  each  individual  study.  It  will 
be  of  interest  in  this  connection  to  note  that 
certain  items  entering  into  the  estimates  of  cost 
represent  phases  of  the  work  which  cannot  be 
completed  until  the  construction  period  is  ended. 
The  estimates  provide  for  the  continued  growth 
of  such  items  up  to  the  time  when  complete  elec- 
tric operation  is  to  begin,  namely,  the  end  of  the 
year  1922. 

Other  aspects  of  the  work,  such  as  changes  in 
the  existing  establishment  required  to  accommo- 
date the  devices  of  electrification,  may  be  assumed 
to  be  unaffected  by  the  growth  of  the  terminal 
after  electrification  has  once  been  determined  up- 
on. So  long  as  the  terminal  is  looked  upon  as  a 
steam  operated  terminal,  structures  will  be  built 
which  serve  only  to  accommodate  steam  loco- 
motives and  their  trains;  the  development  will 
continue  without  much  regard  to  the  require- 
ments of  electrification,  and  consequently  the 
occasions  for  change,  which  will  appear  when 
electrification  is  once  entered  upon,  will  increase 
each  year.  All  such  increase,  however,  should 
cease  when  the  date  of  the  initial  work  of  elec- 
trification is  once  determined;  this  date,  under 
the  program  governing  these  estimates,  is  Decem- 
ber 31,  1916. 

212.06  Contingencies:  This  item  is  designed 
to  cover  incidental  expenditures  which  may  arise 
from  sources  the  significance  of  which  it  is  difficult 
to  anticipate,  and  costs  arising  from  exceptional 
or  unexpected  causes.  Much  of  the  work  incident 
to  electrification  is  indefinite  in  character,  and 
any  estimate  based  upon  actual  schedules  of 
material  and  labor  must  be  a  minimum  estimate. 
For  example,  in  determining  the  cost  of  the 
overhead  contact  system  it  has  been  necessary  to 
assume  that  the  supports  for  the  overhead  struc- 
tures will  be  placed  on  railroad  property.  Certain 
of  the  more  congested  districts  have  been  care- 
fully examined  in  order  that  the  limitations  apply- 
ing in  this  matter  may  be  known,  but  it  has  been 
impossible  to  examine  minutely  all  of  the  routes 
to  be  electrified  except  as  these  are  found  in  the 
drawings  of  the  railroad  companies.  Experience 
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shows  that  such  drawings  are  often  incomplete 
and  that  an  attempt  to  erect  structures  designed 
on  the  basis  of  the  information  thus  made  avail- 
able is  certain  to  involve  increased  costs  due  to 
the  presence  of  obstructions  not  shown  on  the 
maps,  or  to  other  conditions  which  make  details 
in  a  contemplated  program  impracticable;  that 
is,  the  actual  cost  of  such  work  is  necessarily  in 
excess  of  the  cost  which  is  estimated  from  such 
drawings.  Experience  shows  also  that  the  cost 
of  labor,  in  all  grades  of  service,  has  increased 
year  by  year,  and  it  is  reasonable  to  expect  that 
such  costs  will  continue  to  increase.  Many  of  the 
items  in  the  estimates  which  follow  include  direct 
labor  charges,  all  of  which  will  be  thus  affected. 
The  basis  of  the  estimates  covering  labor  is  to  be 
found  in  conditions  prevailing  during  the  year 
1912.  No  attempt  has  been  made  to  extend  the 
estimates  thus  established  to  include  increases 
in  labor  costs  up  to  the  end  of  the  year  1522,  it 
being  assumed  that  the  increase  will  be  covered 
by  the  allowance  for  contingencies.  These  condi- 
tions, involving  uncertainties  in  the  extent  of 
work  to  be  performed  and  in  labor  costs,  apply 
to  almost  every  phase  of  the  construction  which 
must  proceed  along  the  right-of-way  of  railroad 
lines,  and  for  all  such  work,  therefore,  the  esti- 
mates of  cost  include  a  contingency  allowance 
of  20  per  cent. 

For  other  work  of  construction,  such  as  that 
of  the  power  station  and  power  station  equip- 
ment, substations,  locomotives  and  cars,  the  de- 
sign and  construction  of  which  can  proceed  with 
greater  certainty,  the  contingency  allowance  has 
been  fixed  at  10  per  cent. 

212.07  Engineering,  Design,  Supervision  and 
Administration:  The  fact  is  recognized  that  the 
allowance  for  engineering  may  properly  be  dif- 
ferentiated for  the  several  major  items.  The 
engineering  costs  arising  from  such  work  as  the 
contact  system,  which  is  complex  and  requires 
much  individual  attention,  will  be  larger  than 
those  for  locomotives,  for  which  the  expenditures 
are  heavy  and  duplication  of  machines  of  a  sin- 
gle design  may  be  extensive.  It  is  reported  that 
a  large  project  in  steam  railroad  electrification 
recently  completed  provided  12  per  cent  for  en- 
gineering, design,  supervision  and  administra- 
tion; that  in  the  actual  working  out  of  this 


project  the  cost  to  the  engineering  company  per- 
forming the  service  was  something  more  than 
8.0  per  cent,  leaving  as  profits  to  the  company  a 
margin  of  between  3.0  and  4.0  per  cent,  which 
is  not  to  be  considered  excessive. 

If  the  several  roads  concerned  in  the  electri- 
fication of  Chicago's  railroad  terminals  were  to 
undertake  separately  the  development  of  their 
individual  problems,  a  flat  charge  of  10  or  per- 
haps 12  per  cent,  covering  all  phases  of  the  work, 
would  not  be  too  much  for  engineering.  It  will 
be  remembered,  however,  that  the  Committee's 
assumption  underlying  all  estimates  of  cost  is 
to  the  effect  that  electrification  will  be  developed 
as  a  single  problem;  that  the  engineering  problems 
when  once  solved  will  apply  to  very  large  expen- 
ditures, a  fact  which  justifies  the  adoption  of  a 
minimum  allowance  to  cover  engineering,  design, 
supervision  and  administration. 

In  accordance  with  this  view,  the  estimates  of 
cost  provide  an  allowance  of  10  per  cent  for  engi- 
neering on  all  portions  of  the  work  except  electric 
locomotives,  multiple-unit  cars  and  trailers.  For 
these  an  allowance  of  5.0  per  cent  is  applied. 

212.08  Interest,  Insurance  and  Taxes  during 
Construction :  A  logical  basis  upon  which  to  de- 
termine the  value  of  the  allowance  which  should 
be  made  for  interest,  insurance  and  taxes  during 
construction  might  be  supplied  by  the  develop- 
ment of  a  detailed  estimate  of  progress  for  the 
entire  period  of  construction.  This  progressive 
plan  could  be  made  to  show  the  rate  at  which 
money  would  be  invested  and  the  rate  at  which 
equipment  and  other  facilities  purchased  would 
become  available  for  service.  On  the  basis  of 
such  a  program,  in  combination  with  accepted 
rates,  a  logical  allowance  for  this  factor  could  be 
determined.  The  fact  remains,  however,  that 
any  such  program  would  necessarily  be  more  or 
less  a  speculative  one  and  the  resulting  allow- 
ance would  probably  possess  no  higher  degree  of 
reliability  than  would  a  flat  rate  applied  to  the 
total  expenditure  and  the  entire  period  of  con- 
struction. Experience  shows  that  a  flat  rate  of 
approximately  two  per  cent  per  annum  for  the 
entire  period  is  entirely  justified  in  work  similar 
to  that  contemplated.  In  the  development  of  so 
extensive  an  electrification  project  as  that  pre- 
sented by  the  Chicago  railroad  terminals,  costs 
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under  this  head  could  doubtless  be  somewhat  re- 
duced by  a  systematic  and  progressive  develop- 
ment of  the  work,  which  would  permit  parts  of 
the  whole  system  to  come  into  effective  operation 
at  intervals  throughout  the  period  of  construction. 
It  would  not  be  necessary  to  delay  the  electric 
operation  of  a  certain  yard  or  of  an  individual 
railroad  terminal  until  all  yards  and  all  termi- 
nals could  be  equipped ;  and  in  view  of  the  great 
diversity  of  trackage  and  of  operating  condi- 
tions presented  by  the  Chicago  terminals,  it  is 
reasonable  to  suppose  that  a  minimum  charge 
would  suffice. 

In  view  of  these  considerations,  the  Com- 
mittee's estimates  of  cost  include  an  allowance 
for  interest,  insurance  and  taxes  during  con- 
struction, of  1.75  per  cent  per  annum  applied 
to  the  total  cost  and  to  the  whole  period  of 
construction. 

212.09  Summary  of  Allowances  and  Exten- 
sions: The  following  statement  summarizes  the 
conclusions  set  forth  in  the  preceding  sections 
and  defines  in  detail  the  several  allowances  and 
extensions  which  have  been  employed  in  making 
up  the  estimates  of  costs  and  values. 

i .  Work  of  uncertain  extent  which  must  con- 
tinue to  the  completion  of  the  whole  scheme,  in- 
cluding contact  system,  transmission  lines,  facil- 
ities necessary  to  overcome  inductive  effects, 
bonding,  new  steam  locomotive  terminals  and 
telephone  patrol  lines.  These  are  subject  to  the 
following  allowances: 

PER  CENT 

a.  Extensions  to  cover  growth  from  De- 
cember 31,  1912,  to  December  31,  1922: 

1.  Contact  system,  transmission  lines, 
facilities  necessary    to    overcome  induc- 
tive effects,  bonding  and  new  steam  loco- 
motive terminals 30.0 

2.  Telephone  patrol  lines  ....     10.0 

b.  Contingencies 20.0 

c.  Engineering,  design,   supervision  and 
administration .     10.0 

d.  Interest,  insurance  and  taxes  during 
construction,   1.75  percent  per  annum,  for 

6  years I0.5 

2.  Work  of  uncertain  extent,  the  further 
development  of  which  may  properly  be  assumed 
to  cease  when  electrification  is  once  determined 
upon,  including  transfer  of  machinery  to  new 
locations,  bridge  warnings  and  changes  in  over- 
head structures,  wire  lines  and  signal  systems. 
For  these  the  following  allowances  are  made : 


PER   CENT 

o.  Extensions  to  cover  growth  from  De- 
cember 31,  1912,  to  December  31,  1916: 

1 .  Transferring  machinery  to  new  loca- 
tions, bridge  warnings,  changes  in  over- 
head structures  and  wire  lines      .     .        12.0 

2.  Changes  in  signal  systems     .        20.0 

b.  Contingencies  .......        20.0 

c.  Engineering,  design,  supervision  and 
administration 10.0 

d.  Interest,  insurance  and    taxes  during 
construction,  1.75  per  cent  per  annum,  for 

6  years ....        10.5 

3.  Work  of  rather  definite  character  which 
will  continue  to  the  completion  of  the  period  of 
construction,  including  power  station  and  equip- 
ment,    substations    and    equipment,    switching 
stations,  locomotives  and   cars.     For    these  the 
allowances  will  be  as  follows: 

PER  CENT 

a.  Extensions  to  cover  growth  from  De- 
cember 31,    1912,  to    December  31,    1922, 
based  upon  increase  in  cnrr^y  requirements 
as  determined  from  the  estimated  growth  of 
traffic 30.0 

b.  Contingencies 10.0 

c.  Engineering,   design,  supervision  and 
administration : 

1 .  Power  station  and  substation  build- 
ings and  equipment     10.0 

2.  Locomotives,  cars,  work  and  inspec- 
tion equipment 5-° 

d.  Interest,  insurance  and  taxes  during 
construction,  1.75  per  cent  IRT  annum,  for 

6  years 10.5 

4.  Values  of  terminal  facilities  to  be  aban- 
doned and    of  steam  rolling  equipment   to  be 
released    as   determined    for    1912.     These  are 
subject  to  an  extension  to  cover  growth  only,  as 
follows : 

PER    CENT 

o.  For  terminal  facilities  to  be  aban- 
doned, to  cover  growth  for  4  years  from 
1912  to  1916,  at  3  per  cent  per  annum  .  12.0 

b.  For  steam  rolling  equipment  to  be  re- 
leased, to  cover  growth  for  7  years  from 
1912  to  1919,  at  3  per  cent  per  annum  .  21.0 

2 1 2.1  o  Land :  Except  in  the  case  of  land  as  a 
site  for  a  central  power  station  and  of  land  for 
transfer  yards,  it  has  been  assumed  that  there  will 
be  neither  cost  nor  credit  arising  from  transfers 
of  real  estate. 

The  removal  of  steam  locomotive  terminals 
from  the  territory  to  be  electrified  makes  available 
certain  areas  which  may  be  sold  or  put  to  other 
uses  by  the  railroad  companies  owning  them;  on 
the  other  hand,  the  necessity  for  establishing 
substations,  inspection  sheds  for  locomotives  and 
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multiple-unit  equipment,  and  other  structures 
incident  to  electric  operation  will  require  land 
which  in  many  cases  is  not  now  available.  While 
transfers  of  land  will  necessarily  be  involved  in 
any  large  scheme  of  electrification,  it  has  been 
assumed  that  the  credits  will  equal  the  debits 
and  that  in  determining  costs  no  account  need 
be  made  of  such  transactions.  As  already  noted, 
exceptions  are  made  in  the  case  of  land  for  a 
central  electric  power  generating  station  and  in 
that  of  land  which  will  be  required  for  the  estab- 
lishment of  transfer  yards  at  the  termini  of  the 
electrified  trackage. 

2 1 2. 1 1  Cost    of    Interference    with    Traffic: 
The  process  of  developing  extensive  betterments 
along  the  right-of-way  of  railroads  must  proceed 
in  such  a  manner  as  to  avoid  interference  with 
traffic;  or,  if  traffic  is  to  be  subject  to  delay,  the 
increased    operating    costs    resulting    from    such 
delay  should  constitute  a  charge  against  the  costs 
of  the  betterment.     In  the  development  of  these 
estimates  it  is  assumed  that  traffic  movements 
will   not  be   materially   hindered   and   that  the 
entire  burden  of  cost  imposed  by  local  conditions 
will  be  borne  by  the  work  under  construction. 

212.12  Trial  Running:    Experience  has  shown 
that,  as  a  preliminary  to  the  regular  operation  of 
any   considerable   electric   railroad   system,   time 
must  be  taken  in  which  to  train  employes  in  the 
handling   of   new   equipment    and   in   which    to 
perfect  all  the  various  details  incident  to  the  new 
procedure.     The  process  is  one  which  involves  the 
constant  movement  of  equipment  under  prospec- 
tive   schedules    without    revenue    passengers    or 
freight.     The  duration  of  this  experimental  period 
of  operation  will  depend  upon  the  magnitude  and 
complexity  of  the  operations  involved,  and  its 
cost  must  stand  as  a  charge  against  electrification. 
In  the  development  of  the  estimates  which  follow, 
no  separate  item  has  been  entered  to  cover  the 
cost   of   preliminary  or  experimental    operation, 
since  it  is  assumed  that  the  contingency  factor 
will  cover  this  item. 

212.13  Changes    in    the    Existing    Facilities: 
The  estimates  are  designed  to  cover  all  changes  in 
the  existing  railroad  facilities  necessary  to  the 
admission  of  electric  operation.     In  providing  for 
such  changes  it  has  been  assumed  that  facilities 
affected   will  be  replaced  in  kind;   that  if  the 
necessity  for  a  change  is  made  the  occasion  for 


introducing  a  substantial  betterment  to  an  exist- 
ing facility,  the  cost  of  the  betterment  will  not 
constitute  a  charge  against  electrification.  For 
example,  the  estimates  provide  for  the  recon- 
struction of  all  existing  signals  to  make  them 
operative  in  the  presence  of  the  traction  currents 
incident  to  electric  operation.  It  is  probable  that 
a  road  having  signals  which  are  old  or  unsatis- 
factorily located  may  object  to  the  reconstruction 
of  its  old  system  on  the  ground  that  it  will  be 
better  policy  to  provide  an  entirely  new  installa- 
tion of  signals.  New  signals,  however,  would 
constitute  a  material  betterment  in  an  existing 
facility,  and  that  portion  of  the  cost  in  excess  of 
the  cost  of  changing  existing  signals  is  not  regarded 
as  a  proper  charge  against  electrification.  Again, 
a  road  having  insufficient  facilities  for  the  accom- 
modation of  steam  locomotives  within  the  city 
will,  in  removing  such  facilities  to  points  outside 
the  city,  be  inclined  to  create  upon  the  new  site 
a  much  better  establishment  than  it  abandons. 
While  the  estimates  recognize  a  certain  degree  of 
freedom  in  the  development  of  such  matters,  the 
principle  which  has  controlled  requires  the  re- 
established facility  to  respond  to  the  standards 
which  characterize  the  facility  abandoned.  To 
do  more  than  this  would  involve  providing  a 
steam  facility  betterment  at  the  expense  of  elec- 
trification. 

212.14  Responsibility  for  Changes:      In  pre- 
senting the  costs  of  changes  to  overhead  structures 
and  wire  lines  (sections  213.073  to  213.080),  no 
attempt  has  been  made  to  segregate  by  owner- 
ship   the    costs    of    the    facilities    requiring    the 
change      All  such  costs  are  a  necessary  part  of 
the  cost  of  electrification,  but  nothing   in    this 
presentation  should   be  construed   as   indicating 
the  degree  to  which  the  railroads  are  responsi- 
ble for  the  costs  of  such  changes. 

212.15  Ownership  of  Tracks:      The  trackage 
to  be  electrified  includes  a  considerable  mileage 
(6.7  per  cent  of  the  total)  owned  by  industries. 
In  determining  those  factors  of  the  cost  of  elec- 
trification   which    are    direct    functions    of    the 
trackage  involved,  such  as  the  contact  system, 
bridge  warnings  and  return  circuit,  the  cost  for  the 
different  classes  of  track  on  the  basis  of  conditions 
existing  in  1912  has  been  determined  separately. 
From    these    segregations,   the    relative    cost    of 
equipping  privately  owned  tracks  may  be  noted. 
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This  apportionment,  however,  has  not  been  carried 
forward  in  the  accounting.  The  costs,  as  pre- 
sented in  the  several  summaries,  do  not  differen- 
tiate between  the  cost  of  equipping  privately 
owned  tracks  and  that  of  equipping  those  owned 
by  railroads. 

212.16  Significance  of  Any  Basis  Governing 
Costs:  Any  basis  governing  estimates  of  costs 
constitutes,  in  effect,  a  specification  of  work  to  be 
done  and  of  the  manner  in  which  it  is  to  be  done. 
The  specifications  of  this  chapter  and  of  those 
immediately  preceding  constitute  such  a  basis. 

The  process  of  developing  this  basis  has  involved 
the  settlement  of  many  debatable  questions.  In 
arriving  at  its  conclusion,  the  Committee  has 
necessarily  been  controlled  by  certain  fundamental 
conceptions  the  significance  of  which  has  been 
fully  discussed.  With  reference  to  details,  the 
Committee  also  has  sought,  as  a  basis  for  its  de- 
cisions, to  secure  the  fullest  information  possible 
covering  conditions  peculiar  to  individual  roads. 
Notwithstanding  the  care  that  has  been  taken,  it  is 
unlikely  that  all  the  decisions  are  such  as  would 
have  been  reached  by  the  officers  of  the  roads  in- 
volved. If  electrification  is  to  proceed,  individual 
interests  will  operate  to  introduce  modifications  in 
the  extent  of  the  undertaking  and  in  the  procedure 
by  which  it  is  put  into  effect.  The  introduction 
of  any  modification  will  probably  affect  costs. 

The  fact  which  it  is  sought  to  emphasize 
concerns  the  dependence  of  the  estimates  which 
follow  upon  the  basis  which  is  herein  set  forth. 
Such  estimates  can  be  of  value  only  in  so  far 
as  the  basis  upon  which  they  have  been  developed 
is  approved  and  accepted  by  those  who  control 
the  properties  affected. 


212.17  Cost  of  Electrification  Not  a  Complete 
Measure  of  the  Investment  which  must  be  Made : 
Experience  has  shown  that  the  development  of 
any  considerable  undertaking  designed  to  improve 
the  character  of  an  existing  facility  opens  the  way 
for,  or  must  be  preceded  by,  other  changes.  The 
electrification  of  the  railroad  terminals  of  Chicago 
constitutes  an  expensive  improvement.  It  should 
not  be  undertaken  until  all  necessary  changes 
in  the  existing  facilities,  though  not  imme- 
diately in  prospect,  shall  have  been  made.  For 
example,  a  railroad  possessing  a  complicated 
arrangement  of  tracks  which  might  be  simplified 
will  find  it  desirable  to  correct  the  obvious  fault 
as  a  preliminary  to  the  electrification  of  its  tracks. 
The  railroad  terminals  of  Chicago1  as  they  now 
exist  have  been  developed  as  a  result  of  a  process 
of  growth.  As  a  consequence,  they  present  many 
unsatisfactory  conditions  which,  in  the  interest  of 
economical  operation,  will  in  time  be  remedied. 
With  electrification  in  prospect  such  changes 
cannot  wisely  be  deferred.  They  must  be  made 
prior  to  the  investment  for  electrification. 

A  discussion  of  these  precipitated  costs  and  of 
those  due  to  departures  from  the  Committee's 
plans  is  reserved  for  later  presentation  (sections 
213.110  to  213.116).  The  present  purpose  is  to 
define  them 'and  to  make  clear  the  fact  that  the 
basis  of  estimates  does  not  provide  for  them. 
Their  omission  from  the  Committee's  accounting 
obviously  cannot  operate  to  protect  the  railroad 
companies  from  the  investment  which  they  will 
entail,  and  as  a  consequence  the  additions  to 
capital  which  will  attend  the  process  of  electrifi- 
cation will  be  in  excess  of  the  cost  of  electrifi- 
cation as  hereinafter  set  forth. 


213.   THE  ESTIMATED  COST  OF  COMPLETE  ELECTRIFICATION 


SYNOPSIS:  This  chapter  presents  the  Committee's  estimates  of  the  cost  of  equipping  the 
Chicago  railroad  terminals  for  electric  operation.  The  direct  cost  of  electrification  includes  the  cost 
of  new  facilities  and  of  changes  in  existing  facilities  made  necessary  by  the  proposed  change 
from  steam  to  electric  operation.  Other  costs,  such  as  those  arising  from  departures  from  the  Com- 
mittee's plan  or  such  as  may  be  precipitated  by  electrification,  are  discussed.  The  estimates  cover 
three  systems  of  electric  traction,  namely,  n,ooo-volt  alternating  current  overhead  contact,  2,400- 
volt  direct  current  overhead  contact  and  6oo-volt  direct  current  third  rail  contact.  Those  for  the 
two  overhead  contact  systems  are  presented  in  detail  for  the  entire  terminal;  those  for  the  third  rail 
system  are  presented  for  a  single  road  only,  but  in  such  form  as  to  supply  the  basis  upon  which 
the  cost  of  third  rail  electrification  for  the  entire  terminal  is  determined. 


213.001  Scope  of  the  Estimates:  The  basis 
of  the  Committee's  estimates  of  cost  has  already 
been  presented  (chapter  212).  The  complete  esti- 
mates' of  the  cost  of  electrification  as  thus  estab- 
lished may  now  be  set  forth.  They  include  the 
cost  of  power  station,  transmission  system,  sub- 
stations, contact  system,  electric  rolling  equip- 
ment and  all  other  elements  which  go  to  make  up 
the  proposed  electric  establishment  as  a  means 
in  smoke  abatement;  they  include  the  cost  of 
certain  definite  changes  in  existing  facilities 
which  are  essential  to  the  use  of  the  electric 
equipment  and  structures;  and  they  consider 
also  an  allowance  covering  credits  which  will 
arise  through  the  release  for  service  elsewhere  of 
equipment  now  used  in  Chicago  but  which  after 
electrification  will  no  longer  be  needed  there. 
All  such  items  can  be  evaluated ;  and  their  sum- 
mation (section  213.139)  constitutes,  for  the 
purposes  of  this  report,  the  total  direct  cost  of 
electrification. 

The  financial  burden  imposed  by  electrification 
is  greater  than  the  amount  covering  direct  costs, 
for  the  reason  that  the  railroads,  in  the  event 
electrification  is  required,  will  consider  their  in- 
dividual interests  and  will  probably  depart  from 
the  plans  formulated  by  the  Committee,  develop- 
ing plans  more  extensive  or  proceeding  by  methods 
which  may  prove  more  costly.  Electrification  also 
will  precipitate  changes  and  betterments  which 
otherwise  might  be  long  deferred.  The  nature 
and  extent  of  these  departures  from  and  addi- 
tions to  the  plans  of  the  Committee  will  be  here- 
inafter discussed  (sections  213.110  to  213.116). 


The  financial  burden  they  will  impose  will  consti- 
tute certain  indeterminate  costs  due  to  electri- 
fication. Extending  this  interpretation,  it  is  ap- 
parent also  that  Chicago's  claim  to  the  benefits 
of  electrification  are  in  no  way  different  from 
those  which  might  be  urged  by  many  other 
cities  with  which  Chicago  railroads  connect,  and 
that  compulsory  electrification,  if  achieved  for 
Chicago,  may  in  due  time  be  secured  by  all 
of  the  larger  cities  of  the  country.  The  cost, 
therefore,  which  might  be  imposed  upon  the  rail- 
roads as  a  whole  by  the  compulsory  electrifica- 
tion of  Chicago's  railroad  terminals  would  be  a 
small  fraction  of  the  total  expense  which  might 
ultimately  be  imposed  upon  the  railroads. 

The  present  purpose  will  be  served  if  the  fact  is 
made  clear  that  the  estimates  of  direct  cost  which 
follow  cover  only  those  details  which  are  provided 
for  in  the  plans.  They  are  not  a  complete  measure 
of  the  financial  burden  which  electrification  will 
impose. 

THE  DIRECT  COST  OF  ELECTRIFICATION 

213.002      Direct    Cost  of  Electrification:     As 

a  matter  of  convenience  in  developing  the  esti- 
mates of  cost,  the  whole  problem  of  electrification 
has  been  divided  into  a  series  of  studies,  each  one 
of  which  has  been  developed  separately  for  di- 
rect current  and  for  alternating  current  overhead 
contact  systems.  The  problem  of  electrification 
by  a  direct  current  third  rail  system  has  been 
developed  for  a  single  road,  and  results  thus 
obtained  have  been  extended  to  cover  the  entire 
terminal.  The  subjects  of  the  several  studies  are : 
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1 .  Power  station. 

2.  Transmission  system. 

3.  Substations. 

4.  Switching  stations. 

5.  Overhead  contact  system. 

6.  Bridge  warnings. 

7.  Return  circuit. 

8.  Prevention  of  inductive  effects  and  elec- 
trolysis. 

9.  Telephone  system. 

10.  Electric  locomotives,  multiple-unit  equip- 
ment, work  and  inspection  equipment. 

1 1 .  Spare  parts. 

12.  Alterations  to  bridges  and  buildings. 

13.  Changes  in  wire  lines. 

14.  Changes  in  signal  systems. 

15.  Removal  and   re-establishment  of  steam 
locomotive  terminals. 

1 6.  Rolling  equipment  released. 

17.  The  estimated  cost  of  electrification    by 
systems. 

1 8.  A  summary  of  direct  costs. 

Each  one  of  the  studies  concludes  with  an 
estimate  of  cost  (or  credit)  segregated  by  roads. 
The  basis  employed  for  the  segregation  in  each 
case  is  either  evident  or  stated. 

I'OWER   STATION 

213.003  General  Considerations:  The  electric 
power  required  to  operate  the  railroad  terminals 
of  Chicago  may  be  secured  in  several  different 
ways.  Reference  has  been  made  (section  208.08) 
to  the  possibility  of  securing  it  by  purchase.  It 
is  the  present  purpose  to  present  the  results  of 
a  study  of  installation  costs  based  upon  the 
premise  that  the  railroads  will  provide  their 
own  source  of  power. 

While  the  amount  of  power  to  be  generated 
is  sufficient  to  justify  the  establishment  of  two 
or  more  stations,  providing  other  considerations 
make  such  a  procedure  desirable,  experience  else- 
where has  shown  that  single  power  stations,  if 
of  large  capacity,  can  be  made  entirely  reliable 
as  a  source  of  uninterrupted  power.  There  are, 
moreover,  certain  minor  advantages  affecting 
both  first  cost  and  operating  expenses  which  are 
favorable  to  the  choice  of  a  single  generating 
station  rather  than  of  two  or  more  stations,  the 
combined  capacity  of  which  will  equal  that  of 
the  single  station. 

The  location  of  any  large  power  station  must  be 
determined  with  reference  to  the  work  to  be  done. 
Transmission  problems  are  simplified  if  the  source 
of  power  can  be  near  the  point  or  points  of  power 
consumption.  A  power  station,  also,  must  be  near 


an  abundant  supply  of  water,  and  its  location 
must  permit  of  the  development  of  transportation 
facilities  to  serve  in  the  handling  of  fuel  and  ash. 

These  related  questions,  as  they  apply  to  the 
problem  of  developing  a  source  of  power  which  will 
serve  in  the  operation  of  the  railroads  of  Chicago, 
have  all  been  carefully  studied.  The  conclusion 
has  been  reached,  that  a  single  power  station, 
located  near  the  south  branch  of  the  Chicago 
River  in  the  vicinity  of  Ashland  Avenue,  would 
satisfactorily  meet  all  requirements.  The  load 
center  of  the  power  requirements,  under  the  plan 
of  electrification  as  already  defined,  falls  within 
the  limits  of  the  Union  Stock  Yards.  The  loca- 
tion indicated  is  not  far  removed  from  this  point 
and  is  such  as  satisfies  other  requirements  of 
the  problem. 

213.004  Station  Characteristics  and  Load:  It 
has  been  assumed  that  the^  particular  site  which 
will  be  selected  will  be  fairly  level,  and  that  the 
nature  of  the  soil  will  be  such  as  to  require  all 
building  and  machine  foundations  to  be  carried  on 
piles  of  from  30  to  40  feet  in  length.  Proceeding 
from  these  assumptions,  a  power  station  has  been 
laid  out  providing  for  a  steam  turbine  room  with 
a  gallery  along  one  side  to  accommodate  the 
switching  requirements  of  the  plant,  the  step-up 
transformers  and  the  substation  apparatus.  The 
boiler  room  is  on  the  side  opposite  this  gallery. 

The  boiler  section  of  the  plant  provides  for 
boilers  on  two  floors,  with  pumps  and  other 
facilities  at  the  ground  level  below.  The  boilers 
are  arranged  with  firing  aisles  at  right  angles  to 
the  turbine  room,  there  being  four  such  aisles 
and  three  2so-foot  chimneys.  Estimates  have 
been  based  upon  the  use  of  water-tube  boilers 
of  6so-horse-power  capacity  each,  equipped  with 
automatic  stokers  capable  of  operating  the  boil- 
ers at  a  rating  of  from  200  to  240  per  cent  of 
normal  rating,  the  peak  loads  requiring  operation 
at  a  rating  of  200  per  cent.  Coal  bunker  capacity 
provides  for  two  weeks'  supply,  and  the  plant 
is  equipped  with  all  necessary  coal  conveying, 
elevating  and  crushing  machinery  for  receiving 
coal  by  rail  or  by  water. 

The  turbine  room  will  accommodate  seven  steam 
turbine  generating  units.  Each  turbine  is  of  the 
single  unit  type  operated  at  1,500  revolutions  per 
minute.  The  turbines  will  exhaust  into  con- 
densers, the  cooling  water  for  which  will  be  taken 
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from  and  discharged  into  suitable  tunnels  run- 
ning the  length  of  the  turbine  room  and  termi- 
nating at  the  waterfront,  where  suitable  gates  and 
screens  will  be  provided  on  the  intake  side. 

The  generators  are  to  be  of  the  n.ooo-volt, 
three-phase  type.  The  transformers  will  raise  the 
generator  voltage  to  33,000  volts.  The  switch- 
ing, both  at  11,000  volts  and  33,000  volts,  will 
be  accomplished  by  means  of  high  capacity  oil 
switches,  those  for  the  feeders  to  be  of  the  react- 
ance type. 

The  details  of  the  power  station  design  for  both 
the  2,4oo-volt  direct  current  and  the  u,ooo-volt 
alternating  current  systems  of  traction  are-  the 
same  in  all  essential  characteristics  affecting 
design  and  arrangement  of  parts,  the  only  dif- 
ference being  that  the  33,ooo-volt  secondaries  of 
the  transformers  are  to  be  connected  three-phase 
for  the  direct  current  system  and  two-phase  for 
the  alternating  current  system.  For  the  former 
the  transmission  will  be  three-phase,  and  for  the 
latter  single-phase  but  with  feeders  so  grouped 
that  the  load  will  approximately  be  divided 
equally  between  the  two  phases  of  the  trans- 
formers. It  is  believed  that,  with  the  large  and 
diversified  train  movements  to  be  handled,  this 
arrangement  will  insure  a  practical  balancing  of 
the  load  on  the  three  phases  of  the  generator. 

For  the  direct  current  system  the  average  power 
station  load  for  the  maximum  hour  is  approx- 
imately 125,000  kilowatts,  with  an  estimated 
power  factor  of  95  per  cent,  and  for  the  alternat- 
ing current  system  the  load  is  approximately 
8  per  cent  less,  or  115,000  kilowatts,  with  an 
estimated  power  factor  of  70  per  cent.  This 
difference  of  8  per  cent  in  the  output  of  the 
station,  assuming  the  use  of  the  2, 400- volt  direct 
current  system  or  that  of  the  1 1,000- volt  alternat- 
ing current  system,  is  not  sufficient  to  justify  a 
difference  in  the  kilowatt  rating  of  the  generator 
units  installed.  Estimates  are  therefore  based 
upon  the  assumption  that  seven  2o,ooo-kilowatt 
steam  turbine  generating  sets  will  be  required  in 
both  plants,  or  an  installed  capacity  of  140,000 
kilowatts,  based  on  the  usual  maximum  con- 
tinuous rating.  This  allows  the  plant,  assuming 
the  use  of  either  system,  one  spare  unit.  In  the 
boiler  plant,  however,  where  the  total  power  is 
made  up  of  a  large  number  of  comparatively  small 
units,  the  capacity  of  the  units  has  been  adjusted 


to  the  load  requirements  with  proj>er  allowance 
for  spares  in  both  cases.  The  power  station 
characteristics  and  load,  assuming  the  use  of  the 
2,4oo-volt  direct  current  system  of  traction  and 
also  that  of  the  1 1 ,000- volt  alternating  current 
system  of  traction,  are  set  forth  by  table  CCLVI 1 1 . 

TABLE  CCLVIII.    POWER  STATION  CHARACTERISTICS  AND  LOAD 

l  Ba-sts  «,f  t<)t  21 


llcm 

1'eak  load,  one  hour,  kw.  ... 

1  >   <     System 
1  '.",  7<K> 

11.  000-  Volt 

\     (       <v«lclr, 
1  14  *MH) 

Kittimatcd  power  factor  of  load,  per  cent 
Ixmd  factor,  per  cent  

'  85 
62.5 
|  ggft  300 

'  70 
«4.2 
1  7fto  201) 

'  >iitptit  per  year,  kw-hr. 

nno  495  ooo 

oioon.t  200 

7 

One  hour  continuous  capacity  of  unit.  kw.  . 
Maximum   overload  capacity,  kw    JM-I  unit 
Hating  of  six  units  in  service  on   maximum 
load,  kw  

20,000 
27,000 

120,000 

20.000 
27,000 

120000 

Loading    of    generators    during   maximum 
hour,  per  cent  

111.-, 

96  i 

140000 

140  OOO 

Installed   capacity  of  step-up   transformers, 
kv-a  

96000 

112  (XX) 

Maximum     capacity    of    transformers     for 
five  minutes,  per  cent  overlo»d 

200 

200 

213.005  Estimates  of  Costs  of  Power  Station 
on  the  Basis  of  the  Requirements  of  1912,  Ex- 
cluding all  Allowances  for  Contingencies  and 
for  Engineering:  Based  upon  the  lay-out  of  the 
plant  already  described  and  upon  facts  otherwise 
available,  an  estimate  has  been  made  of  the  costs 
of  the  power  station  as  designed  to  serve  a  2,400- 
volt  direct  current  system  of  traction,  and  also 
of  a  similar  station  designed  to  serve  a  11,000- 
volt  alternating  current  system.  The  estimates 
of  costs,  excluding  all  allowances  for  contingencies 
and  for  engineering,  are  shown  by  table  CCLIX. 

TABLE  CCLIX.     ESTIMATED    COSTS   OF  POWER    STATION.    EX- 
CLUDING   ALL    ALLOWANCES    FOR     CONTINGENCIES 
AND  FOR  ENGINEERING 
(Basis  of  101.2) 


Item 


2,400-Volt 
D.  C.  System 


Real  estate,  foundations,  intake  anil  <li» 
charge  tunnels  and  building  complete .  .  . 

Boilers,  stokers,  pumps,  piping,  flueu,  chim- 
neys, coal  and  ash  handling  plant,  and 
other  boiler  plant  accessories | 

Turbine  units,  condensers,  switchboard.*. 
exciters,  step-up  transformers,  crane,  and 
other  turbine  room  accessories j 


Totils 


Sl.931,000 


i  no 


2.2IW.OOO 
JM.876.000 


11. 000- Volt 

A.  C.  Sv-tem 

$1.931.000 
1.. 17 1.000 

2.425.000 
$0.927.000 


It  is  of  interest  to  note  that  the  costs  shown 
by  these  estimates,  as  based  upon  an  installed 
capacity  of  140,000  kilowatts,  are  $41.97  and 
$42.34  per  kilowatt,  respectively.  The  amount 
is  substantially  the  same  for  both  systems.  If  an 
amount  of  10  per  cent  is  added  for  contingencies 
and  10  per  cent  for  engineering,  the  cost  becomes 
approximately  $50.00  in  both  cases.  Such  addi- 
tions are,  however,  matters  for  which  provision  is 
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hereinafter  made.  It  should  be  noted  that  in 
arriving  at  a  kilowatt  cost  the  same  rating  is 
assumed'  for  both  plants,  notwithstanding  the 
fact  that  there  is  less  boiler  capacity  in  the  plant 
designed  to  serve  the  alternating  current  than  in 
that  designed  to  serve  the  direct  current  system. 
213.006  Estimated  Total  Cost  of  Power  Sta- 
tion :  The  estimated  total  cost  of  the  power  station 
for  the  electric  operation  of  the  Chicago  railroad 
terminals  is  based  upon  the  cost  of  labor  and 
materials  as  determined  for  the  year  1912,  ex- 
tended in  a  manner  normal  to  these  estimates 
(chapter  212),  the  factors  of  extension  in  this  case 
being  as  follows: 


TABLE  CCLX.     ESTIMATED  TOTAL  COST   OP  POWER  STATION 
INCLUDING  REAL  ESTATE.  BUILDING  AND  EQUIPMENT. 

BY  ROADS 
(Dec.  31.  loaa) 


PER  CENT 

30.0 
1 0.0 
IO.O 


1 .  To  cover  growth  in  traffic  and  mileage  of  railroads, 
December  31,  1912,  to  December  31,  1922    .      .      . 

2.  Contingencies 

3    Engineering,  design,  supervision  and  administration 
4.  Interest,  insurance  and  taxes  during  construction, 

1.75   per   cent  per  annum,  for   6   years,   Decem- 
ber 31,  1916,  to  December  31,   1922     ....  10.5 

The  values  thus  derived  may  be  accepted  as 
the  total  cost  on  the  basis  of  the  requirements  of 
1922.  This  cost  has  been  divided  among  the 
several  railroads  to  be  served,  on  the  basis  of  the 
energy  requirements  for  the  maximum  hour. 

The  estimated  total  cost,  by  railroads,  of  the 
power  station,  including  real  estate,  building  and 
equipment,  is  set  forth  for  both  the  2, 400- volt 
direct  current  system  and  the  n,ooo-volt  alter- 
nating current  system  by  table  CCLX. 

The  fact  should  be  emphasized  that  the  power 
station  costs  as  exhibited  by  railroads  in  table 
CCLX  merely  represent  the  share  of  the  several 
roads  in  the  cost  of  a  single  station  designed  to 
serve  all  alike.  If,  in  the  actual  development 
of  electrification,  the  individual  roads  should 
prefer  to  provide  individual  power  stations,  the 
costs  would  be  in  excess  of  those  set  forth. 
The  increase,  especially  for  the  smaller  roads, 
would  .be  material. 

TRANSMISSION  SYSTEM 
213.007  General  Considerations:  With  both 
the  2,4oo-volt  direct  current  system  and  the 
1 1 ,000- volt  alternating  current  system,  trans- 
mission lines  will  be  required  for  the  distribution 
of  power  from  the  power  station  to  substations 
located  throughout  the  electrified  district.  Esti- 
mates of  the  cost  of  the  transmission  systems 


BaOmd 

2.400-Vult 
D.  C. 

11.000-Volt 
A.  C. 

Atchison.  Topeka  A  Santa  Fe  Ry. 

t  123.583 

S  124  066 

Baltimore  A  Ohio  R.  R  

l.vi  u- 

161,441 

Baltimore  A  Ohio  Chicago  Terminal  R.  R. 
Calumet,  Hammond  A  Southeastern  R.  R  

Chesapeake  &  Ohio  Ry  of  Indiana 

IM4M 
U.299 

32,683 

194,710 
14.423 

32907 

Chicago  A  Alton  R.  R".  

1  k8,OM 

149,381 

Chicago  A  Calumet  River  R  R                       .    . 

13.277 

1:1  :•;'>.( 

Chicago  A  Eastern  Illinois  R.  R  

17i.  •.<..•; 

17s  -JO 

Chicago  A  Erie  R.  R  

82,729 

83,447 

Chicago  A  North  Western  Ry  

2,191,808 

2,210831 

Chicago  A   Western   Indiana  R.    R.   and   ihr 
Belt  Railway  of  Chicago 

640,612 

062,123 

.-•t  sn 

609886 

Chicago  Great  Western  R.  R  

*_•  :.••.' 

83,447 

Chicago,  Indiana  A  Southern  R.  R  

i.j.  .<>.• 

l.-'.sIX 

98.049 

98,900 

HI  |M 

i'-,s  :.sa 

Chicago,  Milwaukee  A  St.  Paul  Ry         

768300 

705,448 

Chicago  River  A  Indiana  H.  R.*  .  . 

Chicago,  Rock  Island  A  Pacific  Ry  

:>i«  7s:t 

.M.s  t,7li 

Chicago  Short  Lane  Ry  ".  

u.  _•:.'. 

12,363 

Chicago  Union  Transfer  Ry.t  

Chicago,  West  Pullman  A  Southern  R.  R. 

39.832 

40.178 

Klgin,  Joliet  A  Eastern  Ry  

236,931 

237,979 

Grand  Trunk  Western  Ry 

i  ,;  7M 

l.ij  s'.i7 

Illinois  Central  R.  R. 

1,124.502 

1,134,201 

Illinois  Northern  Ry.    . 

:•'••  7s.-. 

Indiana  Harbor  Belt  R.  R.  

-.7.-.,. 

si   177 

Lake  Shore  A  Michigan  Southern  Ry 

075,110 

l.sn  ill  ,y 

Michigan  Central  R.  R  

222,063 

•."-•  1  .'.si; 

Minneapolis,  St.  Psul  A  Sault  Hu.  Marir  Ry 
New  York.  Chicago  A  St.  I.oui..  1: 
Peie  Marquettc  R.  R  

-.'..171 
126,020 
101,113 

50,06] 

126,710 

11  H  !«!'! 

Pittsburgh,  Cincinnati.  Chicago  A  St.  Louin  Ry 
Pittsburgh,  Fort  Wayne  A  Chicago  Ry 

313,553 

Mil  i,:i7 

316,275 

1.1  HI   SV, 

Pullman  Railroad  .  .  "      T. 

.'  .   I'M 

n  '>''•"' 

•:,.•!.' 

-'    .'I    INI'I 

Totals.  .  .                                               

•in.:;- 

$111..  .1 

•  Included  in  the  estimates  for  the  Chicago  Junction  Railway. 

t  Included  in  the  estimates  for  the  Chicago  ft  Western  Indiana  Railroad. 

required  are  based  upon  the  following  general 
specifications : 

1.  33,000  volts  on  all  circuits. 

2.  Duplicate  circuits  between  the  power  station 
and  all  substations. 

3.  Interconnection  of  substations  with  trans- 
mission lines  to  a  reasonable  extent. 

4.  Overhead  open  wire  construction  located  on 
the  rights-of-way  of  the  railroads. 

5.  Three-phase  circuits  for  the  2,4oo-volt  sys- 
tem and  single-phase  circuits  for  the  1 1 ,000- volt 
system. 

6.  Supporting  the  transmission  conductors  on 
the  structures  of  the  contact  system. 

213.008  Character  of  Transmission  Circuits: 
The  efficiency  of  a  transmission  system  may  be 
developed  to  almost  any  desired  limit  by  pro- 
viding sufficient  conductor  material.  The  de- 
signs selected  for  the  basis  of  the  estimates  provide 
high  efficiency  of  transmission  with  reasonable 
economy  of  material.  It  has  been  considered 
desirable,  in  order  to  secure  adequate  mechanical 
strength,  to  limit  the  minimum  size  of  any  con- 
ductor to  No.  i  A.  W.  G.  copper  cable.  The 
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required  sizes  for  transmission  wires  were  deter- 
mined by  assuming  the  use  of  circuits  of  No.  i 
wire  from  the  power  station  to  the  substations 
and  then  combining  the  several  parallel  circuits, 
when  desirable,  into  duplicate  circuits  of  larger 
wire  having  practically  equivalent  combined 
cross-section.  This  procedure  provides  an  effi- 
ciency of  the  transmission  system  of  98.5  per  cent 
for  the  2, 400- volt  direct  current  system  and  of 
98.1  per  cent  for  the  n,ooo-volt  alternating  cur- 
rent system. 

The  routes  and  make-up  of  the  transmission 
circuits  are  shown  for  the  2,40o-volt  direct  current 
system  by  fig.  626  and  for  the  ir,ooo-volt  alter- 
nating current  system  by  fig.  627. 

As  previously  stated,  duplicate  circuits  are  to 
be  provided  between  the  power  station  and  each 
substation.  The  lay-out  also  provides,  when 
feasible,  for  separate  routes  for  these  duplicate 
lines.  When  duplicate  circuits  are  to  be  run 
along  the  same  right-of-way,  they  are  to  be  car- 
ried on  opposite  sides  of  the  tracks. 

The  total  length  and  weight  of  various  sizes 
of  wire  required  in  the  make-up  of  the  transmis- 
sion systems  for  the  two  overhead  contact  sys- 
tems of  traction  are  shown  by  tables  CCLXI  and 
CCLXII. 

TABLE  CCLXI.     TRANSMISSION    WIRE   REQUIRED  FOR  THE 
2.400-VOLT  D.  C.  SYSTEM 
(Basis  of  1912) 


No.  (A.  W.  0.) 

Miles 

Pounds 

1 

307  5 

418,889 

00 

212  0 

460057 

000     

64  5 

176,410 

0000  

61.5 

212.042 

Totals 

ijl.i  .'i 

1  267  398 

Add  5  per  cent  for  sag,  special  crossings,  etc.  . 

32.5 

63.602 

Total*  

678.0 

1.331.000 

TABLE  CCLXII.     TRANSMISSION    WIRE    REQUIRED     FOR     THE 
ii.ooo-VOLT  A.  C.  SYSTEM 
(Basis  of  1912) 


No.  (A.  W.  O.) 

Miles 

Pounds 

1 

-m 

3.1J  000 

0     . 

46 

77,500 

00 

305 

436000 

000     

59 

158,500 

0000 

39 

132000 

250.000  o.  m  

143 

583.000 

Total* 

'»)t 

1  939  000 

Add  5  per  cent  for  sag,  special  crossings,  etc.  . 

46 

97.000 

Totals  

850 

2.036.000 

Pin  type  insulators  are  to  be  used  for  carrying 
transmission  circuits  except  at  such  spans  as  are 
necessary  at  stations,  streets,  grade  crossings  and 
dead-ends  where  strain  insulators  are  to  be  used. 


213.009  Supporting  Structures:  The  steel  sup- 
porting structures  of  the  overhead  contact  system 
are  designed  for  the  joint  load  imposed  by  the 
catenary  contact  construction,  by  an  assumed 
standard  transmission  line  and  by  two  overhead 
ground  wires  (section  213.025).  The  standard 
transmission  line  will  consist  of  4  No.  i  A.  W.  G. 
wires  on  each  of  the  two  extensions  to  the  posts 
or  poles  at  ends  of  cross-span.  The  estimates 
of  cost  of  contact  system  therefore  include  the 
cost  of  a  considerable  amount  for  steel  and  con- 
crete chargeable  to  the  transmission  system.  No 
attempt  is  made  in  the  estimates  to  distribute 
this  amount  or  to  provide  credit  where  the  sup- 
porting structures  do  not  carry  transmission 
circuits. 

On  certain  sections,  where  the  transmission  line 
imposes  a  greater  load  than  the  assumed  standard 
for  which  the  supporting  structures  are  designed, 
it  is  necessary  to  provide  for  the  co&t  of  heavier 
structures  with  larger  foundations  and  special 
cross-arms.  This  additional  cost  is  included  in 
the  estimates  covering  the  transmission  system. 
The  2,4oo-volt  direct  current  system  and  the 
n,ooo-volt  alternating  current  system  will  re- 
quire 24.28  miles  and  19.75  miles,  respectively, 
of  overhead  supporting  structures  in  which  ad- 
ditional steel  and  concrete  will  be  necessary  to 
carry  the  additional  transmission  line  load. 
The  designs  for  the  structures  provide  for  the  sup- 
port of  the  lowest  transmission  wire  at  not  less 
than  3  7  feet  above  the  top  of  the  rail  at  the  struc- 
ture. Cross-arms  at  all  supports  are  to  be  of 
sufficient  length  to  furnish  a  minimum  spacing 
of  5  feet  for  transmission  wires. 

Independent  supporting  structures  are  to  be 
provided  for  the  transmission  lines  leaving  the 
power  station.  Such  independent  structures  are 
to  be  provided  also  at  points  where  the  multi- 
plicity of  wires  requires  supports  in  addition  to 
those  which  could  be  suitably  arranged  on  the 
catenary  supporting  structures,  and  where  other 
local  conditions  make  it  undesirable  to  use  the 
structures  of  the  contact  system.  There  are 
3.87  miles  of  this  construction  required,  the  route 
of  which  extends  from  the  proposed  power  station 
south  along  the  Chicago  Junction  Railway  and  east 
and  west  along  the  tracks  of  the  same  railroad 
under  the  structure  of  the  South  Side  Elevated 
Railroad.  The  structures  for  this  type  of 
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EXPLANATION 

Fbwer  Station 

O Substation 

Transmission  Circuit 


The  sizes  of  Transmission  Wres 
are  indicated  by  their  gage  numbers 

in  the  American  Wire  Gage,  or 

by  their  cross-sectional  area  in 

circular  mils. 


Evanston(4 
5 


Des  Plainest  6 


CHICAGO 

^> 

250000  CM 


downers' Grovel20 


Blue  Island  (25 


Aatteson  (31 


FIG.  627.   TRANSMISSION  CIRCUITS  FOR  THE  11,000-VOLT  A.  C.  SYSTEM 


848 


SMOKE  ABATEMENT  AND  ELECTRIFICATION  IN  CHICAGO 


construction  are  to  consist  of  steel  poles  with  con- 
crete foundations  designed  for  maximum  load  con- 
ditions. Poles  are  to  be  spaced  at  intervals  of 
300  feet  and  the  lowest  wire  is  to  be  supported 
30  feet  above  the  ground  at  the  pole,  which  will 
provide  a  minimum  clearance  of  25  feet  under 
maximum  sag  conditions. 

Crossings  of  transmission  lines  over  navigable 
waters  are  to  be  provided  for  by  the  use  of  steel 
towers  supporting  the  lowest  wire  at  a  minimum 
clearance  of  120  feet  above  high  water.  In  addi- 
tion to  the  transmission  wires,  these  towers  are 
to  support  ground  wires  and  the  necessary  trolley 
feed  wires  to  furnish  a  continuous  conductor 
for  the  contact  system  at  these  crossings.  The 
structure  designed  for  the  preparation  of  the 
estimates  is  approximately  145  feet  high,  and  is 
supported  on  concrete  foundations.  Steel  struc- 
tures and  foundations  are  also  necessary  at  both 
ends  of  bridge  draws  to  dead-end  the  contact  wire 
when  the  draw  is  open.  There  are  29  locations  in 
the  electrified  zone  where  provision  for  river  cross- 
ings must  be  made.  At  many  of  these  points 
there  will  be  no  transmission  lines,  the  towers 
being  provided  for  the  support  of  the  contact 
conductors  only,  but  the  costs  of  all  river  cross- 
ings have  been  included  as  a  part  of  the  esti- 
mated cost  of  the  transmission  lines. 

Another  type  of  crossing  for  which  special 
structures  are  to  be  provided  for  transmission 
lines  will  be  necessary  at  points  where  bridges 
cross  over  tracks  and  do  not  allow  sufficient 
clearance  for  the  transmission  wires.  The  esti- 
mates include  the  cost  of  yo-foot  steel  towers 
with  concrete  foundations  for  such  locations. 
These  will  provide  ample  clearance  for  wires  above 
the  obstructions.  There  will  be  19  such  cross- 
ings for  the  2, 400- volt  direct  current  system 
and  25  for  the  n,ooo-volt  alternating  current 
system. 

213.010  Ground  Cables:  The  ground  cables 
are  to  be  f-inch,  7 -strand,  double  galvanized 
Siemens- Martin  steel.  A  ground  wire  is  to  be 
provided  on  the  extensions  of  each  of  the  posts 
or  poles  of  catenary  supporting  structures  along 
main  tracks,  irrespective  of  whether  or  not  they 
are  to  support  transmission  circuits.  The  esti- 
mates also  provide  for  grounding  the  cables  at 
every  tenth  structure  with  ground  plates  and 
cable.  The  cost  of  all  ground  wire  construction 


is  included  in  the  estimates  covering  the  trans- 
mission system. 

213.011  Unit  Costs:  The  following  are  the 
unit  costs  of  material  and  labor  which  have  been 
used  in  the  estimates: 

UNIT  COST 

Base  price  of  copper  wire,  per  lb $    0.1775 

Insulator  and  pin,  each i.oo 

Strain  insulator,  each 225 

Labor  for  erecting  No.  I  and  No.  o  cable  and 

insulators,  per  mile 75 .00 

Labor  for  erecting  No.  oo  to  250.000  cir.  mils. 

cable  and  insulators,  per  mile     ....  100.00 

Ground  cable  erected,  per  mile 145 .00 

Steel  in  place  with  one  coat  of  paint,  per  lb.  0.04 

Concrete  in  place,  per  cu.  yd 12.00 

Cost  of  steel  and  concrete  in  independent 

transmission  pole  line,  per  mile     ....  5,000.00 
Steel     towers     where    bridges    cross    over 

tracks,  each 300.00 

The  estimated  costs  per  route  mile  for  the  ad- 
ditional concrete  and  steel  required  where  the 
standard  structures  for  the  contact  system  are 
not  sufficiently  heavy  to  carry  the  transmission 
lines,  are  shown  by  table  CCLXIII. 

TABLE  CCLXUI.     ESTIMATED  COSTS  PER  ROUTE  MILE.  OF 

EXTRA  CONCRETE   AND  STEEL   REQUIRED   IN   STANDARD 

STRUCTURES  TO  PROVIDE  FOR  TRANSMISSION  LINES 

(Buti  of  1911) 


flv*t«m 

M«ii 

i  Track 

Crow  Catenary 

Structural  Steel 

2.400-Volt  1)   < 

(300.00 

f  730.  00 

ll.OUO-Volt  A.  C  

100.00 

100.00 

The  estimated  costs  of  towers  and  extra  bridge 
steel  at  river  crossings  are  set  forth  by  table 
CCLXIV. 

213.012  Estimates  of  Costs  of  Transmission 
System  on  the  Basis  of  the  Requirements  of 
iQi2,  Excluding  all  Allowances  for  Contingencies 
and  for  Engineering :     The  costs  of  the  transmis- 
sion system  required  for  the  electric  operation  of 
the  Chicago  railroad  terminals,  including  that  of 
other  allied  items  grouped  for  convenience  under 
this  head  as  already  explained,  have  been  esti- 
mated   on  the   basis   of   the   lay-out    described. 
The  estimates  of  costs,  excluding  all  allowances 
for  contingencies  and   for  engineering,   for    the 
transmission  systems  required  for  the  2,4oo-volt 
direct  current  system   and    for   the   11,000- volt 
alternating    current    system,    are    presented    by 
table  CCLXV. 

213.013  Estimated  Total  Cost  of  Transmission 
System:      The  estimated  total  cost  of  the  trans- 
mission system  required  for  the  electric  operation 
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TABLE  CCLXIV.     ESTIMATED  COSTS  OP   TOWERS   AND   EXTRA 

BRIDGE  STEEL  AT  RIVER  CROSSINGS 

(Bui*  of  igia) 


V«mK*r 

Cost  of  Concrete  and  Steel 

rotal 

PlUADOr 

Towera 

Contact  Dead-End 

Cort 

1 

a 

3 

4 

1 

$3.228 

$1,230 

$  4.468 

2 

2,758 

847 

1^08 

3 

1,788 

847 

4 

1,788 

847                         1,906 

6 

1,338 

1.230                         IMS 

6 

3,212 

l.LMII 

4.442 

7 

3.228 

1,230 

1.4  18 

8 

3,228 

464                             3.602 

9 

3,212 

464                              I,«T8 

10 

2,758 

847                            3,605 

11 

2.758 

847                            3,605 

12 

2,66ti 

6,700 

13 

1,088 

3,252                             S.M8 

14 

8.238 

464                           8.8M 

15 

3,212 

464 

3.U76 

16 

aiwa 

3,252 

S.eOg 

17 

II.J.'S 

464                             3,602 

18 

3,228 

1,230                             lASt 

19 

6.526 

9,980                           10,506 

20 

3,228 

1,230                            4,458 

21 

3  228 

1,230                            4.458 

22 

2,758 

847                            3,605 

23 

3,228 

1.230                            4,458 

24                              3,228 

464                             3.602 

25                              3,228 

464                           8,891 

26 

2,758 

847                  .          8,005 

27 

2,666 

3,609                             6.275 

28 

3,228 

464                           ::.'.:>-' 

29 

2.666 

7,984                         10.650 

Totals 

$90,71.' 

$54. 

$145,000 

TABLE  CCLXV.     ESTIMATED  COSTS  OP  TRANSMISSION  SYSTEM, 

EXCLUDING  ALL  ALLOWANCES  FOR  CONTINGENCIES 

AND  FOR  ENGINEERING 

(Basis  of  1912) 


Item 

2,400-Volt 
D.  C. 

11.  000-  Volt 
A.  C. 

$246,000 

$377.000 

37,400 

.-,_•  mil 

i.ii.ilini 

84,000 

Ground  cables,  material  and  erection  
Structural  steel  and  concrete  in  addition  to 

158,660 
30,000 

158,660 
22,000 

Towera  and  foundations  where  bridges  cross 

11,400 

15,000 

Towera  and  foundations  at  rivor  crossings.  .  .  . 

145,000 

145,000 

Totals  

$688.460 

$853,660 

of  the  Chicago  railroad  terminals  is  based  on  the 
cost  of  labor  and  materials  as  determined  for 
1912,  extended  in  a  manner  normal  to  these 
estimates  (chapter  212),  the  factors  of  extension 
in  this  case  being  as  follows: 

PER  CENT 

1.  To  cover  growth   in   traffic  and  mileage  of  railroads, 
December  31,  1912,  to  December  31,  1922     ....   30.0 

2.  Contingencies 20.0 

3.  Engineering,  design,  supervision  and  administration       .    10.0 

4.  Interest,  insurance  and  taxes  during  construction,  at 
1.75  percent  per  annum  for  6  years,  December 31,  1916, 

to  December  31,  1922 10.5 

The  values  thus  derived  may  be  accepted  as  the 
total  cost  on  the  basis  of  the  requirements  of 
1922.  This  cost  has  been  divided  among  the 
several  railroads  to  be  served,  on  the  basis  of 
energy  requirements  for  the  maximum  hour. 

The  estimated  total  cost  by  railroads  of  the 
transmission  system,  including  additional  steel 
and  concrete  for  supports,  river  and  bridge 


crossings,  and  transmission  and  ground  wires,  is 
set  forth  for  both  the  2, 400- volt  direct  current 
and  the  ii.ooo-volt  alternating  current  systems, 
by  table  CCLXVI. 

TABLE  CCLXVI.     ESTIMATED   TOTAL  COST   OP  TRANSMISSION 
SYSTEM.  BY  ROADS 
(Dec.  ji.  1911) 


RattiMd 

2.40N  ',  „• 
D.  C. 

11.000-  Vol. 
A.C. 

AtchuoD,  Topeka  A  bant*  F«  Ry 

$  1 

$  19  &se 

Baltimore  A  Ohio  II.  K  
Baltimore  A  Ohio  Chicago  'IVrrniiml  U.  1!  .  . 
Calumot.  Hammond  A  Southeastern  R.  R.  .  . 

Chesaprnke  A  Ohio  Ry  .  of  Indiana  . 

19.190 
M  87  • 

..-.'- 

4,177 

-•  I  • 
KJ  i 

2.266 
6  ISO 

Chicago  A  Alton  R   R 

.  -    -    . 

•     |- 

Chicago  A  Calumet  River  R.  It. 

:  •  •: 

.    ,  . 

Chicago  A  Eaitern  Illinoi*  II  R  

n  m 

-    . 

Chicago  A  Erie  R.  R  
Chicago  A  North  Western  Ry. 

10,574 
280,148 

13.111 
347  372 

Chicago   A    Western    Indiana  R.  R.  and   the 
Belt  Railway  of  Chicago  

82.635 

102463 

7;  881 

95827 

Chicago  Great  Western  R.  R  

10,874 

13  111 

Chicago,  Indiana  A  Southern  H    K 

7  '". 

0  174 

'  •    .  .  • 

•     -.    . 

32  767 

Chicago,  Milwaukee  A  St.  Paul  Ry  

96,994 

120269 

Chicago  River  A  Indiana  R.  R.*    . 

Chicago.  Rock  Island  A  Pacific  Ry. 

72,061 

19  .  - 

Chicago  Short  Line  Ry  

1  567 

'    -  ; 

Chicago  Union  Transfer  Ry.f  

|  Chicago,  West  Pullman  A  Southern  R.  R. 
Elgin,  Joliet  A  Eastern  Ry. 

5.091 

'.•  .  :  N 

0.313 

,  . 

Grand  Trunk  Western  Ry  

16840 

20  881 

Illinois  Central  R.  R  

143729 

178  218 

3  394 

Indiana  Harbor  Belt  R.  R  

10  705 

13  273 

Lake  Shore  A  Michigan  Southern  Ry.   .     .    . 

V        ••!, 

jri,.  v 

Michigan  Central  R.  R  

28  459 

Minneapolis,  St.  Paul  A  Sault  Stc.  Marie  Ry  . 
New  York,  Chicagi  A  St.  Louis  R.  R  

7,180 
16057 

>.'••• 
19  910 

Pere  Marquette  R.  R  

1  '  '<  '  ( 

Pittsburgh,  Cincinnati,  Chicago  A  St.  Louis  Ry. 
Pittsburgh,  Fort  Wayne  A  Chicago  Ry  

40,077 
77  282 

49.094 

3  003 

Wabash  Railroad  

30.286 

37.554 

Totals  

8M05.4I4 

$1.618.693 

*  Included  in  the  estimates  for  the  Chicago  Junction  Railway. 

t  Included  in  the  estimates  for  the  Chicago  A  Western  Indiana  Railroad. 

The  fact  should  be  emphasized  that  the  costs 
of  the  transmission  system,  as  exhibited  by  roads 
in  table  CCLXVI,  merely  represent  the  share  of 
the  several  roads  in  the  cost  of  a  transmission 
system  designed  for  the  joint  operation  of  all 
roads.  If,  in  the  actual  development  of  electri- 
fication, the  individual  railroads  should  prefer 
to  provide  individual  transmission  systems,  the 
costs  would  be  in  excess  of  those  set  forth.  The 
increase  in  the  case  of  some  of  the  railroads 
would  be  large. 

SUBSTATIONS 

213.014  General  Considerations:  Substa- 
tions constitute  necessary  facilities  incident  to 
the  electrification  of  the  Chicago  railroad  termi- 
nals and  the  cost  of  these  is  included  in  the 
estimates  covering  the  2, 400- volt  direct  current 
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system  and  the  n,ooo-volt  alternating  current 
system.  The  substations  for  the  2,4oo-volt  direct 
current  system  are  designed  to  receive  three-phase 
alternating  current  at  33,000  volts  and  to  convert 
it  into  2, 400- volt  direct  current  for  the  contact 
system;  those  for  the  n,ooo-volt  alternating  cur- 
rent system  are  designed  to  receive  single-phase 
current  at  33,000  volts  and  to  transform  it  to 
11,000  volts  for  the  contact  system. 

The  general  considerations  governing  the  loca- 
tions selected  for  substations  are  as  follows: 

1 .  Substations  are  to  be  placed  where  distribu- 
tion of  power  may  be  made  in  several  directions. 

2.  Substations  are  to  be  located  near  large  yard 
loads  where  possible.. 

3.  Substations  are  to  be  located  where  they 
may  be  reached  by  two  separate  transmission 
routes. 

Under  the  plan  of  the  Committee,  the  2,400- 
volt  direct  current  substations  are  to  be  so  located 
as  to  secure  economical  distribution  of  current  to 
the  load  and  low  potential  drop  in  the  return 
circuit.  With  the  locations  selected,  the  drop  in 
voltage  in  the  positive  distributing  circuits  under 
maximum  starting  conditions  will  not  exceed  600 
volts.  The  1 1,000- volt  alternating  current  sub- 
stations are  to  be  so  located  as  to  provide  suitable 
feeding  points  for  the  contact  system  in  order  to 
prevent  inductive  interferences  in  adjacent  tele- 
phone and  telegraph  lines.  This  requires  that  the 
distance  between  substations  shall  not  be  more 
than  from  5  to  8  miles  and  that  there  shall  be  a 
substation  at  every  important  stub-end. 

213.015  Number,  Characteristics  and  Loca- 
tion of  Substations:  The  estimates  for  the  2,400- 
volt  direct  current  system  provide  for  eleven  sub- 
stations varying  in  capacity  from  3,000  to  32,000 
kilowatts.  Each  substation  is  to  consist  of  a 
suitable  brick  building  located  on  railroad  prop- 
erty and  equipped  with  a  hand-operated  crane  for 
handling  the  heavy  apparatus.  The  apparatus 
will  consist  of  lightning  arresters  and  oil  switches 
on  the  incoming  three-phase  circuits,  transformers, 
switchboards  with  the  necessary  instruments,  and 
rotary  converters.  Six  of  the  substations  are  to 
be  equipped  with  suitable  switching  apparatus 
so  that  they  will  act  as  tie  stations  for  the 
transmission  lines.  This  will  permit  isolation  and 
selection  of  circuits  for  desirable  or  necessary 
combinations.  The  transformers  are  to  be  of 
the  air  blast  type.  Estimates  provide  for  the  use 


of  i,2oo-volt  rotary  converters  mounted  two  in 
series  on  a  single  bed  plate,  each  pair  in  series 
being  designated  as  a  unit. 

The  estimates  for  the  1 1,000- volt  single-phase 
system  provide  for  31  substations  varying  in 
capacity  from  3,000  to  15,000  kilovolt-amperes. 
The  substation  buildings  are  to  be  of  brick  and 
are  to  be  located  along  the  rights-of-way  of  rail- 
roads. Each  building  is  to  have  a  hand-operated 
crane  or  hoist.  The  apparatus  is  to  include 
incoming  and  outgoing  feeders  with  lightning 
arresters  and  oil  switches,  step-down  transformers 
of  the  oil  insulated  water  cooled  type  and  the 
necessary  switchboards  and  instruments.  Attend- 
ants will  not  be  required  at  these  substations  and 
therefore  the  switches  will  be  arranged  for  remote 
control  from  an  adjacent  signal  tower,  passenger 
station  or  other  building  where  some  employe 
will  normally  be  on  duty.  The  cost  of  cables  and 
remote  control  apparatus  has  been  included 
on  the  assumption  that  the  distance  between 
substation  and  control  point  will  not  average 
more  than  1,000  feet.  Of  the  substations  16  are 
to  be  arranged  to  act  as  tie  stations  for  the  trans- 
mission lines. 

For  either  system  of  traction  the  substation 
equipment  to  be  provided,  including  transformers 
and  rotary  converters,  may  be  operated  for  five 
minutes  at  a  load  200  per  cent  in  excess  of  the  rated 
capacity.  A  spare  unit  is  to  be  provided  at  each 
substation,  thus  permitting  the  maximum  load  to 
be  carried  with  one  unit  out  of  service. 

With  either  system  of  traction  a  substation  is 
to  be  located  in  the  power  station,  a  plan  which 
will  provide  an  economical  arrangement  both 
as  to  first  cost  and  operating  expense.  The  gen- 
eral assumption  concerning  land  (section  212.10) 
covers  the  requirements  for  substations.  The 
estimates  do  not  include  a  charge  for  real  estate. 

The  locations  of  the  substations  and  the 
routes  of  their  connecting  transmission  lines  are 
shown  for  the  2, 400- volt  direct  current  system  and 
for  the  1 1 ,000- volt  alternating  current  system  by 
figs.  628  and  629,  respectively. 

The  loads,  capacities  and  other  characteristics 
of  the  substations  to  be  provided  are  set  forth  for 
the  2,4oo-volt  direct  current  system  and  for  the 
n,ooo-volt  alternating  current  system  by  tables 
CCLXVII  and  CCLXVIII,  respectively. 


ESTIMATED  COST  OF  COMPLETE  ELECTRIFICATION 


Tnc  CmCAOO  AMOCIOTION 
CoMuiTTCt  or  IHVUTKMTKM  ON  SMOKE  A*"tMiNi 

AMD    CLCCTBiriOTIOM     Of    RAILWAY    TtBMINALS 


EXPLANATION 

Power    House 
Substation 


FIG.  628.  LOCATIONS  OF  SUBSTATIONS  AND  TRANSMISSION  LINES.  2,400-VOLT  D.  C.  SYSTEM 
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Tnr  Cnirwo  ASSOCIVIION  or  COMMUXZ 
COMMITTEE  or  kvtsnoATioN  ON  SMOKE  ABATEMENT 

AND    EtCCTRiriCATION     OF    RAILWAY    TtBMINALS 


OVxt    of   Ch«f    Engnen-          Chicago 


Scale 

.     i     i     i    .     i    .  n»« 


EXPLANATION 

Power    House 
Substation 


Indiana  Harbor 
Gao: 


FIG.  629.  LOCATIONS  OF  SUBSTATIONS  AND  TRANSMISSION  LINES.  11.000-VOLT  A.  C.  SYSTEM 
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TABLE  CCLXVII.      CHARACTERISTICS  OP  SUBSTATIONS 
FOR  3.400-VOLT  II.  C.  SYSTEM 


Input  to  Substations  for 

Average  13 

ay 

Unit* 

Sub-              Kilowatt-Hours             .'  ";"' 

Total  Rated 

station 

factor 

Capacity 

No.         Aver-      Maxi- 

Per 

Kilowatt* 

age        mum 
Hour      Hour 

Total        C«n* 

vn      Capacity 
N°-    KUowatU 

1 

2            :< 

4 

8 

0 

7 

S 

1 

1,273 

2.444 

8048 

82.1          3         1.000 

3,000 

2 

IM0 

5,309 

14,774 

36.2         4 

2.000 

8.000 

8           7.308      10,019 

175,391 

73.0         4 

4.000 

16.000 

4 

20.207      30.007 

484.985 

67.4         8 

4.000 

32,000 

*8 

10.78J 

26  348 

402.774     63.7 

7 

1400 

28.000 

0 

5.-.II  4 

7.493 

141.941     78.8         3 

1400 

12.000 

7 

10.700 

15.515 

256.785     69.0         8 

1400 

20.000 

8 

11,410 

11,391 

153,838     55.3          4 

4400 

16.000 

9 

8,084 

6,171 

88,418     50.7          4         2,000 

s.ooo 

10 

Be 

2,177 

20,783     39.8         8         1,000 

8400 

11 

497 

2,485 

11.926     20.0          4          1,000 

4,000 

I10JM 

I.MLM70 

49 

.... 

150.000 

*  Substation  in  power  station. 

TABLE    CCLXVIII.     CHARACTERISTICS    OP    SUBSTATIONS    FOR 
ii.ooo-VOLT  A.  C.  SYSTEM 


Input  to  Substations  for 

Unite 

8ub- 
MMioa 
No. 

Average  Day 
Kilowatt-Hours 

Load 
Factor 
Per 
Cent 

No. 

Capacity 
Kflovolt- 
Amperes 

T,.t:il   H,,l.-,l 

Capacity 
Kilovolt- 
Amperes 

Aver- 
age 

Maxi- 
mum       Total 

Hour 

Hour 

, 

i 

1 

•• 

3               4 

5 

6 

7 

8 

j 

238 

458         5.718 

62 

2 

1.500 

3,000 

2 

483 

930        11,580 

52 

2 

1,500 

8,000 

3 

get 

1.300        14.387 

44 

2 

1,500 

:i,(«Ki 

4 

1,029 

2,940        24,69fi 

35 

2 

3,000 

6,000 

5 

281 

700         6,749 

40 

2 

1,500 

n.ooo 

6 

399 

1,000          9,564 

40 

2 

1,500 

3,000 

7 

1,680 

2.560        40,316 

65 

2 

2,500 

5,000 

8 

419 

700        10,062 

60 

2 

1,500 

3,000 

9 

3,268 

4,875        78,423 

67 

2 

5,000 

lo.ooo 

10 

3,228 

4,310        77,477 

75 

2 

4,000 

N.  

11 

691 

1,060        16,589 

65 

2 

2.000 

4,000 

12 

8,615 

11,300      206,754 

76 

3 

5,000 

15,000 

13 

2,897 

3,860        69,532 

75 

2 

4000 

S.(XK) 

14 

7,821 

11,150      187,708 

70 

3 

5,000 

1,-,.IHIO 

15 

244 

950          5,855 

26 

2 

1,500 

3,000 

•16 

6,543 

9,350      157.050 

70 

3 

4,500 

18,600 

17 

2,799 

5,100        67,174 

55 

2 

5,000 

10,000 

18 

2,484 

3,100        59,622 

78 

2 

3,000 

6,000 

19 

98 

217          2,362 

45 

2 

1  500 

3,000 

20 

244 

1,220         5.856 

20 

2 

1,500 

3,000 

21 

5,153 

7,500      123,673 

68 

3 

4,000 

12.0OO 

22 

2,989 

4,600        71,729 

65 

2 

5,000 

10.000 

23 

3.510 

5,350        84,248 

65 

2 

5,000 

III.  (II  III 

24 

6,617 

9,500      158.819 

70 

3 

5,000 

15,000 

25 

574 

1,140        13,777 

50 

2 

1,500 

3,000 

26 

3.160 

6,320        75,842 

50 

2 

6,000 

12,000 

27 

1,741 

3,480        41,774 

50 

2 

3,000 

6,000 

28 

1,320 

2,220        31,885 

60 

2 

1,500 

3,000 

29 

197 

350          4,719 

56 

2 

1,500 

3.000 

30 

46S 

1,040        11,229 

45 

2 

1,500 

3,000 

31 

184 

510          4,«13 

37 

2 

1,500 

3,000 

Totals 

69,981 

(I'l,  l.V>    i,ii7^l,:,Si 

67 

207,500 

*  Substation  in  power  station. 

213.016  Estimates  of  Costs  of  Substations  on 
the  Basis  of  the  Requirements  of  1912,  Excluding 
all  Allowances  for  Contingencies  and  for  En- 
gineering: The  costs  of  the  substations  already 
described  have  been  estimated  on  the  basis  of 
quoted  costs  of  equipment  and  known  costs  of 
buildings  for  similar  purposes,  and  checked  by 
comparison  with  the  unit  costs  of  a  number  of 
completed  substations  of  various  types  and  ca- 
pacities. The  estimates  of  costs,  excluding  all 
allowances  for  contingencies  and  for  engineering, 
for  the  substations  required  for  the  2, 400- volt 
direct  current  system  and  for  the  n.ooo-volt 


alternating  current  system,  are  set  forth  by  tables 
CCLXIX  and  CCLXX,  respectively. 

TABLE  CCLXIX.     ESTIMATED  COSTS  OP  SUBSTATIONS.  EXCLUD- 
ING ALL  ALLOWANCES  FOR  CONTINGENCIES  AND  POR 
ENGINEERING.  a.4oo-VOLT  D.  C.  SYSTEM 
(Basil  of  1911) 


Substation  No. 

ToUl  Capacity  of  Initial 
Installation.  Kilowatt! 

CM 

1 

3000 

$130.990 

a 

8.000 

222.920 

8 

10.000 

318340 

4 

32.000 

603.900 

•4 

28.000 

478,500 

o 

12.000 

256.560 

7 

20.000 

401.750 

8 

16.000 

325.440 

i 

8400 

217,250 

10 

8400 

130,090 

11 

4.000 

100,220 

Totals 

150,000 

$3.256.510 

1  Substation  in  power  station. 


TABLE  CCLXX.     ESTIMATED  COSTS  OP  SUBSTATIONS.  EXCLUD- 
ING ALL  ALLOWANCES  FOR  CONTINGENCIES  AND  FOR 
ENGINEERING.  ii.ooo-VOLT  A.  C.  SYSTEM 
(Basis  of  igu) 


Substation  No. 


2 
3 

4 
8 
6 
7 
8 
9 
10 
11 
12 
13' 
14 
15 
*16 
17 
18 
19 
20 
21 
22 
23 
24 
•  25 
26 
27 
28 
29 
30 
31 

Totals. . 


Total  Capacity  of  Initial  In- 
stallation, Kilovolt-Amperea 

OM 

3.000 

(24.910 

3,000 

26,700 

8,000 

26.700 

6.000 

36.190 

:t,ooo 

24.010 

3,000 

24,910 

r,.(KKj 

38,160 

8400 

26.700 

in.  i 

45,510 

K.IXX) 

43.040 

4.000 

31,430 

15400 

66.000 

8.000 

41,080 

15.000 

71.080 

3.000 

29.580 

13,500 

41,500 

MI.IKHI 

45.510 

6,000 

34.400 

3,000 

24.880 

3,000 

28,480 

12,000 

73.880 

10400 

37,090 

10.000 

36,400 

15,000 

59.010 

3,000 

30.270 

12,000 

43.340 

6.000 

38.120 

3,000 

33340 

3.000 

25.870 

•:  i 

26.700 

3.000 

26,700 

207,500 

81.164.870 

'Substation  in  power  station. 

213.017    Estimated  Total  Cost  of  Substations: 

The  estimated  total  cost  of  the  substations  for  the 
electric  operation  of  the  Chicago  railroad  terminals 
is  based  upon  the  cost  of  labor  and  materials  as 
determined  for  1912,  extended  in  a  manner  normal 
to  these  estimates  (chapter  212),  the  factors  of 
extension  in  this  case  being  as  follows: 

PER  CENT 

I .  To  cover  growth  in  traffic  and  mileage  of  railroads, 

December  31,  1912,  to  December  31,  1922   .      .      .     30.0 

2\   Contingencies 10.0 

3-.   Engineering,  design,  supervision  and  administration     too 
4.    Interest,  insurance  and  taxes  during  construction, 
'"at  i  .75  per  cent  per  annum  for  6  years,  December 
31,  1916,  to  December  31,  1922 10.5 
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The  values  thus  derived  may  be  accepted  as  SWITCHING   STATIONS 

the  total  cost  of  substations  on  the  basis  of  the  213.018    General    Considerations:    With  both 

requirements  of    1922.     These   costs  have  been  the    2(400-volt    direct   current    system    and    the 

apportioned  to  the  several  railroads  to  be  served,  II>OOo- volt  alternating  current  system,  it  is  nec- 

on  the  basis  of  the  energy  requirements  for  the  essary  to  provide  switching  stations  at  various 

maximum  hour.  points  throughout  the  terminals  for  the  section- 

The  estimated  total  cost  by  railroads  of  the  alization  of  the  overhead  conductors  of  the  con- 
substations,  including  buildings  and  equipment,  tact  system.  Such  switching  stations  will  consist 
for  both  the  2,4oo-volt  direct  current  and  the  of  suitable  apparatus  to  allow  conductors  to  be 
n,ooo-volt  alternating  current  systems,  is  set  isolated  in  the  event  of  disorder  due  to  over- 
forth  by  table  CCLXXI.  load,  short  circuits  or  other  causes. 

213.019  Locations  and  Characteristics  of  the 

TABLE  CCLXXI.     ESTIMATED   TOTAL    COST    OF    SUBSTATIONS.  _,      ..    ..          o.     ..                   ,,      .,    ,   .                  ..             , 

INCLUDING  BUILDINGS  AND  EQUIPMENT.  BY  ROADS  switching  Stations:     Switching  stations  for  mam 

(Dec.  31. 19")  track  contact  conductors  in  the  terminal  are  to 

j  2.4ou-v.,ii     ii.<mo-v,,it  be  provided  as  follows: 

Railroad  rj.  c.  A.  C. 

Atchiaon.TopekaAs.nt.FeRy...              I    »  68.4.".      i   «.49«  »•  At  intervals  of  from  two  to  three  miles, 

Baltimore  *  Ohio  R.  K w.704  usually  at  interlocking  plants  or  passenger  sta- 

%&&&5RJ!itt  £  R-:             10?:S{            !  E  !  tions  where  there  are  crossovers. 

Chesapeake  A  Ohio  Ry.  of  Indian...                              18.113                    .-  2.   At  all  important  junction  points. 

Sicago  I  $XS£  Ler  R.  R.  3-  At  all  track  crossings  at  grade. 

Chicago  A  Eastern  Illinois  R.  R I7.9M  K.< 

A  substation  has  been  considered  as  serving  the 

Chicago  &  Krie  R.  R i     M  lfl.4U«l 

Chicago  *&NrMh,^e8SaRnJa  R!  R  .nd'th.     UM  purpose  of  a  switching  station  and  as  taking  the 

cwetoXr°ungttTQuincyR.R.                   S3        ifSZ  place  of  one  that  would  otherwise  be  required. 

Chicago  Gn-at  western  R.  R.                             lug          i6.4oo  The  estimates  of  cost  of  switching  stations  for 

ch!SKO:  !nd!Snapo,r,TLo™,vii"Ry.                    I    ~          !S:«7  the  2,4oo-volt  direct  current  systi-iii   have  been 

Chicago  Junction  Ry. ...                                                      142,07"'               50.N21  t_            ,                         .  i                                                        f 

based   upon   the  assumed   use  of  carbon   break 

Chicago,  Milwaukee  4  St.  Paul  Ry 420,564              ISli  :  .           .                      , 

Chicago  River  A  Indiana  R.  R.» i circuit    breakers    mounted    on    suitable    panels. 

•Chicago,  Rock  Island  A  Pacific  Ry 311!. 4.M  111.7 

Chicago  short  Line  Ry...                                 .;             2.4*),  This  type  of  switch  requires  protection  from  the 

22.07*          7.89«  weather,  and  for  this  purpose  a  small   and   in- 

'?JSS;       426:IIA  expensive   building   is   to   be   provided   at   each 

central  R.  R.                                   623.206        222.924  location  selected  for  a  switching  station.     The 

Illinois  Northern  Ry. .  .                                                          14717  A-                      r          .1 

Indiana  Harbor  Beft  R.  R 46.41A          16.603  estimates  for  the  1 1  ,ooo-volt  alternating  current 

Lake  Shore  A  Michigan  Southern  Ry. .                            374.14!)              U3.835  ,               ,               .              .                                                                          , 

system  have  been  based  upon  the  assumed  use  of 

Michigan  Central  R.  R.    123  3(lfi  44  139 

Newark" chicagrA%'suuistRRarieRy           '$™  outdoor  type  oil  switches  mounted  on  the  over- 

Pere  Marq'uette  R.  R.                                                   zo^s  head  anchor  bridges  of  the  contact  system.     The 

Pittsburgh!  FrCyani  A  chic^g*  Ry^.^.       IgSS        K  switches  for  both  systems  are  to  be  controlled  from 

w^bMhR/R.'.".'                                        isiisio  I       4D;974  neighboring  signal  towers  or.  passenger   stations 

Totau ».-,.H»a).3M     »L'.(u».736  located  at  an  assumed  average  distance  of  1,000 

.icago  Junction  RauwayT  feet      from      the     Switching     Stations.          The      COSt 

T  Included  in  the  estimates  for  the  Chicago  &  Western  Indiana  Railroad. 

of  this  remote  control  apparatus  is  included  in 

The  fact  should  be  emphasized  that  the  sub-  the  cost  of  the  switching  stations, 
station    costs    as    exhibited    by    roads    in    table  F°r   the   sectionalization  of   yards  and   unim- 
CCLXXI  merely  represent  the  share  of  the  sev-  portant  junction  connections,  outdoor  type  non- 
eral  roads  in  the  cost  of  the  group  of  substations  automatic  switches,   such  as  knife  switches  for 
designed  for  the  joint  operation  of  all  roads.     If,  the  2, 400- volt  direct   current   system   and  hand 
in  the  actual  development  of  electrification,  indi-  operated  oil  switches  for  the  n,ooo-volt  alternat- 
vidual  roads  should  prefer  to  provide  individual  ifig  current  system,  are  to  be  provided, 
substations,  their  costs  would  be  in  excess  of  those  213.020     Estimated  Costs  of  Switching  Stations 
set  forth.     The  increase,  especially  for  the  smaller  on  the  Basis  of  the  Requirements  of  1912,  Ex- 
roads,  would  be  material.  eluding  all  Allowances  for  Contingencies  and  for 
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Engineering:  The  costs  of  the  switching  stations 
already  described  have  been  estimated  on  the 
basis  of  quoted  costs  of  equipment  and  known 
costs  of  buildings  used  for  the  same  purpose.  The 
estimates  of  cost,  excluding  all  allowances  for  con- 
tingencies and  for  engineering,  of  the  switching 
stations  required  for  the  2, 400- volt  direct  current 
system  and  for  the  i  i.ooo-volt  alternating  current 
system  are  set  forth  by  tables  CCLXXII  and 
CCLXXIII,  respectively. 

TABLE  CCLXXII.     ESTIMATED  COSTS  OF  SWITCHING  STATIONS 
EXCLUDING  ALL   ALLOWANCES  FOR  CONTINGENCIES  AND 

FOR  ENGINEERING.  2.40O-VOLT  D.  C.  SYSTEM 
»  (Basis  of  1912) 


Number  of 
Switching 

Stations 

,\  11  m  In  i   ol 

Feeders  per 
Station 

Cost  per  Station 

Total  Cost 

1 

-' 

a 

4 

2 

2                            t  2,060 

t    4.1OO 

1 

3                                2,700 

2.700 

29 

4                                3,350                       97.150 

4 

5                               4.150 

16,600 

15 

6 

4,800 

72,000 

1 

7 

5,350                        5,350 

17 

8 

6,250                      :06.2.-.o 

3 

9 

6,900 

20.700 

10 

10 

7,550                       75J500 

10 

12 

9,000                       90,000 

1 

13 

9.650                         9.650 

G 

14 

10,300 

61.800 

1 

15 

11,100                        11,100 

11 

16 

11,750                      129,2.-i() 

4 

18 

I3,or.o 

52,200 

1 

20 

14.500 

43.5OO 

1 

22 

15.800 

15,800 

1 

21 

17,250 

17,250 

1 

30 

21,150 

21,150 

1 

34 

23,750 

23,750 

122 

S87S.800 

TABLE  CCLXXIII.     ESTIMATED  COSTS  OF  SWITCHING  STATIONS. 

EXCLUDING  ALL  ALLOWANCES    FOR  CONTINGENCIES  AND 

FOR  ENGINEERING,  n.ooo-VOLT  A.  C.  SYSTEM 

(Basis  of  1912) 


Number  of 
Switching 
Stations 

Nu  i!  in,'  i  of 
Feeders  per 
Station 

Cost  per  Station 

Total  Cost 

1 

2 

3 

.    4 

2 

2 

f   700 

t     1,400 

27 

4 

1,400 

37,800 

4 

5 

1,750 

7,000 

14 

6 

2,100 

29,400 

1 

7 

2,450 

2.450 

16 

8 

2.800 

44,800 

3 

9 

3,150 

9,450 

9 

10 

3,500 

31,500 

6 

12 

4,200 

25,200 

1 

13 

4,550                                4,550 

5 

14 

4,900                              24.500 

1 

15 

5,250 

5,250 

9 

16 

5,600 

50,400 

3 

18 

6,300 

18.900 

3 

20 

7,000 

21,000 

1 

22 

7,700 

7.700 

1 

24 

8,400 

8,400 

106 

$329.700 

213.021  Estimated  Total  Cost  of  Switching 
Stations:  The  estimated  total  cost  of  switch- 
ing stations  for  the  electric  operation  of  the 
Chicago  railroad  terminals  is  based  on  the  cost 
of  labor  and  materials  as  determined  for  1912, 
extended  in  a  manner  normal  to  these  estimates 


(chapter  212),   the  factors  of  extension  in   this 
case  being  as  follows: 

PER  CKNT 

i.     To  cover  growth  in  traffic  and  mileage  <><  railroads, 

December  31,   1916,  to  December  31,  1922     .      .      .     .10.0 
a.     Contingencies 10.0 

3.  Engineering,  design,  supervision  and  administration   .      10.0 

4.  Interest,  insurance  and  taxes  during  •  .n,  at 
'•75   per  cent  per  annum  for  6  years,   Deccmlx-r  31, 

I'tih,  to  December  31,  1922 10.5 

The  values  thus  derived  may  be  accepted  as 
the  total  cost  on  the  basis  of  the  requirements  of 
1922.  These  costs  have  been  apportioned  to  the 
several  railroads  to  be  served,  on  the  basis  of  the 
electrified  track  mileage. 

The  estimated  total  cost  by  railroads  of  the 
switching  stations,  including  buildings  and  equip- 
ment installed  and  connected,  for  both  the  2,400- 
volt  direct  current  system  and  the  1 1 ,000- volt 
alternating  current  system,  is  set  forth  by  table 
CCLXXIV. 

TABLE  CCLXXIV.     ESTIMATED  TOTAL  COST  OF  SWITCHING  STA- 
TIONS. INCLUDING  BUILDINGS  AND  EQUIPMENT.  BY  ROADS 
(Dec.  31.  1922) 


Railroad 

\tchison,  Topeka  &  Santa  Fe  Ky 

D.  C. 

t  39  57U 

ll.(KH>-\i,lt 

A.  C. 

$14  900 

Baltimore  4  Ohio  R.  R. 

••  867 

Baltimore  &  Ohio  Chicago  Terminal  K.  R.  .  . 
Calumet,  Hammond  &  Southeastern  R.  R  

50.540 
76 

i  un 

974 
29 

Chicago  4  Alton  R.  R".       

26.107 

Chicago  &  Calumet  River  R   R 

i.      -X, 

:  !"• 

10.047 

3  782 

Chicago  4  Erie  R.  R. 

'      15  223 

5731 

235954 

88827 

Chicago    4   Western  Indiana  R.  R.    and    th 
Belt  Ry.  of  Chicago  

141.573 
81  442 

53,296 
30,650 

Chicago  Great  Western  R.  R 

9  134 

3438 

5,176 

1,948 

2436 

917 

xx   <•,  • 

33,238 

Chicago,  Milwaukee  4  St.  Paul  Rv 

115,085 

43,324 

i  607 

1,719 

,,ll    X'l 

22923 

j  '~  ; 

860 

Chicago  Union  Transfer  Ry  
Chicago,  West  Pullman  4  Southern  R.  R  
Elgin,  Joliet  4  Eastern  Ry  

3,653 

rjnt 

50  23  j 

1,375 
18,911 

Grand  Trunk  Western  Ry 

'-  >'.~ 

10716 

Illinois  Central  R.  R  

149,184 

56,161 

'.       'X., 

3496 

Indiana  Harbor  Belt  R.  R  

10  352 

3,897 

72  3O9 

27221 

30  141 

11  347 

Minneapolis.  St.  Paul  4  Sault  Ste.  Marie  Ry  * 

New  York,  Chicago  4  St.  Louis  R.  R  

25,727 

9.685 

Pere  Marquette  R.  R  

4  262 

1  605 

Pittsburgh,  Cincinnati.  Chicago  4  St.  Louis  Rv 
Pittsburgh,  Fort  Wayne  4  Chicago  Ry  

60.282 
92  250 

J.'  •••< 
34.728 

Pullman  R.  R  

20094 

7  I)  | 

Wabash  R.  R  

.;•  •••.! 

i  :  ••-•" 

Totals  | 

$1,522,285 

$573.073 

*  Owns  no  track  to  be  electrified. 


The  fact  should  be  emphasized  that  the  switch- 
ing station  costs,  as  exhibited  by  roads  in  table 
CCLXXIV,  merely  represent  the  share  of  the  sev- 
eral roads  in  the  cost  of  the  group  of  switching 
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stations  designed  for  joint  operation  of  all  roads. 
If,  in  the  actual  development  of  electrification, 
individual  roads  should  prefer  to  provide  individ- 
ual substation  and  switching  station  systems,  the 
costs  of  the  switching  stations  required  for  these 
individual  roads  would  differ  materially  from 
those  set  forth. 

OVERHEAD  CONTACT  SYSTEM* 

213.022  Definition:    The  overhead  type  of  con- 
tact system  for  the  delivery  of  electric  current  to 
locomotives  and  cars  has  been  made  the  basis 
of  estimates  of  the  cost  of  equipping  the  railroad 
lines  of  the  Chicago  terminals  for  electric  opera- 
tion.    This  type  of  contact  system  consists  of 
one  or  more  conductor  wires  of  suitable  size  and 
material,  suspended  in  desired  position  above  the 
track  from  a  catenary  messenger  wire,  and  of  steel 
structures,  or  poles  of  wood  or  steel,  set  at  inter- 
vals along  the  line  to  support  and  maintain  the 
position  of  the  wires.     As  a  basis  for  the  esti- 
mates of  cost,  a  system  suitable  for  single-phase 
alternating  current  at  1 1 ,000  volts  and  for  direct 
current  at  2,400  volts  has  been  designed.     The 
types  of  construction  chosen  are  the  result  of  a 
careful  study  of  the  systems  employed  on  exist- 
ing electrified  steam  railroads  using  high  volt- 
age overhead  contact.     Owing  to  local  or  special 
conditions  disclosed  by  the  investigations  of  the 
Committee,    the   types  of  construction   selected 
do  not  conform  to  present  types  in  detail,  but 
embody  as  far  as  possible  those  features  which 
have  been  shown  by  experience  to  be  satisfactory 
and  which  avoid  objectionable  and  unnecessary 
details  and  devices. 

213.023  Factors  of  Design:    The  design  of  the 
overhead  contact  system  has  involved  the  recog- 
nition of  certain  factors,  which  are  discussed  in 
the  paragraphs  which  follow. 

Clearances 

In  the  designs  prepared  as  a  basis  for  the  esti- 
mates, a  clearance  of  25  feet  has  been  provided 
between  the  top  of  the  rail  and  the  conductor 
wire  at  its  point  of  support  under  the  supporting 
structure,  except  in  cases  where  permanent  over- 
head obstructions  will  not  permit  such  clearance. 
In  fixing  this  distance  it  has  been  the  intention 

*  A  complete  file  of  all  details  of  costs,  quantities,  designs  and  calculations 
•  preserved  in  the  Archives  of  the  Committee,  Vols.  E  64  to  E  86. 


to  provide  for  a  minimum  clearance  of  24  feet, 
2  inches,  between  the  top  of  the  rail  and  the  con- 
ductor wire  under  the  conditions  of  maximum 
sag.  This  minimum  clearance  permits  the  safe 
operation  of  trains  under  conditions  which  require 
trainmen  to  give  signals  by  swinging  a  lantern 
at  arm's  length  while  standing  on  the  running 
board  of  a  box  car.  It  is  assumed  that  the 
running  board  of  a  car  of  maximum  allowable 
height  will  be  15  feet,  0.5  inch,  above  the  top  of 
the  rail  and  that  the  reach  of  a  trainman  with 
a  lantern  will  be  8  feet,  8  inches,  allowing  a  mini- 
mum clearance  of  5.5  inches  between  the  lantern 
and  the  contact  wire.  In  cases  where  permanent 
overhead  obstructions  will  not  permit  the  standard 
clearance,  bridge  warnings  are  to  be  provided. 
These  are  described  and  their  estimated  cost  is 
given  in  sections  213.033  to  213.036.  The  mini- 
mum height  of  the  wire  above  the  track  in  such 
cases  has  been  fixed  at  15  feet,  10  inches,  which 
provides  a  clearance  of  9.5  inches  between  the 
wire  and  the  running  board  of  a  car  15  feet, 
0.5  inch,  high.  A  minimum  distance  of  8.0 
inches  is  allowed  between  the  wire  and  the  sup- 
porting structure,  making  the  minimum  allowa- 
ble clearance  for  permanent  overhead  obstruc- 
tions 1 6  feet,  6  inches.  Structures  under  which 
the  clearance  is  less  than  16  feet,  6  inches,  are  to 
be  raised  or  changed  to  provide  the  required 
height.  The  costs  incident  to  such  changes  are 
•not  included  in  the  estimates  for  the  overhead 
contact  system  but  are  presented  separately  in 
section  213.075.  Where  the  contact  wire  is  re- 
quired to  pass  under  foot  and  street  bridges,  suit- 
able screen  guards  are  to  be  provided  to  prevent 
persons  from  touching  or  interfering  with  the  wires. 
The  clearance  distances  given  are  those  adopted 
as  recommended  practice  by  the  American  Rail- 
way Association. 

The  location  of  existing  wires  paralleling  or 
crossing  the  right-of-way  has  not  influenced  the 
designs  of  the  overhead  contact  system,  as  it 
has  been  assumed  that  all  interferences  of  this 
kind  will  be  removed,  as  described  in  sections 
213.076  to  213.080,  where  the  estimated  cost  of 
the  necessary  changes  is  also  given.  The  charac- 
teristics of  materials  required  for  the .  overhead 
contact  system  are  given  in  table  CCLXXV. 
The  summary  following  the  table  shows  unit 
stresses  and  maximum  load  conditions. 
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TABLE  CCLXXV.     CHARACTERISTICS  OP  MATERIALS 


Material 


Iruu  wire.  .  . 
Steel  wire. .  . 
Copper  wire . 


Muduliu  of  Klaiticily 

1  liiinnu-  Sirnncih 
Lb.  per  Sq.  In. 

Hafe  Load 
Lb.  per  HO.  In. 

a 

StiiinOoioOO 
10,000,000 

a 

..7.UOO 
190,000 
60.000 

4 

20.000 
30.000 
28,000 

Klantic  Limit 

I',  r  I  enl  of 

i:itimat«  .Stmnith 


00 
00 


Coefficient  of  Ki 

•ion  per 

Fahrenheit 


U.UOOUUM 
0.0000000 

0.0000007 


UNIT   STRESSES 

Structural  Steel: 

Tension 25,000  Ib.  per  sq.  in. 

Compression     .     .     .     25,000 — 100  -    Ib.  per  sq.  in.  where 

1  —length  of  member  in  inches 
r— radius  of  gyration. 

-  shall  not  exceed  1 80. 

Shear 12,000  Ib.  per  sq.  in.  on   shop   rivets 

and  pins. 

10,000  Ib.  per  sqi  in.  on  field  rivets 
and  bolts. 

Bearing 20,000  Ib.  per  sq.  in.  on  shop  rivets 

and  pins. 
Concrete  Foundations: 

Bearing 400  Ib.  per  sq.  in. 

Soil  Foundations: 

Bearing,  Maximum        3,000  Ib.  per  sq.  ft. 

MAXIMUM    LOAD   CONDITIONS 

Sleet  Loads: 

Coating  of  ice  o .  5  inch  thick,  making  an  increase  of  I .  o 

inch  in  the  diameter  of  all  wires,  cables  and  hangers. 
Wind  Loads: 

On  projected  area  of  ice-coated  wires,  cables  and  hangers, 

8.0  Ib.  per  sq.  ft. 

On  projected  area  of  bare  wires,  cables  and  hangers,  15 

Ib.  per  sq.  ft. 

On  structural  steel,  30  Ib.  per  sq.  ft. 
Temperatures: 

From  20  degrees  below  zero  to  120  degrees  Fahrenheit. 

Classification  of  Tracks 

Owing  to  differences  in  physical  and  operating 
conditions  between  different  classes  of  railroad 
track,  it  has  been  necessary  to  prepare  separate 
standard  designs  for  the  overhead  contact  system 
for  each  class  of  track.  Standard  designs  have 
therefore  been  prepared  to  meet  the  conditions 
found  on  the  following  classes  of  track: 

1.  Main  tracks,  including  all  running,  passing 
and  crossover  tracks  regularly  used  for  passen- 
ger and  freight  traffic. 

2.  Yard  tracks,  including  all  trackage  in  yards 
other  than  main  tracks. 

3.  Industrial  tracks,  including  all  tracks  serving 
industries,  such  as: 

o.  Spur  tracks  which  connect  with  the  main 
or  yard  tracks  in  such  manner  that  the  con- 
tact system  for  them  cannot  be  made  a  part 
of  that  provided  for  other  tracks. 


6.  Industrial  tracks  which  are  grouped  in 
small  yards  and  are  so  located  that  the  contact 
system  for  them  may  be  included  under  joint 
construction. 

There  are  some  tracks  so  located  that  it  has 
not  been  practicable  to  design  any  type  of  contact 
system  which  would  meet  the  requirements  of  elec- 
tric operation.  For  example,  tracks  in  buildings  or 
under  cranes  cannot  be  equipped  with  an  overhead 
contact  system.  The  amount  of  such  trackage, 
which  is  mostly  industrial,  is  small  (chapter  208). 

2 1 3 .024  Overhead  Construction  for  the  1 1 ,000- 
Volt  Alternating  Current  System:  Different  gen- 
eral types  of  overhead  contact  construction  for  the 
n,ooo-volt  alternating  current  system  have  been 
designed  for  use  in  connection  with  main  tracks, 
yard  tracks  and  industrial  tracks.  Descriptions 
of  each  type  are  given  in  the  following  paragraphs. 

Main  Track  Construction 
The  type  of  construction  for  main  tracks  which 
has  served  as  the  basis  for  estimates  of  cost 
consists  of  a  '-inch  stranded  steel  messenger 
cable  of  extra  high  strength,  supported  above  the 
track  by  means  of  insulators  attached  to  the 
bottom  of  the  cross-spans  of  structural  steel 
bridges  or  to  cross  catenary  spans,  spaced  normal- 
ly at  intervals  of  300  feet.  From  this  primary 
messenger,  a  secondary  messenger  of  No.  oooo 
A.  W.  G.  solid  steel  wire  is  suspended  by  means  of 
hangers  of  varying  lengths  spaced  at  intervals  of 
10  feet.  A  No.  oooo  A.  W.  G.  grooved  solid 
copper  contact  wire  is  suspended  about  two 
inches  below  the  secondary  messenger,  which 
supports  it  by  means  of  clips  placed  midway 
between  hangers.  Under  the  normal  load  at 
60  degrees  Fahrenheit  the  primary  messenger  will 
have  a  sag  of  five  feet.  The  hangers  are  of  such 
lengths  that  with  this  sag  the  contact  wire  will 
be  practically  parallel  to  the  surface  of  the  track 
and  25  feet  above  the  top  of  the  rails.  This  con- 
struction provides  a  flexible  contact  system  with- 
out sudden  changes  in  grade  and  without  "hard 
spots."  On  curves  the  spacing  of  supporting 
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structures  is  to  be  reduced,  and  the  messenger 
cable  is  to  be  suspended  in  such  a  manner  that, 
by  the  use  of  special  inclined  hangers,  the  contact 
wire  will  be  held  in  place  approximately  above 
the  center  line  of  the  track.  In  cases  where  the 
curvature  is  more  than  four  degrees,  inclined 
hangers  are  not  to  be  used  but  an  intermediate 
steel  pull-off  pole,  either  guyed  or  self-supporting, 
is  to  be  placed  between  supporting  structures 
and  the  messenger  and  contact  wires  are  to  be 
pulled  to  a  position  which  will  permit  the  contact 
wire  to  have  its  place  approximately  over  the 
center  of  the  track.  Under  no  condition  of 
curvature  will  the  departure  of  the  contact  wire 
from  position  above  the  center  line  of  track 
exceed  1 2  inches.  Where  permanent  obstructions 
will  not  permit  the  standard  height  to  be  main- 
tained, the  contact  wire  will  descend  at  grades  of 
from  one  to  two  per  cent,  depending  upon  the 
probable  operating  speeds  at  the  point  under 
consideration.  In  order  to  accomplish  this  the 
messenger  wire  must  also  descend.  The  stresses 
which  this  system  of  wires  is  required  to  with- 
stand under  various  conditions  have  been  care- 
fully determined,  and  those  produced  by  the 
maximum  wind  and  ice  loading  at  o  degrees 
Fahrenheit,  this  being  considered  the  most  severe 
combination  of  loads,  are  found  to  be  within  the 
safe  limits  previously  specified.  Except  at  anchor 
bridge  structures,  which  are  to  be  placed  at 
certain  points  along  the  line,  no  allowance  has 
been  made  for  broken  wires  because,  with  proper 
provision  in  the  design,  the  failure  of  wire  con- 
struction is  not  more  probable  than  that  of  other 
types  of  construction.  The  insulators  to  which 
the  wires  are  to  be  attached  cannot  be  regarded  as 
possessing  the  same  degree  of  reliability,  and  the 
possibility  of  a  broken  insulator  at  a  support,  with 
the  consequent  unbalanced  condition  of  loading, 
has  been  provided  for.  Such  a  condition  would 
remove  the  load  of  the  messenger  system  from  one 
bridge  and  allow  the  wire  to  sag  for  a  6oo-foot 
span,  thereby  placing  an  unbalanced  load  on  the 
adjacent  bridges.  Allowance  has  also  been  made 
for  the  unbalanced  conditions  caused  by  a  wind 
and  ice  load  acting  on  one  span  and  not  on  the 
adjacent  ones.  The  design  of  the  structures 
employed  to  maintain  the  position  of  the  messen- 
ger and  contact  wires  will  be  hereinafter  described 
(section  213.025). 


Yard  Track  Construction 
A  type  of  overhead  construction  simpler  and 
lighter  than  that  used  for  main  lines  has  been 
selected  for  yard  tracks.  It  consists  of  a  J-inch 
stranded  steel  messenger  cable  of  extra  high 
strength,  from  which  a  No.  oo  A.  W.  G.  grooved 
copper  contact  wire  is  suspended  by  light  hangers 
spaced  at  intervals  of  15  feet.  Over  busy  tracks, 
such  as  ladder  tracks  or  open  tracks  much  used 
for  switching,  No.  oooo  A.  W.  G.  contact  wire 
is  used.  The  contact  wire  is  suspended  at  the 
standard  clearance  distance  of  25  feet  above  the  top 
of  the  rails  and  on  tangents  is  directly  above  the 
center  line  of  the  track.  On  curves  and  cross- 
overs, departure  from  a  position  directly  above  the 
center  line  is  permitted,  but  such  departure  will 
not  exceed  six  inches,  pull-off  poles  or  structures 
being  provided  when  necessary  to  maintain  this 
position.  The  messenger  is  normally  supported 
by  cross  catenary  spans  located  at  3oo-foot  in- 
tervals, but  both  the  character  and  spacing  of 
supports  are  frequently  modified  to  fit  the  many 
and  varying  conditions  to  be  found  in  yards. 
The  design  and  location  of  the  structures  provided 
to  maintain  the  position  of  the  messenger  and 
contact  wires  over  yard  tracks  will  be  hereinafter 
described  (section  213.025). 

Industrial  Track  Construction 
Owing  to  the  fact  that  much  of  the  industrial 
track  is  laid  in  the  least  expensive  manner  and  is 
subjected  to  frequent  changes  in  arrangement,  the 
overhead  construction  selected  for  such  tracks  is 
of  a  type  which  costs  considerably  less  than  that 
used  either  on  main  or  on  yard  tracks.  The 
design  provides  for  a  A-inch  stranded  steel  mes- 
senger cable,  from  which  a  No.  oo  A.  W.  G. 
copper  contact  wire  is  suspended  by  means  of 
-J-inch  hangers  spaced  at  intervals  of  15  feet. 
The  messenger  cable  is  supported  by  bracket 
or  by  cross-span  construction  with  wooden  poles 
spaced  at  intervals  of  150  feet  on  tangent  track, 
and  at  such  distance  on  curves  as  is  found 
necessary  to  maintain  the  position  of  the  con- 
tact wire  within  six  inches  of  a  line  directly  above 
the  center  of  the  track.  Where  the  number 
of  parallel  tracks  in  industrial  yards  is  greater 
than  five  or  where  industrial  yards  are  similar  in 
other  respects  to  the  more  important  yards,  the 
type  of  overhead  construction  and  supporting 
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structures  designed  for  yards  has  been  used.  The 
description  and  location  of  structures  provided 
to  maintain  the  position  of  the  messenger  and 
contact  wires  over  industrial  tracks  are  treated 
in  the  following  section. 

213.025  Supporting  Structures  for  Overhead 
Contact  System  for  Alternating  Current  at  1 1 ,000 
Volts:  Standard  designs  of  structures  for  sup- 
porting the  overhead  construction  described  in 
the  preceding  section,  upon  which  estimates  are 
based,  have  been  prepared  for  each  class  of 
track.  Structures  of  special  design  are  also  pro- 
vided to  meet  special  conditions.  Existing  struc- 
tures which  can  be  adapted  or  modified  to  serve 
as  supporting  structures  for  the  overhead  con- 
tact system,  are  to  be  retained.  The  designs  em- 
ployed and  the  methods  followed  with  reference 
to  spacing,  anchoring  and  other  factors  will  be 
set  forth  in  the  paragraphs  which  follow. 

Use  Made  of  Existing  Structures 

In  practically  all  cases  it  has  been  found  * 
that  existing  signal  bridges  can  be  adapted 
to  the  requirements  of  supporting  structures 
for  the  overhead  contact  system  by  raising  the 
cross-spans  to  the  proper  elevation.  To  accom- 
plish this,  provision  has  been  made  for  splicing 
additional  sections  to  the  bridge  legs  and  to 
the  pipe  and  wire  connections  employed  in  the 
operation  of  the  signals.  This  process  neces- 
sitates the  raising  of  the  signals  now  supported 
by  the  bridges,  but  since  in  most  cases  this 
increased  height  of  signals  would  not  be  ob- 
jectionable, no  provision  has  been  made  to 
cover  cost  of  alterations  or  changes  in  the 
location  of  the  signals  on  the  bridges.  It 
has  been  assumed  that  each  existing  signal 
bridge  will  be  used  in  place  of  the  new  support- 
ing structure  which  would  otherwise  be  re- 
quired. The  cost  of  altering  signal  bridges  has 
been  included  in  the  cost  of  the  structures 
for  the  contact  system. 

Supporting  Structures  for  Overhead  Contact 

System  for  Main  Tracks 
The  Committee's  specifications  provide  a 
3oo-foot  spacing  of  supporting  structures  for 
the  overhead  contact  system  along  main  line 
tracks.  Designs  for  the  supporting  structures 
have  been  based  upon  the  loading  imposed  by 


the  messenger  cables  and  their  connected  wires, 
considered  in  connection  with  maximum  wind 
and  ice  loads  (section  213.023).  Preliminary 
designs  of  the  following  types  of  structures 
have  been  prepared: 

1 .  Strut  bridge  with  straight  posts. 

2.  Strut  bridge  with  spread  posts. 

3.  Cross  catenary  with  guyed  structural  poles. 

4.  Cross  catenary  with  guyed  tubular  poles. 

The  estimated  costs  of  the  several  types  of  sup- 
porting structures  for  spanning  various  numbers 
of  tracks  were  plotted  as  shown  by  fig.  630. 

It  will  be  seen  that  the  cross  catenary  type  of 
support  with  guyed  tubular  poles  is  considerably 
cheaper  to  install  than  any  of  the  other  types. 
This  type  also  offers  less  obstruction  to  the  view 
of  signals  than  any  form  of  structural  steel  span. 
The  cross  catenary  type  of  structure  with  guyed 
tubular  poles  has  therefore  been  adopted  for 
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FIG.  630.  COST  DIAGRAM.  Estimated  Costs  of  Different 
Types  of  Supporting  Structures  for  Main  Track  Overhead 
Contact  Construction. 


86o 


SMOKE  ABATEMENT  AND  ELECTRIFICATION  IN  CHICAGO 


use  wherever  right-of-way  conditions  will  permit. 
Designs  of  this  type  of  construction  have  been 
completed  and  used  as  a  basis  for  the  estimates. 
They  are  shown  by  drawings  presented  as  figs. 
631  to  633,  inclusive. 

In  cases  where  tracks  are  located  close  to  the 
edge  of  the  right-of-way  or  where  other  local  con- 
ditions prevent  the  use  of  guys,  a  strut  bridge 
with  straight  posts  will  cost  less  than  the  un- 
guyed  structure  with  spread  posts  covered  by 
the  preliminary  designs.  This  type  has  therefore 
been  adopted  for  such  locations,  and  designs  com- 
pleted and  used  as  a  basis  for  the  estimates. 
These  designs  are  shown  by  the  drawings  pre- 
sented as  figs.  634  to  636,  inclusive. 

Anchor  bridges  have  been  provided  at  intervals 
of  two  miles  unless  special  conditions  require 
closer  spacing.  They  are  also  located  at  all 
important  dead-ends  and  on  both  sides  of  track 


crossings  at  grade,  whether  of  steam  or  electric 
railroads.  The  anchor  bridges  are  designed  to 
withstand  the  load  imposed  by  a  condition  of 
maximum  wind  and  ice  strains  on  the  wires  with 
all  wires  broken  on  one  side  of  the  structure. 
The  designs  of  anchor  bridges  for  two,  four  and 
six  tracks  which  have  been  used  as  the  basis  of 
estimates  are  shown  by  figs.  637  to  639,  inclusive. 
All  of  these  main  track  structures  are  designed 
to  support  ten  auxiliary  wires  in  addition  to  the 
load  of  the  contact  and  supporting  wires.  Four 
transmission  wires  and  one  ground  wire  may  be 
placed  on  each  of  the  two  extensions  to  the  posts 
or  poles  at  the  sides  of  the  cross-span.  In  cases 
where  more  transmission  wires  are  required,  addi- 
tions to  the  structures  are  to  be  provided.  The 
cost  of  such  additions,  as  well  as  the  cost  of  all 
wires,  pins  and  insulators  for  transmission  lines, 
are  presented  separately  under  the  estimates  of 


fct  <•***>  taoanw  or 

C<M*TTtC  Of 

>  CuCTMrtCMHM    OT 


Etev  Top  of  Bail 


TYPICAL  TWo  TBACK 
fUiN  LINE  CBOSS  CATENARY  SPAN 

Scale  Old  rail?  m  concrete 


FIG.  631.    TYPICAL  TWO  TRACK  CROSS  CATENARY  SUPPORT  FOR  CONTACT  SYSTEM 


ESTIMATED  COST  OF  COMPLETE  ELECTRIFICATION 


861 


862          SMOKE  ABATEMENT  AND   ELECTRIFICATION   IN  CHICAGO 


I 


C/5 


u 
u: 


X 

33 

u 


o 
5. 


ESTIMATED  COST  OF  COMPLETE  ELECTRIFICATION 


863 


THE  CHICAGO  A*«J«ATION  or  COMMEBCC 

COMMITTEE  or  INVESTIGATION  ON  SMOKE  ABATEMENT 

AND  ELECTRIFICATION  or  RAILWAY  TERMINALS 

Office   of  Chief  Ertfntcr         Chicago.    I9H 


in)  i  n  1      i  n  1   ro  1 


TVPICAL  Tw  TRACK 
AAIN  LINE  iNTtenEDiATE  BCIDOE 

Scale: 

*         o         *         I         it  n 
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FIG.  636.    TYPICAL  SIX  TRACK  STRUT  BRIDGE  WITH  STRAIGHT  POSTS 
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FIG.  638.    TYPICAL  FOUR  TRACK  ANCHOR  BRIDGE 


the  cost  of  transmission  system  (section  213.012). 
Intermediate  pull-off  poles,  either  guyed  or  self- 
supporting,  have  been  designed  for  use  between 
supporting  structures  on  curves  of  more  than  four 
degrees.  The  design  of  a  typical  self-supporting 
pole  provided  for  this  purpose  is  shown  by  fig.  640. 

Supporting  Structures  for  Overhead  Contact 
System  for  Yard  Tracks 

For  yards  having  many  parallel  tracks  and 
sufficient  space  at  the  sides  for  guying,  the 
Committee's  specifications  provide  for  cross  cat- 
enary construction  spaced  at  3oo-foot  intervals. 
The  supporting  structures  consist  of  anchored 
steel  poles  at  the  ends,  with  intermediate  poles 
between.  Where  it  was  not  possible  to  provide 
for  anchoring  the  end  poles,  side  anchor  bridges 
were  specified.  The  number  of  intermediate  poles 
is  variable.  Estimates  show  that  the  economical 
intermediate  span  is  about  250  feet,  or  a  span 
extending  over  20  tracks  laid  at  the  usual  spacing 
28 


employed  in  yards.  This  was  generally  reduced, 
however,  since  it  was  found  that  space  is  often 
available  for  intermediate  poles  without  changing 
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FIG.  641.     TYPICAL  STRUCTURAL  STEEL  END  POLE  FOR  CROSS  CATENARY 
YARD  TRACK  CONSTRUCTION 


the  track  spacing  or  cutting  out  tracks.  To  take 
advantage  of  these  conditions,  it  was  generally 
necessary  to  reduce  the  span  length.  The  tracks 
to  be  abandoned  or  removed  average  less  than 
two  per  cent  of  the  total.  Designs  of  a  struct- 
ural steel  end  pole,  of  an  intermediate  pole  and 
of  a  side  anchor  bridge  for  cross  catenary  yard 
track  construction  are  shown  by  figs.  641  to  643, 
inclusive. 

A  typical  example  of  the  cross  catenary  con- 
struction provided  for  yards  is  shown  by  fig.  644. 
This  drawing  shows  an  anchored  end  pole,  an 
intermediate  pole  and  a  side  anchor  bridge  set 
in  place  to  provide  support  for  the  overhead 
contact  system  for  26  tracks.  In  this  particular 
case  the  track  spacing  was  such  that  it  was  pos- 
sible to  find  the  necessary  space  for  all  supports 
without  changing  track  centers  or  removing 
any  tracks.  The  four  tracks  at  the  left  are  main 
tracks  and  have  the  secondary  messenger  and 
No.  oooo  A.  W.  G.  contact  wire. 
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Supporting    Structures  for    Overhead    Contact 
System  for  Industrial  Tracks 

The  type  of  supporting  structure  for  the  over- 
head   contact    system    for    spur    tracks    serving 
industries,  upon  which  estimates  have  been  based,     p,G  ^    TYpICAL  INTERMEDIATE  POLE  FOR  CROSS 
consists  of  a  western  cedar  pole  with  a  commercial  CATENARY  YARD  TRACK  CONSTRUCTION 


TYPICAL  VXao 
IKTERAEDIATE  CROSS  OTENAKV  POLE 

Sod.- 


868          SMOKE  ABATEMENT  AND  ELECTRIFICATION  IN  CHICAGO 


Tut  Cmooo  As  loci « ion  or  CaMMEBCc 
COMMITTEE  or  INVESTIGATION  ON  SMOKE  ABATEMENT 

AND  ClXCTBiriCATION    OT  RAILWAY   TERMINALS 


1 

:  ; 

k/l\/l\/ 

\yl\/l\/l\/l\/l\/I\/l\/l  ] 

ATCMENT 

-tl*\t*fL 

T 

TYPICAL  Five  TRACK 
SIDE-ANCHOC  BHJDOE 

«        «        i        in 


FIG.  643     TYPICAL  FIVE  TRACK  SIDE  ANCHOR  BRIDGE  FOR  CROSS  CATENARY 

YARD  TRACK  CONSTRUCTION 
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form  of  steel  bracket  to  support  the  wires.  For 
industrial  tracks  grouped  in  small  yards  of  four 
or  five  tracks,  a  span  construction  with  guyed 
wooden  poles  has  been  used  for  supporting  the 
overhead  contact  system.  In  all  cases  where 
wooden  poles  are  used,  they  have  been  spaced 
at  intervals  of  150  feet  except  where  curves  or 
other  conditions  required  a  closer  spacing.  In  a 
few  cases  where  space  could  not  be  found  for 
poles,  buildings  or  other  structures  will  serve  as 
supports.  Where  the  number  of  tracks  exceeds 
five  or  six,  a  cross  catenary  construction  with 
steel  supports  similar  to  those  used  for  yard 
tracks  has  been  specified. 

213.026  Materials  and  Unit  Costs  for  Over- 
head Contact  System  for  the  n,ooo-Volt  Alter- 
nating Current  System :  The  quantity  of  material 
and  the  cost  of  the  labor  and  material  required 
for  the  overhead  contact  system,  for  n,ooo-volt 
alternating  current,  have  been  estimated  for  each 
class  of  track  and  the  average  cost  per  mile  of 
track  determined,  as  a  basis  for  estimating  total 
costs.  The  quantity  of  material  required  for 
each  type  of  supporting  structure  for  the  over- 
head contact  system  on  main  line  tracks  is  shown 
by  table  CCLXXVI. 


TABLE  CCLXXVI.    QUANTITY  OF  MATERIAL  REQUIRED  FOR  DIF- 
FERENT TYPES  OF  SUPPORTING  STRUCTURES  FOR  MAIN 
TRACKS.   BY   NUMBER  OP  TRACKS  SPANNED. 
ii.ooo-VOLT  A.   C.   SYSTEM 


TABLE  I  CLXXVII.     QUANTITY  OF  MATERIAL  REQUIRED  FOR 

DIFFERENT  TYPES  OP  SUPPORTING  STRUCTURES  FOR 

YARD  TRACKS.  ii.ooo-VOLT  A.  C.  SYSTEM 


Type  of  Supporting  Structure 

Number  of 
Tracks 
Spanned 

Fig.No. 

Total  Quantity  for 
Structure  not  including 
Anchora  and  Rods 

Concrete  in 
Foundation 
CubicYarda 

Steel 
Structure 
Pounds 

1 

3 

3 

4 

& 

2 
4 
6 
2 
4 
6 

M 

4 
6 

631 
632 
633 
634 
635 
636 
637 
638 
639 

4.7 
6.0 
9.7 
9.6 
10.7 
15.7 
30.6 
45.3 
45.3 

3,270 
3,930 
4,460 

I..J-.0 

10,870 
14,630 

HI.L'L'U 

17,670 
30,680 

Intermediate  bridge  

Anchor  bridge  

Anchor  bridge  

The  quantity  of  material  required  for  each 
type  of  supporting  structure  for  the  overhead 
contact  system  for  yard  tracks  is  shown  by  table 
CCLXXVII. 

The  quantity  of  messenger  cable,  contact  wire, 
insulators,  anchors,  fittings  and  other  materials 
per  mile  of  track  was  determined  for  each  type 
of  construction. 

Prices  upon  which  estimates  were  based  were 
obtained  from  quotations  and  price  lists  of  manu- 


Type  of  Structure 

n<  NO. 

Total  Quantity  (or 

Structure  not  n,  'lulling 
Anrhori  and  Hod» 

Concrete  in        Steel 
Foundation    Structure 
•Cubic  Yard      Poundi 

1 

, 

4 

Ml               6.7 
Ml             12.8 
•43              19.4 

3.130 
4,810 

Yard  intermediate  crow  catenary  pole.  . 
!•  I'-'-'trnrk  yard  aide  anchor  bridge  .  .  . 

facturing  and  supply  firms.  The  most  important 
labor  items  were  reduced  to  cost  per  mile,  while 
other-items  of  labor  incident  to  special  or  peculiar 
conditions  were  supplied  in  per  cent  of  total  or  in 
fixed  amounts  from  the  experience  and  study  of 
the  Committee's  engineers. 

The  base  price  of  copper  wire  was  estimated 
at  $0.1775  Per  pound  at  Chicago.  The  average 
base  price  at  Chicago  for  the  year  1912  was 
$0.179  Per  pound  and  the  average  for  the  ten 
years  from  1904  to  1913,  inclusive,  was  $0.1697. 

The  cost  of  both  structural  steel  shapes  and 
tubular  steel  poles  erected  and  given  one  coat 
of  paint  was  estimated  at  $0.04  per  pound. 

The  cost  of  concrete  foundations  in  place  was 
estimated  at  $12 .00  per  cubic  yard. 

The  cost  of  wooden  poles,  40  feet  long  with 
9-inch  tops  and  treated  butts,  was  estimated  at 
$14.20  each,  in  place. 

The  cost  of  labor  for  erecting  all  main  track 
longitudinal  wire  systems,  including  steady  strains, 
was  estimated  at  $866  per  mile  of  single  track. 

The  degree  to  which  the  several  types  of  con- 
struction are  adapted  to  the  requirements  of  the 
main  track  overhead  contact  system  under  the 
conditions  which  exist  on  the  several  railroads 
to  be  electrified,  was  determined  by  laying  out 
the  details  of  construction  for  representative 
sections  of  the  main  lines  of  these  railroads. 
The  corrected  right-of-way  plats  furnished  by 
the  railroads  were  used  for  this  purpose,  and  the 
type  of  construction  best  suited  to  each  section 
of  main  track  within  the  limits  of  electrification 
was  determined  and  tabulated  by  route  elements. 
To  the  unit  cost  per  mile  of  track  for  supporting 
structures  erected  was  added  the  cost  per  mile 
of  track  for  the  longitudinal  wires,  insulators  and 
other  materials  in  place.  On  this  basis,  the  es- 
timated unit  costs  of  labor  and  material  per  mile 
of  main  track  for  the  overhead  contact  construc- 
tion erected  and  complete,  including  supporting 
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structures,  foundations,  line  work  and  anchor 
bridges,  are  shown  by  table  CCLXVIII. 

Where  main  tracks  pass  through  or  are  adjacent 
to  yards,  and  part  of  the  construction  provided 
for  the  yard  tracks  is  to  be  used  to  support  the 
contact  system  over  the  main  tracks,  the  cost  of 
that  portion  properly  belonging  to  the  main  tracks 
was  obtained  in  connection  with  the  cost  for  the 
other  tracks  of  the  yard. 

Estimates  were  made  of  the  cost  of  the  special 
work  at  grade  crossings  for  both  n,ooo-volt  lines 
and  6oo-volt  trolley  lines.  Although  two  anchor 
bridges  have  been  provided  for  each  such  crossing, 


classification,  make-up,  team  track,  freight  house 
and  other  work.  Finally,  10  yards  were  selected 
as  typical  of  all  yards  to  be  considered  and  the 
cost  of  the  complete  contact  system  determined  for 
each.  These  yards  and  the  estimated  unit  costs 
of  labor  and  materials,  per  mile,  for  overhead 
contact  construction  complete  for  main  tracks 
through  yards  and  yard  tracks,  including  sup- 
porting structures,  foundations,  anchors,  dead- 
ends, pull-offs,  and  line  work,  are  shown  by  table 
CCLXXIX,  which  also  includes  the  unit  costs 
adopted. 

The  plans  of  every  yard  within  the  limits  of 


TABLE  CCI.XXVIII. 


ESTIMATED  UNIT  COSTS  OP   LABOR  AND  MATERIAL  FOR  OVERHEAD  CONTACT  CONSTRUCTION.  PER  MILE 
OF  MAIN  TRACK.  II.ooo-VOLT  A.  C.  SYSTEM 
(Buii  of  ioi  J) 


Type  of  Support 

uyk 
» 

Co«t  pw  Mile  of  Sincle  Track 

Track* 

Timeta 

Tmck* 

5 
Trmck* 

6 
Trmck» 

1 

* 

* 

4 

6 

7 

C 

300 

HO 
300 

300 
230 

-'"" 

300 
250 
300 

16,4)0 

,    ,,,, 

7.174 

0,130 
•311 

8,500 

8,700 

J4\t 

.,.,., 

$4.800 
5.180 
8.100 

6.020 
.,  167 
7,747 

A,  100 

..-17 

-.77 

•4.500 

i  'in 
5,672 

5,390 

-,..,-„ 
7.201 

5.780 

'.   11!! 
77-. 

14.370 
1,780 
5.440 

6.230 
J.TI7 

8.767 

5.480 

...'.'.7 
7.187 

- 

i  KM 

5,080 

:,.:,7'i 
0.403 

5,270 

-,„,., 
«.«90 

it  has  been  assumed  that  in  all  cases  one  of  these 
could  serve  for  the  adjacent  two-mile  section 
and  therefore  only  one  was  included  in  the  cost 
of  the  crossing.  The  difference  between  the  cost 
so  obtained  and  the  cost  of  the  standard  work 
otherwise  required  for  the  trackage  involved  was 
taken  as  the  amount  to  be  added  for  the  crossing. 
These  amounts  for  special  work  at  grade  crossings 
were  divided  among  the  different  railroads  in- 
volved, in  proportion  to  the  lineal  feet  of  track 
owned  by  each  railroad,  within  the  limits  of  the 
special  work  included. 

On  account  of  the  special  character  of  yard 
construction,  it  was  more  difficult  to  arrive  at  cor- 
rect average  costs  for  these  tracks  than  for  main 
tracks.  Preliminary  to  analyzing  the  unit  cost 
feature,  the  construction  required  in  28  yards 
belonging  to  n  different  railroads  was  carefully 
laid  out  in  complete  detail,  in  order  to  deter- 
mine the  most  satisfactory  arrangement  and  the 
various  kinds  of  auxiliaries  and  fittings  that  would 
best  meet  the  requirements,  and  in  order  also  to 
ascertain  to  what  extent  the  several  yards  differed. 
Both  large  and  small  yards  were  included  for 


electrification  were  carefully  studied  and  many 
of  the  yards  were  inspected  by  the  Committee's 
engineers.  As  a  result  of  this  study,  the  class 
to  which  each  yard  properly  belonged  was  deter- 
mined. The  cost  was  then  found  by  multiplying 
the  number  of  miles  of  main  track  and  of  yard 
track  within  the  yard  by  the  respective  unit  costs 
applicable  to  each.  In  some  cases  it  was  neces- 
sary, after  classifying  a  yard,  to  modify  the  unit 
cost  because  of  some  essential  variation  from  the 
standard. 

The  cost  of  the  overhead  contact  system  for 
industrial  spur  tracks  was  determined  by  lay- 
ing out  the  construction  for  such  tracks  on  the 
plans.  The  cost,  including  deflectors,  dead-ends 
and  other  construction  not  affected  by  the  length, 
was  estimated  for  various  lengths  of  spurs  with 
average  spans  of  45  to  90  feet.  The  estimated 
costs  of  i  so-foot  spans  on  tangent  track,  exclusive 
of  deflectors  and  dead-ends,  and  that  of  spans 
of  45  to  90  feet,  including  deflectors  and  dead-ends, 
are  shown  by  the  diagram  presented  as  fig.  645. 

For  each  route  element  (section  104.05)  the 
number  of  spurs,  number  of  spans  and  total  length 


ESTIMATED  COST  OF  COMPLETE  ELECTRIFICATION 


871 


TABLE  CCLXXIX.     ESTIMATED  COSTS  OP  LABOR  AND  MATERIAL  FOR  OVERHEAD  CONTACT  CONSTRUCTION  FOR  TEN  TYPICAL 

RAILROAD  YARDS.  PER  MILB  OP  TRACK.  WITH  UNIT  COSTS  ADOPTED 

<BMU  of  1911) 


Location  of  Yard 

Railroad 

Mi 

Mam 
Track 

k,  of  Tr 

Yard 
Track 

ack 

Total 
Track 

l-.«ii  rt 
Cost 
Mil 
Tn 

Main 
Track 

lated 

•  •.( 
rk 

Yard 
Track 

AdopU 
Co* 
Mil 
Tr. 

Main 
Track 

.1  Unit 

(py 

•  of 

>ck 

Yard 

Track 

1 

a 

Western  Are  

Chicago  ft  North  Western  Ry.  and  Chicago,  Milwaukee 
ft  St.  Paul  Ry  .  

13.00 

3.14 
12.03 
7.38 

1.02 
4.44 

2  40 
1.11 

65.40 

14.02 

S.VB2 
3.78 

1.01 
fi.83 
2.83 
1  40 
1  84 
'.  41! 

00.18 

17.70 

',7  .,-, 
11.10 

2  03 
10  27 
8  20 
2.57 
1.85 
:,  IJ 

$4,080 

B.I  10 

5,600 

MM 

0.050 

4,780 
i£M 

MM 

S2.000 

2.800 
8JH 

3,070 

LMO 

3,070 
8,190 

:,.-,7ri 
3,570 
2.580 

15.000 

0,100 

-.  .-j», 

sisou 

0.700 

uoo 

IjtQO 
0,300 

J.-I.IIO.I 

2,000 
3.000 
3,700 

4.400 
3.100 

.1  j..., 
5.000 
;  .**, 
2.000 

Kol«e«... 

Minneapolis,  St.  Paul  A  Sault  Ste   Marie  Ry     

12th  St.  to  Randolph  8t     . 

Illinois  Central  R  It  &  Michigan  Central  R  R 

Robey  St.  and  Carroll  Ave  

Pittsburgh,  Cincinnati,  Chicago  ft  St.  Louis  Ry.,  Chicago 
A  North  Wcstuni  Ry.  and  Chicago,  Milwaukee  ft  St. 
Paul  Ry      .                     

Hayford  

Grand  Trunk  Western  Ily 

Baltimore  ft  Ohio  H   R 

North  Ave.           

Chicago  &  North  Weatern  Ry       .                   

Ruffington*  

Kluin,  Joliet  ft  Eastern  Ry  



1  Not  to  be  electrified.     Beyond  the  limits  of  electrification  as  finally  determined. 


of  spur  track  construction  were  taken  from  the 
plans,  and  the  average  length  of  spur  and  average 
length  of  span  determined.  The  cost  of  contact 
construction  of  a  spur  of  this  average  length  and 
average  span  was  taken  from  the  diagram  (fig. 
645),  and  when  multiplied  by  the  number  of  spurs 
in  the  element  gave  the  cost  of  this  class  of 
construction  in  the  element  involved.  This  pro- 
cedure was  repeated  for  all  elements  having 
spur  tracks. 

The  unit  costs  of  the  overhead  contact  system 
for  industrial  tracks  grouped  in  small  yards, 
were  estimated  by  laying  out  the  construction  in 
detail  on  the  plans  of  about  ten  per  cent  of  all 
such  tracks. 

A  diagram  including  all  costs,  except  poles  and 
anchors,  was  prepared  to  facilitate  this  work. 
The  cost  of  poles  and  anchors  was  considered  sep- 
arately, as  it  was  possible  in  some  instances  to 
avoid  such  costs  by  attaching  the  cross-spans 
to  buildings  or  other  structures.  This  diagram  of 
estimated  costs  for  industrial  yard  tracks  is  pre- 
sented as  fig.  646. 

The  estimated  unit  costs  of  labor  and  material 
for  the  overhead  contact  system  complete  for 
typical  industrial  yard  tracks,  as  determined  from 
detailed  plans,  are  shown  by  table  CCLXXX. 

The  estimates  of  the  remaining  90  per  cent  of 
these  industrial  yard  tracks  were  based  upon  the 
unit  costs  determined  from  those  laid  out  in  de- 
tail, by  the  same  general  method  as  that  applied 
to  the  more  important  railroad  yards. 

213.027  Estimated  Costs  of  Labor  and  Material 
for  Overhead  Contact  System  for  the  u,ooo-Volt 


Alternating  Current  System,  on  the  Basis  of  the 
Requirements  of  1912,  Excluding  all  Allowances 
for  Contingencies  and  for  Engineering:  The 


200 
100 


400        800        1200       1600       2000 

FIG.  645.     ESTIMATED  COSTS  OF   INDUSTRIAL 

SPUR    TRACK    OVERHEAD    CONTACT 

CONSTRUCTION 


872 


SMOKE  ABATEMENT  AND  ELECTRIFICATION  IN  CHICAGO 


10         20         30        40         50         60         70 

FIG.  646.    ESTIMATED  COSTS  OF  INDUSTRIAL  TRACK  OVERHEAD 
CONTACT  CONSTRUCTION 


estimated  costs  of  labor  and  material,  excluding 
all  allowances  for  contingencies  and  for  engineer- 
ing, for  the  overhead  contact  system  for  alternat- 
ing current  at  11,000  volts  for  all  tracks  to  be 
electrified,  by  roads  and  by  classes  of  track,  under 
conditions  which  obtained  in  1912,  are  shown 
by  table  CCLXXXI. 

213.028  Overhead  Construction  for  the  2,400- 
Volt  Direct  Current  System:  The  types  of  over- 
head construction  for  the  2,4oo-volt  direct  current 
system  which  have  been  designed  for  main  tracks, 
yard  tracks  and  industrial  tracks,  are  described 
in  the  following  paragraphs. 

Main  Track  Construction 
For  main  tracks  the  type  of  construction  adopt- 
ed consists  of  a  f-inch  stranded  steel  messenger 
cable  supporting  a  No.  oooo  A.  W.  G.  steel  sec- 
ondary messenger,  from  which  are  suspended  two 
No.  oooo  A.  W.  G.  grooved  copper  contact  wires. 


The  wire  construction  is  otherwise 
generally  similar  to  that  described 
for  the  n.ooo-volt  system.  Two 
contact  wires  are  used  for  the  di- 
rect current  system  in  order  to  give 
the  necessary  contact  surface  re- 
quired for  collecting  the  greater 
current  at  the  lower  voltage.  The 
messenger  cable  has  been  made 
larger  because  of  the  greater  load. 
In  those  places  where  this  con- 
struction does  not  provide  suf- 
ficient conductivity,  a  No.  oooo 
A.  W.  G.  copper  wire  has  been 
used  instead  of  a  steel  wire  for 
the  secondary  messenger,  and  bare 
copper  cables  of  the  required  cross- 
section  are  carried  on  the  exten- 
sions to  the  posts  or  poles  of  the 
supporting  structure.  The  cost  of 
this  has  been  included  as  a  part 
of  the  cost  of  the  contact  system. 


Yard  Track  Construction 
For  yard  tracks  the  estimates  are  based  on  the 
use  of  a  single  No.  oooo  A.  W.  G.  grooved  copper 
contact  wire  supported  from  a  A-inch  stranded 
steel  messenger  cable.  The  wire  construction  is 
otherwise  generally  similar  to  that  described  for 
the  n.ooo-volt  system. 

Industrial  Track  Construction 
For  industrial  spur  and  yard  tracks,  a  type  of 
construction  has  been  used  for  the  basis  of  the 
estimates  which  differs  from  that  described  for 
the  n,ooo-volt  system  only  in  that  a  No.  oooo 
A.  W.  G.  copper  contact  wire  has  been  substituted 
for  a  No.  oo  A.  W.  G.  copper  wire. 

213.029  Supporting  Structures  for  Overhead 
Contact  for  the  2,400- Volt  Direct  Current  System: 
Structures  have  been  designed  for  supporting  the 
2,400-volt  direct  current  overhead  construction 


TABLE  CCLXXX.     ESTIMATED   UNIT   COSTS  OF  LABOR  AND    MATERIAL   FOR   OVERHEAD    CONTACT   SYSTEM 

FOR    INDUSTRIAL  YARD    TRACKS 
(Basit  of  1919) 


Location  of  Yard 

Industry 

Description 

Miles  of 
Track 

Estimated 
Cost  per 
Mile  of 
Track 

1 

2 

3 

4 

6 

Ashland  Ave.  and  43d  St  

Swift  *  Co  

'    '7 

(2800 

Morgan  St.  between  45th  and  4Cth  sts.  . 
106th  St.  and  Torrence  Ave  

Arms  Palace  Car  Co  
Wisconsin  Steel  Co  

Fan  shaped  yard  and  some  buildings  .  .  . 
Combination  spur  and  yard  tracks  

3.00 
4.00 

2.800 
4.100 
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TABLE  CCLXXXI. 


ESTIMATED  COSTS  OP  LABOR  AND  MATERIAL  FOR  OVERHEAD   CONTACT   SYSTEM. 
BY  ROADS.  H.OOO-VOLT  A.  C.  SYSTEM 
(Basis  of  lou) 


Railroad 

£1 

«& 

Adjaorat 
Industrial 
Track* 

'» 

Total 
lor 
All  Track* 

1 

a 

» 

4 

• 

I  181,218 

$170,674 

t  23  130 

f  354  622 

Baltimore  A  Ohio  R.  R  

180  Ml 

83075 

5  IOO 

277410 

Baltimore  A  Ohio  Chicago  Terminal  R.  R  

307,007 

156411 

29.100 

681.618 

•  t   •'  <  i 

o 

24  200 

Cheupeake  ft  Ohio  Ry.  of  Indiana  .  .  . 

0 

050 

o 

060 

Chicago  4  Alton  R.  R  

l'i>,  '.i  1 

131  730 

13  100 

251  484 

Chicago  A  Calumet  Uivcr  R.  R  

13900 

53  580 

07  480 

Chicago  4  Eastern  I  Union  R.  R  

'!     l.-v     . 

02771 

•1    :  "i 

7'.  7-  . 

Chicago  A  Erie  R.  R  

•:i  !»;•. 

90685 

1  035 

126780 

Chicago  A  North  Western  Ry  

I    r,7  I7'i 

>7^   f'  1 

:••  U  1 

2  276  527 

Chicago  A  Western  Indiana  R.  R.  and  the  Belt  Ry.  of  Chicago  

7<;:<  •.''> 

MM  MM 

•  69,111 

1,377.750 

Chicago,  Burlington  A  Quincy  R.  R  

400  680 

;l   •  ,,-,7 

70  560 

702  043 

Chicago  Great  Western  R.  R  

3981 

•  ,'l    .•  - 

180 

64  161 

Chicago,  Indiana  A  Southern  R.  R  

'•'<  Ml 

.,  M  • 

0 

68020 

Ohiflftgo,  Indianapolis  A  I/ouisvillft  Ry  

25,263 

'.  .'.iis 

0 

31  671 

Chicago  Junction  Ry  

245,380 

inr  77  ; 

127614 

780  767 

Chicago,  Milwaukee  A  St.  Paul  Ry  

-,S-  7'i  • 

459704 

78093 

1  126  580 

Chicago  River  A  Indiana  R.  R  

It  IV.  • 

3  510 

15060 

43652 

Chicago,  Rock  Island  A  Pacific  Ry  

406  440 

'  '  i   :  ;  i 

o 

630774 

Chicago  Short  Line  Ry  

o 

3004 

]•»  I  :•. 

22  540 

Chicago  Union  Transfer  Ry  

43  560 

8  220 

650 

52430 

Chicago,  West  Pullman  A  Southern  R.  R  

11  709 

<••'  711 

74450 

Elgin,  Joliet  A  Eastern  Ry  

:<••  >i^  ; 

".'H\  nil 

10  015 

433  102 

Grand  Trunk  Western  Ry  

I'1''    I'M, 

]    !  '  '    •.!'«. 

2fi  220 

268  016 

Illinois  Central  R.  R  

844  030 

KH      '  1    ' 

18  773 

1  418  945 

Illinois  Northern  Ry  

33780 

7s 

28  702 

89  160 

Indiana  Harbor  Belt  R.  R  

1  1  1  "*"' 

3  175 

0 

144  460 

Lake  Shore  A  Michigan  Southern  Ry  

506972 

211  279 

4  240 

722  491 

Michigan  Central  R.  R  

137090 

141  778 

4  570 

283  438 

Minneapolis,  St.  Paul  ft  Sault  Ste.  Marie  Ry*  

Nnw  Ynrlr.  Phii-ngn  *  Sf.    LoUJS  H-  R 

165  102 

83  379 

248481 

Pere  Marquette  R.  R  

29  100 

0 

29  100 

Pittsburgh,  Cincinnati,  Chicago  ft  St.  Louis  Ry  

342  192 

260642 

23864 

626698 

Pittsburgh,  Fort  Wayne  A  Chicago  Ry  

652  650 

292  109 

"s  (86 

1  003,344 

47605 

32631 

nn  293 

190528 

Wabash  Railroad  

114.925 

163,835 

2,139 

280309 

Total*  

«7.!>7-..170 

».'..««  5.!>.M 

1800300 

$14.vl(),990 

*  Owns  no  track  to  be  electrified. 

over  each  class  of  track,  and  these  have  served 
as  the  basis  of  the  estimates  of  cost.  They  are 
of  the  same  type  as  those  already  described  for 
the  n,ooo-volt  alternating  current  system  (figs. 
631  to  643,  inclusive)  and  the  same  spacing  has 
been  used.  The  details  and  members  of  main  track 
bridges  are  heavier,  and  the  diameters  of  the  tubu- 
lar poles  for  cross  catenary  construction  have  been 
increased  to  provide  for  the  greater  dead  loads 
imposed  by  the  heavier  catenary  construction,  the 
greater  wind  loads  and,  on  curves,  the  greater 
side  loads  caused  by  increased  tension.  For  yard 
tracks  the  increased  dead  loads  and  tensions  are 
taken  care  of  by  increasing  the  heights  of  inter- 
mediate poles  and  providing  heavier  members 
for  all  structures.  For  industrial  spur  tracks 
and  small  industrial  yards,  structures  identical 
with  those  described  for  the  11,000- volt  system 
have  been  used.  For  large  industrial  yards, 
structures  similar  to  those  described  for  2,400- 
volt  yard  tracks  have  been  used.  The  concrete 


foundations  required  for  the  2, 400- volt  structures 
are  in  nearly  all  cases  larger  than  for  the  1 1 ,000- 
volt  structures. 

Use  Made  of  Existing  Structures 
Provision  has  been  made  for  the  use  of  existing 
signal  bridges  as  described  for  11,000  volts,  but 
in  addition  to  raising  them  it  has  been  necessary 
to  provide  for  strengthening  the  bridge  legs,  and 
the  cost  of  this  work  has  been  included  in  the 
estimates. 

2 13.030  Materials  and  Unit  Costs  for  Overhead 
Contact  for  the  z^oo-Volt  Direct  Current  System: 
The  quantity  of  material  required  for  each  type 
of  supporting  structure  for  the  2, 400- volt  direct 
current  system  has  been  estimated  for  main 
tracks  as  shown  by  table  CCLXXXII. 

The  quantity  of  material  required  for  each 
type  of  supporting  structure  for  the  overhead 
contact  system  for  yard  tracks  is  shown  by  table 
CCLXXXIII. 
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TABLE    CCLXXXII.     QUANTITY  OF   MATERIAL  REQUIRED  FOR 

DIFFERENT  TYPES  OF  SUPPORTING  STRUCTURES  FOR 

MAIN   TRACKS.   3.4OO-VOLT  D.  C.  SYSTEM 


Type  of  Supporting  Structure 

\  ombot 
of  Tracks 
Spanned 

"«• 

No. 

Total    Quantity   lor 
Structure  not  includ- 
ing Anchors  and  Rods 

Concrete  in 
Foundation 
Cubic 
Yard. 

Steel 
Structure 
Pounds 

1 

2 

3 

4 

5 

a 

« 

4 
6 
2 

4 

631 
832 
633 
634 
035 
636 
637 
638 
639 

4.7 
9.1 
13.4 
11.3 
14.8 
19.5 
33.0 
49.3 
62.8 

3.270 
4,000 
5.000 
9.110 
13.940 
.  20,100 
11,400 
19,680 
39.280 

TABLE  CCLXXXIII.     QUANTITY  OF  MATERIAL  REQUIRED  FOR 

DIFFERENT  TYPES  OP  SUPPORTING  STRUCTURES   FOR 

YARD  TRACKS.  J.4OO-VOLT  D.  C.  SYSTEM 


Type  of  Structure 

Fi». 
No. 

Total  Quantity  for  Structure 
tint  including  Anchors 
and  Rods 

Concrete  in 
Foundations 
Cubic  Yards 

Steel 
Structure* 
Pounds 

1 

3 

i 

Anchored  structural  steel  pole  
Yard  intermediate   cross   catenary 

641 

Ml 

643 

6.8 

13.1 

*>   1 

3.160 

-.,.-,, 
IS   40 

Five  track  yard  'side  anchor  bridge 

The  prices  of  materials  for  the  1 1 ,000- volt  sys- 
tem have  been  used  also  in  the  estimates  for  the 
2,4oo-volt  system. 

The  cost  of  labor  for  erecting  main  track  lon- 
gitudinal wire  systems,  including  steady  strains, 
was  estimated  at  $1,088  per  mile  of  single  track. 

In  the  same  manner  as  previously  described  for 
the  n,ooo-volt  system,  the  costs  of  labor  and 
material  per  mile  of  main  track  for  the  2,400- 
volt  overhead  contact  construction  erected  and 
complete  were  estimated  as  shown  by  table 
CCLXXXIV. 

The  unit  cost  of  labor  and  material  per  mile 
of  track  for  2,4oo-volt  direct  current  overhead 


contact  construction,  erected  and  complete,  was 
estimated,  for  the  ten  typical  yards  selected,  as 
shown  by  table  CCLXXXV,  which  also  shows  the 
unit  costs  adopted. 

These  unit  costs  were  applied  to  other  yards 
to  obtain  their  cost,  in  the  manner  described  for 
the  n.ooo-volt  alternating  current  system  (section 
213.026). 

The  cost  of  the  2,400-volt  overhead  construction 
for  industrial  spurs  and  yards  has  been  estimated 
at  $257  per  mile  more  than  for  the  11,000- volt 
construction.  This  addition  covers  the  cost  of 
the  larger  contact  wire  required. 

213.031  Estimated  Costs  of  Labor  and  Material 
for  Overhead  Contact  for  the  2, 400- Volt  Direct 
Current  System  on  the  Basis  of  the  Requirements 
of   1912,  Excluding  all  Allowances  for  Contin- 
gencies  and  for  Engineering:      The  estimated 
costs  of  labor  and  material,  excluding  all  allow- 
ances for  contingencies  and  for  engineering,  for  the 
overhead  contact  2, 400- volt  direct  current  system, 
for  all  tracks  to  be  electrified,  under  the  condi- 
tions which  obtained  in  1912,  are  set  forth  by  roads 
and  by  classes  of  track  in  table  CCLXXXVI. 

213.032  Estimated  Total  Cost  of  the  Overhead 
Contact  System :     The  estimated  total  cost  of  the 
overhead  contact  system  for  the  electric  operation 
of  the  Chicago  railroad  terminals  is  based  on  the 
cost  of  labor  and  materials  as  determined  for  1912, 
extended  in  a  manner  normal  to  these  estimates 
(chapter  212),  the  factors  of  extension  in  this  case 
being  as  follows: 

I.  To  cover  growth  in  mileage  of  railroads,  December 

31,  1912,  to  December  31,  1922 

a.  Contingencies 

3.  Engineering,  design,  supervision  and  administration 

4.  Interest,  insurance  and  taxes  during  construction, 
at  1.75  per  cent  per  annum  for  6  years,  December 
31,  1916,  to  December  31,  1922 


PER  CENT 

30.0 
20.  o 
10. o 


10.5 


TABLE  CCLXXXIV.    ESTIMATED  UNIT  COSTS  OP  LABOR  AND  MATERIAL  FOR  OVERHEAD  CONTACT  CONSTRUCTION.  PER  MILE  OP 

MAIN  TRACK.  Z.4OO-VOLT  D.  C.  SYSTEM 
(Basil  of  1912) 


UfMtt 

Cost  per  ! 

!,:,•  .,i  Bb 

c\,-  nMt 

Type  of  Support 

,.f    .-|.:i:i 

Feet 

Tracks 

Tracks 

Track* 

.-. 

Tracks 

0 

Tracks 

1 

2 

3 

4 

6 

7 

Cross  catenary,  tubular  poles,  track  in  cut  or  on  fill  

300 
250 

t  6,003 
6,831 

$  5,610 

i;  :isn 

*o.37:t 
6438 

$5,240 
9,780 

$5,173 

•.an 

Intermediate  strut  bridge,  track  in  cut  or  on  fill 

200 

300 
250 

7,743 

7.829 

'<  :.*7 

7.080 

6,945 
8,310 

6.743 
6,643 

7.'.  Ml 

6.495 

6,500 

7.4711 

6,294 

6.431 
7,377 

Intermediate  strut  bridge  supported  on  existing  retaining  walls 

200 

300 
250 

11,207 

8,432 
IOJS4 

9,650 

7,270 
8.780 

8.794 

6.928 
8,123 

8,525 

6.740 
7,720 

8.428 

6.623 

7,468 

200 

12.077 

10.210 

B.374 

8.860 

8.555 
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TABLE  CCLXXXV.     ESTIMATED  UNIT  COSTS  OF  LABOR  AND  MATERIAL  FOR  OVERHEAD  CONTACT  CONSTRUCTION 
FOR  TEN  TYPICAL  RAILROAD  YARDS.  PER  MILE  OF  TRACK.  J^oo-VOLT  D.  C.  SYSTEM 

(Bad*  of  19IJ) 


Location  of  Yard 


1 
Western  Avenuu . . . 

Kolie*.  .. 

12th  Street  to  Ran- 
dolph Street  

Robcy  Street 

Hayford 

Gresham 

Indiana  Harbor  ... 

North  Avenue 

Divereey  Avenue . . 
Buffinirton* 


Railroad 

2 

Ml 

Main 
Track 

«•  of  Track 

Yard      Total 
Trark     Track 

Kntimated 
Coil  per 

Milo  of 
Trark 

Main       Yard 
Track     Track 

Adopud  Unit 

Cm  MI 

Mil*  of 
Track 

'  Main      Yard 
Track     Track 

Chicago  A  North  Western  Railway  and  Chicago.  Milwaukee  A  St.  Paul 
Railway 

13.  69 
3.14 

12.03 

7.38 
1.02 
4.44 

2.46 
1.11 

8S.49 
14.62 

55.82 

3.78 
1.91 
5.83 
2.83 
1.46 
1.85 
5.42 

69.18 
17.76 

67.65 

11.16 
2.93 
10.27 
6.29 
2.57 
1.85 
5.42 

15.690    13.365 
6.200      .;,.•!.-, 

6,760      4,295 

6,800      4,110 
8,100     -4,820 
8300,    3.458 
A.480      3,589 
7.950      6.100 
3,910 
2.908 

$5.700    $3.400 
6,200      3.200 

6,760      4.300 

6300      4.100 
8,100      4,800 
5,800      3.500 
5,500      3.600 
8,000      6,100 
....       3.910 
s.ono 

Minneapolis,  St.  Paul  &  Sault  Ste.  Marie  Railway                                .        ... 

Pittsburgh,  Cincinnati,  Chicago  &  St.  Louis   Railway,   Chicago  A  North 
Western  Railway  and  Chicago,  Milwaukee  &  St.  Paul  Railway    

Grand  Trunk  Western  Railway  

Chicago.  Rock  Island  A  Pacific  Railway 

Klein.  Joliet  A  Eastern  Railway  

*  Not  to  be  electrified.    Beyond  the  limits  of  electrification  as  finally  determined. 


TABLE  CCLXXXVI.     ESTIMATED  TOTAL  COST  OF  LABOR  AND  MATERIAL  FOR  OVERHEAD  CONTACT  SYSTEM. 

BY  ROADS,  2,400-VOLT  D.  C.  SYSTEM 
(Basis  of  1912) 


Railroad 

Main 
Track* 

Other 

Tracks 

Adjacent 
Industrial 
Tracks 
Privately 
Owned 

Total 
for 
All  Track* 

1 

I 

3 

4 

A 

Atchiaon  Topeka  A  Santa  Fe  Hallway  

$  201,408 
245.075 
511,119 
0 

0 

138,148 
0 
12,200 

45,695 
1,785,789 

!>!l|,.S'.r, 
536.149 

5,240 
72,648 
W3U 
309,917 

773,585 
30,908 
521,510 
0 

50,999 
0 
40,610 
153.481 

1,099,295 
43,318 
176,161 
682,748 

172.568 

$  191,330 
92.710 
171,725 
25,717 

696 
144,057 
15,150 
69,940 

102,220 
974.480 
610.2!.-, 
342.070 

67,852 
10,040 
6,972 
450,213 

511,960 
3,798 
248,212 
3,214 

9,160 
12.SM' 
415.443 
133.878 

600,958 
28,907 

:;..-.i  H> 
226,444 

158,906 

$  24.690 
MM 

:;i..;"j 
0 

o 

13,800 
58,180 
4,630 

1,108 
41,962 
73,252 
77,016 

190 
0 
0  1 
136.494 

82,643 
16,030 
0  1 
20,742 

689 
66,603 
10,700 
27.800 

19,947 
31.100 
0 
4.500 

4.930 

$  417,428 
343.171 
714.146 
25.717 

,/.,. 
2MMXM 
73.330 
86,770 

149.023 
2,802.231 
1,678,362 
955,235 

73.282 

82,088 

37,786 

Mm  ji 

1,368.188 
50,736 

7','.',  7.'.' 
23.956 

60.848 
79.4M 

IM  rsi 

315,159 

1,720,200 
103.385 
179.661 
913,692 

336.404 

Chicago  &  Western  Indiana  Railroad  and  the 

Chicago  Milwaukee  &  St  Paul  Railway  

Minneapolis,  St.  Paul  &  Sault  Ste.  Marie  Kaih 

rav* 

MfcMQ 

Q 

431.239 
832.142 
61.150 
152,055 

97,336 
32,950 

284.914 
326.450 
35.340 
180.700 

0 
0 

25.239 

njnt 

!!-••>•. 
6.519 

306,276 
32.950 

741.392 
1.220.488 
214.498 
339.274 

Pittsburgh,  Cincinnati*  Chicago  &  St.  Louis  Ri 

lilway  

Wabash  Railroad  

Totals 

• 

$10.319,806 

$6,590.399 

$806.368  | 

$17.785.558 

*  Owns  no  track  to  be  electrified. 
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The  values  thus  derived  may  be  accepted  as 
the  total  costs  on  the  basis  of  1922.  The  esti- 
mated total  costs  by  railroads  of  the  overhead 
contact  system  for  both  the  2, 400- volt  direct  cur- 
rent and  the  n,ooo-volt  alternating  current  sys- 
tems are  set  forth  by  table  CCLXXXVII. 

TABLE  CCLXXXVII.     ESTIMATED  TOTAL  COSTS  OP  OVERHEAD 
CONTACT  SYSTEM.  BY  ROADS.  a^oo-VOLT  D.  C. 
SYSTEM  AND  n.ooo-VOLT  A.  C.  SYSTEM 
(Dec.  31. 


Railroad 

2,400-  Volt 
D.  C. 

11.000-Volt 
A.C. 

t    791.510 

$    672,996 

Baltimore  ft  Ohio  R.  R  

MO  n  i 

526,031 

Baltimore  &  Ohio  Chicago  Terminal  R.  R.  .  .  . 
Calumet,  Hammond  A  Southeastern  R.  R.  .  .  . 

1,354.149 
48.764 

1.320 

1,102.662 
45.888 

1.233 

Chicago  4  Alton  RR           .             

,V)1.27fi 

476.8S9 

1.TO.047 

U7  ••    i 

iti  .  a 

141  .'.••! 

Chicago  &  Erie  R  R      

282.574 

238.513 

5,313,534 

4  314  809 

Chicago  &  Western  Indiana  R.  R.  and  the  Belt 

8,182,476 

2.612.479 

1311.207 

1,503.563 

138.956 

121.661 

;  M  "''i 

130,696 

71,649 

59364 

1.700,160 

1.480,475 

Chicago,  Milwaukee  A  St.  Paul  Ry  

2,501.331 

2,136.215 

•  ...  at 

-  •  77  ' 

1.459.531 

1.196.061 

45,425 

42,740 

115,379 

99,417 

Chicago.  West  Pullman  A  Southern  R.  R  

150.718 
885.048 

141,171 
821.239 

Grand  Trunk  Western  Ry  

-'.7  M 

508.207 

Illinois  Central  R.  R  

3.261,809 

2.690,675 

196.037 

169.068 

Indiana  Harbor  Belt  R  R,    

14(1  •  7o 

273923 

1,732,524 

1,369973 

Michigan  Central  R.  R  

637383 

837,449 

Minneapolis,  St  Paul  A  Sault  8te.  Marie  Ry.* 

New  York,  Chicago  &  St.  Louis  R.  R.  

UOirM 

471  165 

Pere  Marquette  R.  R  ... 

|  '  IT'i 

65  179 

Pittsburgh,  Cincinnati,  Chicago  ft  St.  Louis  Ry. 
Pittsburgh,  Ft.  Wayne  A  Chicago  Ry  

1,405.818 
2,314,265 

1.188,332 
1  902,621 

406  721 

361  275 

Wabash  Railroad  

643.325 

1  •,_'  i  .  I 

Totals.  . 

S33.895.276 

Jj-  141  1M 

»Own«  no  track  to  be  electrified. 

BRIDGE  WARNINGS 
213.033    Description    and    Location:     It   has 

been  shown  (section  213.023),  that  the  overhead 
contact  wire  cannot  always  be  maintained  at 
sufficient  height  to  permit  employes  to  ride  with 
safety  on  the  tops  of  all  freight  cars,  and  that 
provision  must  be  made  for  the  protection  of 
trainmen  either  through  the  agency  of  some  type 
of  warning  device  or  the  enforcement  of  rigid 
regulations  applying  to  specific  locations  or  dis- 
tricts. The  usual  form  of  low-bridge  warning 
used  on  steam  operated  roads  consists  of  a  num- 
ber of  light  rods,  ropes  or  wires  hung  vertically 
above  the  track  from  a  cross  wire  or  cable  spanning 
a  number  of  tracks,  or  from  a  pole  and  bracket 


in  the  case  of  one  track.  This  form  of  warning 
has  not  been  found  satisfactory  for  electric  op- 
eration since  the  pantograph  shoe,  when  passing 
through  the  ropes  or  rods  at  high  speed,  bends  or 
breaks  them.  While  no  details  of  design  are  here 
presented,  it  is  believed  that  a  satisfactory  device 
can  be  developed  for  this  purpose.  It  has  been 
assumed,  in  preparing  these  estimates,  that  on 
main  line  tracks  where  high  speeds  may  be 
expected,  automatic  warnings  are  to  be  used  in 
which  the  arm  or  other  support,  from  which  the 
warning  devices  are  hung,  will  be  hinged  and 
operated  by  mechanism  controlled  by  track 
circuits  in  some  such  manner  as  are  the  present 
automatic  block  signals.  The  automatic  control 
exercised  will  be  such  that  at  the  approach  of  a 
locomotive  the  support  will  be  displaced  from 
the  path  of  the  pantograph  and  immediately 
after  the  locomotive  has  passed  will  swing  back 
into  position  above  the  train. 

For  yard  and  other  tracks  where  trains  are  not 
operated  at  high  speeds,  it  is  assumed  that  me- 
chanical warnings  not  unlike  the  present  type  of 
low-bridge  warning  will  be  used.  In  such  cases 
rods  of  light  bamboo  or  similar  material,  which 
may  be  deflected  but  not  injured  by  the  moving 
pantograph,  may  be  used.  The  supporting  span 
or  bracket  is  to  be  insulated  for  the  line  voltage 
employed. 

When  obstructions  are  so  close  that  the  contact 
wire  rising  from  under  one  obstruction  must  be 
depressed  for  the  next  before  reaching  the  normal 
height  of  24  feet,  2  inches,  no  warning  is  to  be 
used  between  obstructions,  as  it  is  assumed  that 
employes  will  be  instructed  to  keep  off  the  tops 
of  cars  in  such  places. 

Since  any  overhead  obstruction  less  than  25  feet 
in  the  clear  requires  the  wire  to  be  depressed  be- 
low the  standard  height,  the  number  of  overhead 
obstructions  not  requiring  warnings  will  be  few. 
Signal  bridges  are  to  be  raised  and  are  to  serve  as 
supports  for  the  contact  system  and  hence  will 
require  no  warnings.  It  has  been  assumed  that 
the  6oo-volt  trolley  wires  which  cross  electrified 
tracks  of  railroads  at  grade  cannot  be  raised  to 
the  required  height  without  introducing  difficul- 
ties in  the  operation  with  pole  and  wheel  trolleys, 
so  the  higher  voltage  contact  wires  of  the  railroad 
must  be  depressed  to  the  level  of  the  existing  trol- 
ley wires.  Warning  devices  have  therefore  been 
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included  for  all  such  crossings.  In  and  around 
industrial  plants,  there  are  many  obstructions 
such  as  building  portals,  foot  bridges,  runways  and 
pipes,  which  are  and  must  remain  below  25  feet, 
and  warnings  have  been  provided  for  these. 
Probably  many  obstructions  of  this  class  can  be 
so  altered  as  to  make  warnings  unnecessary,  but 
the  cost  of  the  change  would  probably  more  than 
offset  the  cost  of  the  warning,  and  the  cost  of 
warnings  for  all  obstructions  that  are  of  record 
has  therefore  been  included  in  making  up  this 
estimate  of  cost. 

213.034  Unit   Cost:    The   cost   of  labor  and 
material  for  installing  the  automatic  device  for 
main  tracks  has  been  estimated  at  $500  per  track 
for  one  side  of  an  obstruction,  and  that  for  install- 
ing the  non-automatic  warning  has  been  estimat- 
ed at  $50.00.     The  number  of  warnings  and  their 
estimated  cost  is  the  same  for  both  2, 400- volt 
direct  current  and  n,ooo-volt  alternating  current 
contact  systems. 

213.035  Estimated  Costs  of  Labor  and  Ma- 
terial :    The  estimated  costs  of  labor  and  material 
for  the  bridge  warnings  required  for  both  the 
2, 400- volt  direct  current  and  the  n,ooo-volt  alter- 
nating current  systems  for  all  tracks  to  be  elec- 
trified, based  upon  conditions  which  obtained  in 
1912,  are  shown  for  each  road  and  for  each  kind 
of  track  in  table  CCLXXXVIII. 

213.036  Estimated  Total  Cost  of  Bridge  Warn- 
ings :  The  estimated  total  cost  of  bridge  warnings 
for  the  electric  operation  of  the  Chicago  railroad 
terminals  is  based  on  the  cost  of  labor  and  ma- 
terials as   determined  for   1912,   extended  in   a 
manner  normal  to  these  estimates  (chapter  212), 
the  factors  of  extension  in  this  case  being  as 
follows : 

PER   CENT 

1 .  To  cover  growth  in  mileage  of  railroads,  at  3 .  o  per 
cent  per  annum  for  4  years,  December  31,  1912, 
to  December  31,  1916 

2.  Contingencies 

3.  Engineering,  design,  supervision  and  administra- 
tion   

4.  Interest,  insurance  and  taxes  during  construction, 
at  1 . 75  per  cent  per  annum  for  6  years,  December 
31,  1916,  to  December  31,  1922 

The  values  thus  derived  may  be  accepted  as 
the  total  cost  on  the  basis  of  the  requirements 
of  1922.  The  estimated  total  costs  by  railroads 
of  the  bridge  warnings  for  both  the  2,4oo-volt  di- 


TABLE  CCLXXXVIII.     ESTIMATED  COSTS  OP  LABOR  AND  MATE 

RIAL  FOR  BRIDGE  WARNINGS  FOR  OVERHEAD  CONTACT 

SYSTEM,  BY  ROADS,  a^oo  VOLT  D.  C.  SYSTEM  AND 

ji.ooo-VOLT  A.  C.  SYSTEM 

(Ban*  of  1911) 


12.0 
2O. O 


10. O 


10.5 


Railroad 

Main 
Trark. 

£ 

Trarks 

Total 

1 

a 

4 

Atchuon,  Topeka  ft  Santa  Fe  Ry  

f  19.000 

1  1.700 

S20.700 

Baltimore  A  Ohio  K   R 

10.0UO 

3.100 

1.1,11*1 

Baltimore  ft  Ohio  Chicago  Terminal  R.  R  
Calumet,  Hammond  ft  Southeastern  K.  R  

Chesapeake  ft  Ohio  Ry.  of  Indiana  .  .  . 

37,000 
0 

0 

MM 

0 

0 

0 
0 

Chicago  ft  Alton  R  R                         ... 

fi.000 

1.100 

0,100 

0 

.  0 

0 

Chicago  ft  Kafltern  Illinois  R   R 

2.000 

0 

2.000 

Chicago  ft  Kri*  R.  R 

4.000 

0 

4.000 

Chicago  ft  North  Western  Ry  

50,000 

7,450 

66,450 

Chicago  ft  Weitern  Indiana  R.    R.  and   the 
B*lt  Ry.  of  Chicago       

61,000 

6,060 

67.050 

Chicago,  Burlington  ft  Quincy  R   R 

20.000 

4,650 

30.650 

Chicago  Great  Western  R.  R  

16,000 

0 

16,000 

6,000 

0 

5400 

2.000 

450 

2.450 

15.000 

9,100 

24.100 

Chicago,  Milwaukee  ft  St.  Paul  Ry. 

39,000 

9,400 

48,400 

Chicago  River  ft  Indiana  R.  R  

2,000 

0 

2,000 

Chicago,  Rock  Island  A  Pacific  Ry 

32,000 

2.650 

:  1  •    0 

3,500 

650 

4,150 

1,000 

0 

1.000 

Chicago,  West  Pullman  ft  Southern  R.  R.  .  . 

0 
7.500 

1,300 
4,450 

1,300 
11.950 

Grand  Trunk  Western  Ky 

4,000 

300 

4,300 

Illinois  Central  R  R 

118.000 

1,800 

119.800  : 

2,000 

800 

2,800 

Indiana  Harbor  Belt  R.  R  

200 

20,000 

1,100 

21.100 

Michigan  Central  R.  R. 

13.000 

450 

13,450 

New  York,  Chicago  ft  St  Louis  R  R 

14,000 

300 

14.300 

Pere  Marquette  R.  R  

0 

0 

0 

Pittsburgh,   Cincinnati,  Chicago  ft  St.  Louis 
Ry  

26.000 

3,900 

29,900 

Pittsburgh,  Fort  Wayne  A  Chicago  Ry 

33,500 

4,150 

87.BM 

Pullman  R.  R  

0 

0 

0 

Wabash  R.  R  

4.000 

750 

4.750 

Totals  

<:,S7  .-mi 

$68,700 

$656  200 

*  Owns  no  track  to  be  electrified. 

rect  current  and  the  11,000- volt  alternating  cur- 
rent systems  are  set  forth  by  table  CCLXXXIX. 

RETURN  CIRCUIT 

213.037  General  Considerations :  The  term  "re- 
turn circuit"  as  herein  used  refers  to  the  means 
by  which  electric  current  is  returned  from  the 
motive  power  units  to  the  substations.  Under 
the  plan  of  the  Committee,  the  track  rails  will 
be  used  for  the  return  circuit.  In  order  to  fit 
them  for  this  purpose  the  track  rails  must  be 
bonded  at  joints  and  connected  to  the  substations. 
The  cost  of  the  return  circuit,  therefore,  wil- 
include  the  cost  of  the  following  items. 

1 .  Track  bonding,  or  electrically  connecting  rail 
ends  at  joints. 

2.  Cross  bonding,  or  electrically  connecting  the 
rails  of  adjacent  tracks. 

3.  Substation  connections,  or  electrically  con- 
necting the  track  rails  to  the  substation  bus-bars. 
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TABLE  CCLXXXIX.   ESTIMATED  TOTAL  COST  OF  BRIDGE  WARN- 
INGS FOR  OVERHEAD  CONTACT  SYSTEM.  BY  ROADS.   1.400- 
VOLTD.  C.  SYSTEM  AND   n.ooo-VOLT  A.  C.  SYSTEM 
(Dec.  31.  1912) 


i:  Jim  . 


Total  Coit 


Atchison.  Topeka  4  Santa  Fe  Ry »  S3.81" 

Baltimore  A  Ohio  R.  R - '  >•  ; 

Baltimore  A  Ohio  Chicago  Terminal  R.  R. 65.182 

Calumet,  Hammond  &  Southeastern  R.  R 

Chesapeake  A  Ohio  Ry.  of  Indiana 

Chicago  A  Alton  R.  R 

Chicago  A  Calumet  River  R.  R 

Chicago  A  Eastern  Illinois  R.  K 

Chicago  A  Erie  R.  R *.83» 

Chicago  A  North  Western  Ry v    .1 

Chicago  A  Western  Indiana  R.R.  and  the  Belt  Ry.  of  Chicago.  1     '.  •  M 

Chicago,  Burlington  A  Quincy  R.  R. •         80.071 

Chicago  Great  Western  R.  R 28. 138 

Chicago,  Indiana  A  Southern  R.  R. "  -"- 

Chicago,  Indianapolis  A  Louisville  Ry I  "'  - 

Chicago  Junction  Ry '     • 

Chicago,  Milwaukee  A  81.  Paul  Ry : - 

Chicago  River  A  Indiana  R.  R MJH 

Chicago.  Rock  Island  A  Pacific  Hy 

Chicago  Short  Line  Ry 8.780 

Chicago  Union  Transfer  Ry -  '     * 

Chicago,  West  Pullman  A  Southern  R.  R 2,124 

Elgin,  Joliet  A  Eastern  Ry I1' ."•- '-' 

Grand  Trunk  Western  Ry 7,025 

Illinois  Central  R   R 185.708 

Illinois  Northern  Ry 4.574 

Indiana  Harbor  Belt  R.  R 10.129 

Lake  Shore  A  Michigan  Southern  Ry 34.470 

Michigan  Central  R.  R 21,972 

Minneapolis,  St.  Paul  A  Sault  Slf.  Mario  Hy* 

New  York,  Chicago  A  St.  Louis  R.  R • -       ' 

Pere  Marquette  R.  R 

Pittsburgh,  Cincinnati,  Chicago  A  St.  Louis  Ry 48.848 

Pittsburgh,  Fort  Wayne  A  Chicago  Ry KJU 

Pullman  R.  R 0 

WabashR.  R 7.76O 

T,,Ml      .  tl.07l.98fl 

*  Owns  no  tracks  to  be  electrified. 

The  characteristics  of  these  features,  upon  which 
are  based  the  estimates  of  cost,  are  described  in 
the  sections  which  follow. 

213.038  Track  Bonding:  In  formulating  an 
estimate  of  the  cost  of  bonding  the  tracks  of  the 
Chicago  railroad  terminals,  no  attempt  has  been 
made  to  specify  the  precise  character  of  the  bond 
to  be  used  for  each  particular  situation.  The 
bonding  of  existing  tracks  adds  a  new  detail  to 
existing  structures,  making  standardization  diffi- 
cult. There  are  many  different  rail  sections  and 
many  designs  of  joints  to  be  dealt  with,  and  the 
standards  of  track  maintenance  vary.  Experience 
with  the  bonds  now  used  in  connection  with  the 
signal  track  circuits  suggests  that  were  larger 
bonds,  such  as  are  required  for  electric  traction, 
placed  around  the  joints  without  protection, 
they  would  be  subject  to  theft.  On  the  other 
hand,  a  very  short  bond  even  when  exposed  offers 
little  incentive  to  thieves  because  the  scrap  value 
of  the  copper  which  it  yields  is  small  compared 
with  the  difficulty  of  its  removal;  but  a  short 
bond,  while  perhaps  secure  against  theft,  is  not 


sufficiently  flexible  to  withstand  the  vibration 
occasioned  by  the  passage  of  heavy  equipment 
over  joints  in  tracks  which  are  not  kept  in  good 
condition,  as  is  usually  the  case  on  yard  tracks 
and,  in  fact,  on  all  tracks  except  those  of  the  best 
maintained  main  lines.  Inspections  of  the  tracks 
have  shown  that  while  splice  bars  are  occasion- 
ally found  which  provide  sufficient  space  between 
the  bars  and  web  of  the  rail  to  accommodate  a 
bond  of  the  required  size  and  thus  to  give  perfect 
protection  to  the  bond,  such  bars  are  not  ex- 
tensively used.  New  splice  bars  will,  therefore, 
generally  be  required  if  protected  bonds  are  to 
be  used,  and  as  it  is  always  difficult  to  remove 
old  bars  without  ruining  the  bolts,  new  bolts 
also  will  be  necessary.  The  removed  bars,  if 
of  a  modern  type  still  standard  on  the  road,  will 
be  serviceable  for  tracks  beyond  the  limits  of 
electrification,  but  the  cost  of  sorting,  storing  and 
re-distributing  will  tend  to  reduce  their  service 
value  to  such  an  extent  that  it  will  not  be  appreci- 
ably more  than  that  of  scrap. 

In  view  of  the  considerations  already  set  forth, 
and  also  of  the  fact  that  the  Committee  is  con- 
cerned with  the  cost  of  bonding  rather  than  with 
the  design  of  bonds,  it  has  been  deemed  sufficient 
to  base  the  estimates  of  the  cost  of  track  bonding 
on  the  assumption  that  all  bonds  aie  to  be  of  the 
protected  type,  installed  under  new  splice  bars  with 
new  bolts.  The  cost  of  the  new  bars  and  bolts, 
less  the  scrap  value  of  those  removed,  and  the 
cost  of  labor  are  included  in  the  total  cost  of 
bonding.  The  cost  thus  obtained  is  in  most 
cases  sufficient  to  cover  the  cost  of  longer  un- 
protected bonds,  if  that  type  should  finally  be 
selected  for  certain  special  conditions  or  to  meet 
the  preferences  of  individual  railroads. 

There  is  no  standard  length  for  bonds.  It  is 
known,  however,  that  the  element  of  length 
serves  to  aid  a  bond  in  withstanding  the  severe 
duty  imposed  upon  it  by  the  frequent  and  heavy 
service  on  main  line  tracks,  as  well  as  the  addi- 
tional stress  imposed  by  loose  and  poorly  sup- 
ported joints  in  yard  tracks.  The  estimates  of 
cost  are  based  upon  an  assumed  length  of  24 
inches  for  all  bonds,  although  in  reality  there 
would  be  some  variation  from  this  length  to 
meet  the  requirements  of  the  different  bolt 
spacings  and  lengths  of  bars. 

Different  methods  are  used  for  attaching  the 
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bond  terminals  to  the  rail,  but  these  have  no 
great  effect  upon  the  total  cost  of  installation. 
Bonds  with  tubular  terminals  inserted  in  holes 
drilled  in  the  web  of  the  rail  and  expanded  by 
means  of  a  tapered  plug  have  been  used  on  much 
important  work  and  are  made  the  basis  of  this 
estimate. 

In  determining  the  required  number  of  bonds, 
it  has  been  assumed  that  for  all  main  line  tracks 
both  rails  will  be  bonded  and  for  yard  and  indus- 
trial tracks  only  one  rail  will  be  bonded.  Two 
bonds  per  joint  will  be  used  in  all  cases,  as  with 
single  bonding  a  break  or  poor  contact  not  only 
increases  the  electrical  resistance  of  the  return 
circuit  but  it  may  affect  the  signal  circuits. 

The  sizes  of  bonds  to  be  used  for  the  different 
systems  and  rail  sections  are  given  in  table 
CCXC. 

TABLE  CCXC.     SIZES  OP  BONDS  REQUIRED  FOR  VARIOUS 

WEIGHTS  OP  RAIL,  a,4oo-VOLT  D.  C.  SYSTEM 

AND  i i.ooo- VOLT  A.  C.  SYSTEM 


Weight  of  Rail,  Pounds  per  Yard 

Site  of  Bonds  in  Circular 
Mils 

2,4OO-V,,lt 
I)   C 

11,000-Volt 
A.  C. 

100  to  85        

300,001) 
250.000 
L'l  1.600 

105,800 

105.500 
83.690 

84  to  70                                         

Less  than  70  

It  will  be  noted  that  bonds  for  the  2, 400- volt 
direct  current  installation  are  larger  than  those 
for  the  n,ooo-volt  alternating  current  installation. 
This  is  due  to  the  necessity  of  maintaining  the 
voltage  or  resistance  drop  in  the  track  return  cir- 
cuit within  the  desired  limits,  considering  the  sub- 
station spacing  assumed.  With  the  n,ooo-volt 
alternating  current  system,  the  current  in  the  rail 
is  comparatively  low,  and  as  electrolysis  need 
not  be  considered  with  such  system,  smaller  bonds 
have  been  specified. 

213.039  Cross-Bonding:  The  location  and 
frequency  of  cross-bonds  between  main  tracks  is 
largely  dependent  upon  the  length  of  signal  blocks 
where  automatic  signals  are  used.  For  purposes 
of  these  estimates,  however,  it  has  been  assumed 
that  main  tracks  will  be  cross-bonded  every  mile, 
and  yard  and  industrial  tracks  at  intervals  of 

TABLE  CCXCI.     SIZES  OP  COPPER  CABLE  TO  BE  USED  FOR  CROSS- 
BONDING  TRACKS.  2,400-VOLT  D.  C.  SYSTEM  AND  n.ooo- 
VOLT  A.   C.  SYSTEM 


Kind  of  Track 

Site  of  Cable 
in  Cir.  Mils 
2.400-Volt 
D.  C. 

2,000,000 

Yard  and  industrial  track  

760.000 

Site  of  Cable 

in  Cir.  Mill 

11,000-Volt 

A.  C. 

500.000 
211.800 


approximately  1,000  feet,  with  bare  copper  cable 
of  the  sizes  shown  in  table  CCXCI. 

213.040  Substation  Connections :   At  each  sub- 
station all  tracks,  the  contact  conductors  of  which 
are  supplied  from  such  substation,  are  connected 
electrically  with  the  negative  or  grounded  sub- 
station bus-bar  to  supply  a  path  for  the  return  cir- 
cuit.   These  connections  are  to  be  of  bare  copper 
cables  laid  underground  with  terminals  connected 
to  rails  in  the  same  manner  as  are  the  bond  ter- 
minals.    For  the  2,4oo-volt  direct  current  system, 
2,000,600  circular  mil  cables  are-to  be  used,  and 
for  the   n,ooo-volt   alternating  current  system, 
500,000  circular  mil  cables. 

213.041  Unit   Cost:   The  actual  weight  and 
length  of  splice  bars  used  on  main  line  tracks 
and  an  estimate  of  those  for  yard  tracks  were  sup- 
plied by  the  railroads.     Values  were  tabulated, 
and  when  supplemented  by  the  average  weight  per 
foot  of  splice  bars,  as  given  by  the  manufacturers, 
the  weight  of  the  splice  bars  to  be  replaced  was 
obtained.     The  weights  of  the  bolts  were  taken 
from  data  furnished  by  the  railroads  and  from 
manufacturers'    lists.     The    cost    of    new    splice 
bars  and  new  bolts  has  been  fixed  at  the  amounts 
shown  in  the  following: 

PER    POUND 

Cost  of  new  splice  bars $0.015 

Cost  of  new  bolts 0.024 

Scrap  value  of  old  bars  and  bolts 0.006 

Net  cost  of  new  splice  bars 0.009 

Net  cost  of  new  bolts 0.018 

These  figures  have  been  used  in  obtaining  the 
cost  of  the  new  material  for  track  bonding.  The 
cost  is  estimated  to  be  the  same  for  both  the 
2,4oo-volt  direct  current  and  the  n,ooo-volt  al- 
ternating current  systems. 

The  cost  of  labor  for  installing  the  bonds  for 
the  2,400-volt  direct  current  system  is  estimated 
at  $1.30  per  joint,  and  for  the  11,000- volt  alter- 
nating current  system  at  $i .  20  per  joint.  These 
figures  include  the  cost  of  the  work  of  removing 
and  replacing  splice  bars,  drilling  holes,  installing 
bonds,  sharpening  and  distributing  drills,  fore- 
man's time,  tools,  construction  office  expense  and 
superintendence,  and  the  allowance  made  for  the 
unavoidable  loss  of  time  due  to  interruption  from 
traffic  and  inability  to  install  bonds  during  even 
slight  rain.  On  the  basis  of  these  figures,  the  costs 
of  labor  for  track  bonding  have  been  estimated  as 
shown  by  table  CCXCII. 
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TABLE  CCXCII.     ESTIMATED  COSTS  OF  LABOR  FOR  INSTALLING 

TRACK  BONDS,  PER  MILE  OF  TRACK,  2.40O-VOLT  D.  C. 

SYSTEM  AND  n.ooo-VOLT  A.  C.  SYSTEM 

(Basis  of  1913) 


Kind  of  Track 

2.400-Volt 
D.  C. 

11,000-  Volt 
A.  C 

30-ft. 
Rails 

33-ft.       30-ft. 
Hail.       Rail* 

33-ft. 
Rail* 

1 

• 

3 

4 

8 

Main  track  

•58 

$420 
210 

$420 
210 

»  IN 

190 

Yard  and  industrial  track  

The  cost  of  bonds  has  in  all  cases  been  taken  at 
40  per  cent  less  than  that  quoted  by  the  manu- 
facturers' standard  list  and  is  as  follows: 

EACH 

300,000  cir.  mils  bond $0.95 

250,000  cir.  mils  bond 0.81 

211,600  cir.  mils  bond 0.67 

105.500  cir.  mils  bond 0.47 

83,690  cir.  mils  bond 0.43 

The  estimated  costs  of  labor  and  material  for  in- 
stalling cross-bonds  are  shown  by  table  CCXCIII. 

TABLE  CCXCIII.     ESTIMATED  COSTS  OF  LABOR  AND  MATERIAL 

FOR  INSTALLING  CROSS-BONDS.   PER  MILE  OF  TRACK.  3.400- 

VOLT  D.  C.  SYSTEM  AND  n,ooo-VOLT  A.   C.  SYSTEM 

(Basis  of  1013) 


Kind  of  Track 

2,400-Volt 
D.  C. 

11,  000-  Volt 
A.  C. 

Main  track 
Yard  and  in 

•35.00 

so.  oo 

S10.00 

IS  00 

duatrial  trark  

The  cost  of  substation  connections  per  mile  of 
main  track  has  been  estimated  at  $15.00  for  both 
the  2,4oo-volt  direct  current  and  the  n,ooo-volt 
alternating  current  systems,  the  greater  number 
of  substations  and  consequently  of  cable  connec- 
tions required  for  the  alternating  current  system 
approximately  offsetting  the  larger  cables  required 
for  the  direct  current  system. 

The  several  items  which  go  to  make  up  the  unit 
costs  of  labor  and  material  required  for  track 
bonding,  cross-bonding  and  substation  connections, 
exclusive  of  the  cost  of  material  in  new  splice 
bars,  which  varies  so  widely  even  with  the  same 
weight  of  rail  that  it  cannot  easily  be  tabulated, 
are  summarized  by  table  CCXCIV. 

213.042  Estimated  Costs  of  Return  Circuit  on 
the  Basis  of  the  Requirements  of  1912,  Excluding 
all  Allowances  for  Contingencies  and  for  Engi- 
neering: The  estimated  costs  of  labor  and 
materials  required  for  return  circuit,  including 
track  and  cross-bonding,  new  splice  bars  and  sub- 
station connections,  based  upon  conditions  which 
obtained  in  1912,  and  excluding  all  allowances  for 
contingencies  and  for  engineering,  are  presented 


by  roads  for  the  2, 400- volt  direct  current  system 
in  table  CCXCV  and  for  the  n.ooo-volt  alter- 
nating current  system  in  table  CCXCVI. 

The  values  presented  in  table  CCXCV  include 
the  cost  of  bonding  0.5  mile  of  the  double  track 
of  the  Minneapolis,  St.  Paul  &  Sault  Ste.  Marie 
Railway  between  Altenheim  and  the  Chicago  & 
North  Western  Railway  crossing.  As  electric 
operation  will  not  be  maintained  over  this  track, 
it  is  bonded  only  as  a  negative  feeder,  and  this 
cost  is  therefore  distributed  between  the  rail- 
roads whose  tracks  are  benefited.  For  the  same 
reason,  the  outside  tracks  of  the  Illinois  Central 
Railroad  between  Harvey  and  Matteson,  aggregat- 
ing 1 6. 2  single  track  miles,  are  to  be  bonded 
though  not  otherwise  electrified.  This  cost  is 
included  in  the  estimates.  Additional  bonding  of 
non-electrified  track  is  not  required  for  the  11,000- 
volt  alternating  current,  and  this  item  of  cost  is 
therefore  not  included  in  the  values  presented  in 
table  CCXCVI. 

213.043  Estimated  Total  Cost  of  Return  Cir- 
cuit: The  total  cost  of  the  return  circuit  for  the 
electric  operation  of  the  Chicago  railroad  termin- 
als is  based  on  the  cost  of  labor  and  materials 
as  determined  for  conditions  existing  in  the  year 
1912,  extended  in  a  manner  normal  to  these  esti- 
mates (chapter  212),  the  factors  of  extension  in 
this  case  being  as  follows: 

PER  CENT 

1.  To  cover  growth  in  mileage  of  railroads,  December 

31,  1912,  to  December  31,  1922 30.0 

2.  Contingencies ....          20.0 

3.  Engineering,  design,  supervision  and  administration.          10.0 

4.  Interest,  insurance  and  taxes  during  construction,  at 
1.75  per  cent  per  annum  for  6  years,  December  31, 

1916,  to  December  31,  1922 10.5 

The  values  thus  derived  may  be  accepted  as  the 
total  cost  on  the  basis  of  the  requirements  of  1922. 
The  estimated  total  cost  of  return  circuit,  including 
track  and  cross- bonding  and  return  circuit  con- 
nections to  all  substations,  are  set  forth  by  rail- 
roads for  both  the  2,4oo-volt  direct  current  and 
the  1 1, ooo- volt  alternating  current  systems,  in 
table  CCXCVII. 

PREVENTION  OF  INDUCTIVE  EFFECTS 
AND  ELECTROLYSIS 

213.044  Inductive  Effects:  The  methods  that 
may  be  employed  for  the  prevention  of  inductive 
effects  in  telephone  and  telegraph  circuits  caused 
by  u,ooo-volt  single-phase  alternating  current 
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TABLE  CCXCIV.    SUMMARY  OF  ESTIMATED  UNIT  COSTS  OP  LABOR  AND  MATERIAL  FOR  RETURN  CIRCUIT. 

3.400-VOLT  D.  C.  SYSTEM  AND  u.ooo-VOLT  A.  C.  SYSTEM* 

(Bali*  of  loi  J) 


Description 

COM  p*r  Mil*  of  Track 

2,400-Volt  D.  C. 

ll.OTIO-Vnlt  A.  C. 

Main  Track 
30  ft.  Rail    33  ft.  Rail 

Yard  and 
Tr 

SOU  Rail 

Industrial 
tek 

33  ft.  Rail 

Mala 
30  ft.  Rail 

Trark 
33  ft.  Rail 

Yard  and  Industry! 
Track 

30  ft.  Rail    33  ft.  Rail 

1 

2 

3 

4 

5 

a 

7 

S 

» 

85  to  100  Ib.  Rail 

WTO 
460 
60 

(010 
420 
60 

$335 
HO 
50 

1305 
210 
80 

mo 

420 
25 

(300 
M 
25 

ties 

210 

16 

1150 
JM 
16 

Cost  of  labor  

Cross-bonding,  lone  bondi  and  subitation  connection*  .... 

Totals  

1,180 

1.080 

015 

666 

776 

710 

390 

355 

70  to  84  Ib.  Rail 
Cost  of  bond?  

S70 
460 
50 

520 
420 
60 

286 
230 
60 

260 
210 
M 

330 
420 
25 

300 
386 
25 

105 
210 
15 

150 
190 
15 

Cost  of  labor  

Cross-bonding,  long  bonds  and  substation  connections  .... 

Totals  

1,080 

990 

566 

520 

775 

710 

300 

355 

Less  than  70  Ib.  Rail 

470 
460 
SO 

430 
420 
60 

235 
230 
60 

215 
210 
50 

300 

in 

25 

276 
386 
25 

150 
210 
16 

135 
190 
15 

Cost  of  labor  ;  

Cross-bonding,  long  bonds  and  substation  connections  .... 

Totals  

(980 

$900 

HU 

ttn 

$74.'. 

M88 

«.7. 

$340 

*  Exclusive  of  additional  cost  of  new  bars  and  bolts  above  the  salvage  value  of  those  removed.  This  item  of  cost  was  estimated  upon  the  basis  of  the  actual 
material  involved  and  not  upon  the  basis  of  average  cost  per  mile  of  track.  The  average  cost  per  mile  of  track,  as  determined  by  dividing  the  total  cost 
of  this  item  for  each  class  of  track  by  the  total  mileage  in  that  class,  is  as  follows: 

Main  track $229.00  Adjacent  industrial  track,  privately  owned.. .  J  73.00 

Other  track 87.00  Average  for  all  tracks 147.00 


TABLE  CCXCV.     ESTIMATED  COSTS  OP  LABOR  AND   MATERIAL  FOR  RETURN  CIRCUIT,  BY  ROADS.  2.4OO-VOLT  D.  C.  SYSTEM 

(Basis  of  1013) 


Railroad 

Main 
Track 

Other 
Track 

\>:,  *    •  •  r 
[  •     !        :  •  : 
[...     , 

Privately 
Owned 

ToUl 
for 
All  Track 

1 

2 

3 

4 

5 

Atchison.  Topeka  &  Santa  Fe  Railway  '.  

(36,524 
41,  438 
77,748 
0 

0 
23,760 
0 
2,933 

7,097 
351,412 
182.902 
102.041 

937 
11.891 
5,088 
51,405 

134.763 
6.364 
M.301 
0 

7.032 
0 
8.274 
27,318 

249.038 
5.381 

128,630 
32.442 

(82,681 

16.785 
24,896 
3,775 

116 
21,630 
2,021 
11,261 

12,991 

174.604 
103.442 
50,925 

11,757 
1,390 
1,019 
75,851 

95,790 
562 
38,332 
377 

1,515 
2,066 

23,552 

97,225 
4,395 
390 
38,927 

35.662 

(3,511 
643 
5,000 
0 

0 
1.566 
11,306 

,,'.,, 

170 
6,103 
8.814 
10.317 

24 
0 
0 

22,340 

11.248 
2.297 

'  s'.ois 

96 
10,038 

i,:.-v> 
3,659 

2.4O3 
5.447 
0 
582 

1.086 

(  72.717 

107.644 
3.775 

118 

46.945 
13.326 
14.884 

20.258 
532,119 
_••-.    M 
•     .- 

12.718 
13,281 

•   r 

:   .    -   .. 

241.801 
9.223 
132.637 
3390 

8.643 

a  UN 
n  MI 

64.429 

348,666 
15,223 

168,139 
69.190 

Baltimore  &  Ohio  Railroad  

Baltimore  *  Ohio  Chicago  Terminal  Railroad   .................      .  ,  .  ,  ,    ,  *             .    .    ,    .    , 

Calumet,  Hammond  &  Southeastern  Railroad  .... 

Chesapeake  *  Ohin  Railway  of  Indiana  ,...,..,.,,,.....,.  ,    .....•..,    .  .  .    .• 

Chicago  &  Alton  Railroad  

Chicago  &  Calumet  River  Railroad  

Chicago  A  Eastern  Illinois  Railroad               ,                                       .          ........ 

Chicago  &  Erie  Railroad  

Chicago  &  North  Western  Railway  

Chicago  &  Western  Indiana  Railroad  and  the  Belt  Railway  of  Chicago  -  

Chicago.  Burlington  &  Quincy  Railroad  ~  

Chicago  Great  Western  Railroad  

Chiragn,  InHiannpnlin  ^  Louisville  Hallway  ,  ,  .  ,  , 

Chicago,  Milwaukee  &  St.  Paul  Railway  

Chicago  River  &  Indiana  Railroad  

Chicago,  Rock  Island  &  Pacific  Railway  

Chicago  Short  Lino  Railway  ....,...,...,.,    .... 

Chicago  Union  Transfer  Railway  

ChipAgo,  W*»st  P»H"iftn  <*r  Northern  Railroad     .  .  L  ..,,.,. 

Rlgin,  .loiii  r  &  F.fM»f*rn  Railway  ,  ,......,,,,,  .  .  t 

Grand  Trunk  Western  Railway  

Illinois  Central  Railroad  

Illinois  Northern  Railway  •  

Indiana  Harbor  Belt  Railroad   

Lake  Shore  &  Michigan  Southern  Railway  

Michigan  Central  Railroad  

Minneapolis,  St.  Paul  &  Sault  Su>.  Marie  IC:nlu:iv  « 

New  York,  Chicago  &  St.  Louis  Railroad   

34,834 

0| 

90.739 
16K.161 
7,627 
27.636 

16,000 
5,737 

47,708 

.••••_•; 
4,922 
30.061 

0 
0 

3.063 
7,872 
17,167 
291 

•    M 
5.737 

141.510 

-  .  •  r 
29.716 

Pere  Marquette  Railroad  

Pittsburgh,  Fort  Wayne  A  Chicago  Railway  

Wabash  Railroad                .  .                                          .                               

Tohih  

(1.046.815 

(1.114.285 

140.222(3.201.122 

•Owns  no  track  to  be  electrified. 
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TABLE  CCXCVI. 


ESTIMATED  COSTS  OF  LABOR  AND  MATERIAL  FOR  RETURN  CIRCUIT.  BY  ROADS.  ii.ooo-VOLT  A.  C.  SYSTEM 

(Basis  of  1912) 


Railroad 

M  tm 
Track 

OOH 
Track 

Adjacent 
Industrial           Total 

1  r:t.  k                       for 

Privately        All  Track 
Owned 

1 

* 

1 

<                      6 

- 

njm 

-.-.I'.: 
0 

0 
17.755 
0 

UM 

0,447 
154,068 

in  in 

73.362 

663 

>  M 

.<.•.;•• 
38,020 

96.688 

1  .MJ 

i  69,151 
0 

5.377 
0 

ijm 

20.719 

m  :••' 

4,073 

n  m 

"7    01 

23,974 

«  24.023 
11,643 
18,481 
2.742 

84 
15.832 

1   1'.* 
8,521 

6.371 

1.-,  DM 

nan 

39,538 

8.202 

'.'.-••• 
758 
55.102 

70,214 
400 

MJM 

1,114 
1.47/1 
49.717 
17.541 

73.310 
MOT 
285 
29.215 

27.046 

t  2,664         (  62.610 
496             42.122 
UM           Mi.7.--i 

0                2,742 

0                    84 
1.138             34,725 

>>.!:••            ''/.I: 

525              11,128 

14,648 
4.628           387,663 
6.639            232.260 

rju»       no,7at 

18 

0             ••/..•..; 

(I                  i..,7l 
16.232            110,254 

8,498           175,700 
U67«              MM 

0               "7.  .1711 
2,118               2,383 

70               '..'.'.I 
rjM             M70 
1,308            50.900 

MM        i",'.".'.' 

1,818           244,363 
4,147                II.  .-..'7 
0            »,7M 
443           127.156 

826  ;          51,846 

Chicago  Short  Line  Railway  

Illinois  Central  Railroad  

Indiana  Harbor  Belt  Railroad  

Minneapolis,  St  Paul  A  Sault  St«.  Marie  Railway*  

26.254 
0 

65.600 
122.008 

••"-" 
•Jl.lltl 

12.171 
4,282 

34,444 

1  7 
.7]'. 
22.783 

0             38.425 
0               4.282 

2,*314            102.367 
tjOOt           169.U11 

1.  -•-•.'.7o 
SSI               44.120 

Wabash  Railroad  

Totals  

tl.416.410 

- 

•104.010      S2.344.733 

*  Owns  no  track  to  be  electrified. 

railroad  circuits  have  been  described  (chapter 
207).  After  a  study  of  conditions  in  the  Chicago 
terminals,  the  conclusion  has  been  reached  (chap- 
ter 208)  that  induction  can  be  prevented  by 
providing  rather  liberal  bonding  of  track  rails, 
by  careful  arrangement  of  feeding  points  for  the 
railroad  circuits  and  by  installing  booster  trans- 
formers in  the  railroad  circuits.  Neutralizing 
apparatus  will  not  be  required  in  the  telephone 
and  telegraph  circuits  to  compensate  or  overcome 
induction,  as  the  methods  to  be  employed  will 
eliminate  the  inductive  effect.  It  will  not  be 
necessary  for  telephone  and  telegraph  lines  to  be 
•  cabled  or  moved  from  the  vicinity  of  the  railroad 
circuits  to  any  extent  greater  than  that  required 
to  prevent  physical  interference,  as  described  in 
section  213.078.  Some  200  miles  of  wire  lines  par- 
allel to  railroad  tracks,  75  per  cent  of  this  mileage 
being  telephone  and  telegraph  lines,  will  need  to 
be  changed  to  eliminate  the  possibility  of  physical 
interference.  These  changes  will  be  made  either 
by  moving  the  open  wire  lines  to  a  greater  distance 


from  the  railroad  tracks,  or  by  cabling  the  wires 
and  placing  them  on  the  overhead  supporting 
structures  of  the  contact  system  or,  in  some  in- 
stances, underground.  They  will,  in  extreme  cases 
when  unusual  disturbances  occur,  have  a  bene- 
ficial effect  upon  inductive  interference,  but  they 
are  not  resorted  to  as  an  expedient  to  this  end. 

The  track  bonding  to  be  provided  for  the  re- 
turn circuit  of  the  11,000- volt  alternating  current 
system  (section  213.038)  is  more  liberal  than 
would  be  installed  were  inductive  effects  not  a 
factor  in  the  use  of  this  system.  Double  bonds 
at  each  rail  joint  will  help  to  insure  against 
broken  bonds  and  possible  high  resistance  joints; 
also  the  bonding  of  both  rails  of  the  main  track 
will  provide  a  low  resistance  return  circuit,  thus 
aiding  in  keeping  the  return  current  in  the  rail. 

Frequent  feeding  points  are  to  be  provided  by 
locating  substations  at  intervals  of  from  five  to 
eight  miles.  In  all  cases  there  will  be  a  substation 
at  or  near  the  ends  of  the  electrified  railroads  and 
at  the  more  important  junction  points  in  the 
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TABLE    CCXCVII.      ESTIMATED    TOTAL    COST    OP    RETURN 

CIRCUIT.  BY  ROADS.  j.4oo-VOLT  D.  C.  SYSTEM 

AND  n.ooo-VOLT  A.  C.  SYSTEM 

(Dec.  31.  IOJ3) 


Railroad 

2.400-Volt 

l>   < 

ll.(im.V,,li 
A.  C. 

1 

a 

:i 

Atcliisun,  Topeka  A  Santa  Fe  Ry  

t  137,884 

1  99,569 

Baltimore  A  Ohio  R.  R  

111  620 

711  S7  1 

Baltimore  &  Ohio  Chicago  Terminal  It.  U  ... 
Calumet,  Hammond  &  Southeastern  R.  R  . 

11M.11I 
7.1SS 

220 

153,117 
5,200 

159 

Chicago  &  Alton  R.  R"  

80,010 

U.M4 

Chicago  A  Calumet  River  R.  R         .      ... 

25  289 

i-,  -I  • 

Chicago  ft  Eastern  Illinois  R.  R  

2H.223 

21,100 

Chicago  *  Erie  R.  R  

38,412 

28,343 

Chicago  A  North  Western  Ry        .             ... 

1  008094 

735,684 

Chicago  A  Western  Indiana  R.  R.  and  the  Belt 
Ry  of  Chicago       .               .               ... 

559  673 

421,801 

:;iv.  1,1  i 

228,980 

Chicago  Great  Western  R.  R  

24,116 

16,842 

Chicago,  Indiana  A  Southern  R.  R 

25  183 

18,114 

11  580 

x  103 

-•~,;  ',i,i 

209,062 

Chicago,  Milwaukee  A  St  Paul  Ry 

458498 

333,159 

17489 

13,076 

Chicago,  Rock  Island  A  Pacific  Ry  

251,504 

IM.Ill'.l 

6428 

4,519 

16388 

12,441 

Chicago,  West  Pullman  A  Southern  R.  R  

23.961 

149  509 

16,629 
107.892 

Grand  Trunk  Western  Ry  

ln:>  -'MX 

77,685 

Illinois  Central  R.  R  

661,134 

463,166 

Illinois  Northern  Ry  

JS.M;.; 

21,857 

Indiana  Harbor  Belt  R.  R  

55,529 

::•<  :;-,:, 

Lake  Shore  A  Michigan  Southern  Ry  
Michigan  Central  R  R 

318,818 
131  197 

241,117 
98310 

Minneapolis,  St.  Paul  A  Sault  Ste.  Marie  Ry.* 
New  York,  Chicago  A  St.  Louis  R.  R  

96,408 

72,860 

Pare  Marquette  R  R  

10,879 

8,120 

Pittsburgh,  Cincinnati,  Chicago  A  St.  Louis  Ry  . 
Pittsburgh,  Fort  Wayne  A  Chicago  Ry  

268,329 

441.728 

194,106 

:;ju,i7:, 

Pullman  R   R     

56347 

42  '.IS7 

Wabash  R.  R  

109.9SS 

83.660 

Totals  

S6,069,899 

$4,446.033 

*  Owns  no  track  to  be  electrified. 

electrified  district.  With  this  arrangement  the 
tracks  will  be  divided  into  sections  fed  by  substa- 
tions at  each  end.  The  current  drawn  by  trains 
in  any  one  section  will  be  confined  to  that  section 
and  as  a  consequence  the  inductive  disturbance 
will  be  largely  balanced  out. 

The  booster  transformers  for  the  railroad  cir- 
cuits are  to  be  series  transformers  of  approxi- 
mately i :  i  ratio,  one  coil  being  in  series  with  the 
overhead  contact  wire  and  the  other  coil  being 
in  series  with  the  track  rail  and  connected  into 
the  middle  point  of  induction  bonds  where  sig- 
nals are  used,  or  at  each  side  of  insulated  joints 
installed  in  the  rail  where  there  are  no  signals. 
These  transformers  are  to  be  located  about  one 
mile  apart  on  main  lines  having  heavy  traffic  and 
one  and  one-half  miles  apart  on  main  lines  having 
light  traffic.  Locations  are  to  be  so  chosen  that 
transformers  will  be  provided  near  entrances  to 
yards  to  handle  the  circuits  in  the  yards  in 
addition  to  the  main  tracks.  At  many  locations 


the  transformers  will  serve  jointly  the  contiguous 
tracks  of  more  than  one  railroad. 

The  cost  of  track  bonding  and  the  total  cost  of 
substations  could  probably  be  reduced  if  induc- 
tive interferences  in  neighboring  telephone  and 
telegraph  lines  were  not  the  result  of  grounded 
alternating  current  circuits.  However,  the  bene- 
fits to  be  obtained  by  having  double  bonding, 
low  resistance  return  circuits  and  numerous  sub- 
stations, are  also  great  in  other  respects.  No 
effort  has  been  made  to  determine  the  increment 
necessary  in  these  items  to  overcome  inductive 
effects.  Since,  however,  the  booster  transformers 
are  an  additional  expense  required  solely  to  elim- 
inate induction  incident  to  the  single-phase  alter- 
nating current  system,  their  cost  is  here  given 
as  the  cost  of  preventing  inductive  effects. 

213.045  Electrolysis:    The    provisions  which 
may  be  made  to  prevent  or  to  limit  damage  to 
water  and  gas  pipes  and  other  sub-surface  metal- 
lic structures,  resulting  from  electrolysis  caused 
by  the  return  currents  of  the  2, 400- volt  direct 
current  system,  have  been  enumerated  (chapter 
207).     The    Committee's    conclusions    regarding 
the  means  to  be  employed  to  accomplish  this  are 
stated  in  chapter  208. 

The  plans  provide  for  liberal  bonding  (section 
213.038)  and  for  substations  so  located  that  the 
sustained  average  difference  of  potential  between 
points  on  the  return  circuits  will  be  within  the 
limits  allowed.  It  is  probable  that,  were  electrol- 
ysis not  a  factor,  the  track  bonding  could  be  less 
liberal,  the  substations  in  some  cases  could  be 
spaced  at  greater  intervals  and  the  equipment  for 
substations  could  be  less  elaborate.  The  differ- 
ence between  the  cost  of  substations  and  equip- 
ment entirely  adequate  for  operating  purposes 
and  that  of  the  lay-out  which  has  served  as 
a  basis  for  these  estimates  might  reasonably  be 
considered  as  the  cost  of  guarding  against  elec- 
trolysis. Since,  however,  all  of  the  provisions 
made  to  prevent  electrolysis  tend  to  increase  the 
efficiency  of  the  system  by  reducing  losses  in  the 
return  circuit,  and  to  improve  operation  by  pro- 
viding better  voltage  regulation,  the  segregated 
cost  of  these  provisions  is  not  presented  nor  has 
it  been  determined. 

213.046  Estimated  Costs  of  Induction  Preven- 
tion on  the  Basis  of  the  Requirements  of  1912, 
Excluding  all  Allowances  for  Contingencies  and 
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for  Engineering:  The  estimated  costs  of  the 
booster  transformers  required  to  prevent  induc- 
tion have  been  estimated  on  the  basis  of  the 
lay-out  already  described.  The  estimates  of  cost, 
based  on  conditions  which  obtained  in  1912 
and  excluding  all  allowances  for  contingencies 
and  for  engineering,  for  the  booster  transformer 
installations  required  for  the  n,ooo-volt  alter- 
nating current  system  are  presented  in  table 
CCXCVIII. 

TABLE  CCXCVIII.      ESTIMATED  COSTS  OF  BOOSTER  TRANS- 
FORMER INSTALLATIONS  FOR  THE  PREVENTION  OP 
INDUCTION,  ii.ooo-VOLT  A.  C.  SYSTEM 
(Basil  of  1912) 


TABLE     CCXCIX.      ESTIMATED     TOTAL    COST    OF    INDUCTION 

PREVENTION.  BY  ROADS.   ii.ooo-VOLT  A.  C.  SYSTEM 

(Dec.  31.  1913) 


NO.   c,f   H,,o«t.T 

Transformer 
Installations 

No.  of  Tracks 
at  Each 
Installation 

Cost 
per 
Installation 

Total 
Cost 

1 

9 

S 

4 

22 

1 

t   675 

S  14.850 

161 

2 

1,000 

151,000 

37 

3 

:.  M 

49,025 

64 

4 

2,000 

108,000 

4 

6 

MM                     ••..•*• 

28 

8 

74,200 

17 

8 

:.'    0 

62,050 

5 

9 

m 

19371 

5 

10 

i  UO 

22,750 

2 

14 

7,300 

14.600 

325 

(525,650 

213.047  Estimated    Total    Cost  of    Induction 
Prevention :     The  total  cost  of  the  booster  trans- 
formers for  preventing  induction  under  electric 
operation  of  the  Chicago  railroad  terminals    is 
based  on  the  cost  of  labor  and  materials  as  de- 
termined for  1912,  extended  in  a  manner  normal 
to  these  estimates  (chapter  212),  the  factors  of 
extension  in  this  case  being  as  follows: 

PER  CENT 

1 .  To  cover  growth  in  mileage  of  railroads,  December 

31,  1912,  to  December  31,  1922 30.0 

2.  Contingencies 20.0 

3.  Engineering,  design,  supervision  and  administration         10.0 

4.  Interest,  insurance  and  taxes  during  construction,  at 
1.75  per  cent  per  annum  for  6  years,  December  31, 

1916,  to  December  31,  1922 10.5 

The  value  thus  derived  may  be  accepted  as  the 
total  cost  on  the  basis  of  requirements  for  1922. 
The  cost  has  been  divided  among  the  several 
railroads  to  be  served  on  the  basis  of  the  total 
mileage  of  tracks  to  be  electrified. 

The  total  cost,  by  railroads,  of  preventing 
induction  by  the  installation  of  booster  trans- 
formers, is  set  forth  for  the  ii,ooo-volt  alternat- 
ing current  system  in  table  CCXCIX. 

TELEPHONE  SYSTEM 

213.048  General   Considerations:    With  any 
system  of  electric  operation,  it  is  essential  that  all 


Railroad 

Total  Cost 

Atchison,  Topeka  A  Suit*  Fe  Ry  .  . 

$  !'.'• 
17,238 
33,168 
1,710 

82 

17,075 

,.,,).,.. 

i  /...,. 

9,923 
1M.234 
92,430 
53.668 

5.967 
3,413 

I..:.;:. 
57.521 

75,600 
.;ni<> 
40.260 
1.538 

2.360 
5,181 

32.819 

>.'.:..; 

97,673 

,..,M 
..77-1 
47,370 

19,772 

Baltimore  A  Ohio  R  R  

Chicago  A  Alton  R.  R"  

Chicago  A  Eutern  Illinois  R.  R     

Chicago  A  Erie  R.  R  

Chicago  A  North  Western  Ry  . 

Chicago  A  Western  Indiana  H.  R.  and  the  Beit  Ry  .  of  Chicago 
Chicago.  Burlington  A  Quincy  H   R 

Chicago  Great  Western  R.  R  

Chicago,  Indianapolia  A  Louisville  Ry  

Chicago  River  A  Indiana  R.  R  

Chicago,  Hock  Inland  A  Pacific  Kv 

Chicago  Short  Line  Ry  '.  

Chicago  Union  Transfer  Ry  
Chicago,  West  Pullman  A  Southern  H    !<           

Elgin,  Joliet  A  Eastern  Ry  

Grand  Trunk  Western  Ry  

Illinois  Central  R.  R  

Indiana  Harbor  Belt  R.  R  

Michigan  Central  R.  R  .  . 

Minneapolis.  St.  Paul  A  Sault  Ste.  Marie  Ry.*.  .  . 

New  York.  Chicago  A  St.  Louis  K.  It  

:•..-_•'. 
2.812 

39.458 
80.500 

I  ;..'!•> 
20.718 

Pere  Marquette  R.  R  

Pittsburgh,  Cincinnati,  Chicago  A  St.  Louis  Ry  

Pittsburgh,  Fort  Wayne  A  Chicago  Ry  

W  abash  Railroad  

Tool  

1998,727 

*  Owns  no  track  to  be  electrified. 

elements  of  the  electric  installation  be  in  close 
communication  with  one  another.  To  this  end  a 
more  complete  telephone  system  is  required  than 
is  necessary  with  steam  operation.  As  a  basis  of 
estimates  of  cost,  it  has  been  assumed  that  there 
will  be  a  central  telephone  exchange  at  the  power 
station  under  the  direction  of  a  chief  power 
operator.  From  this  exchange  there  will  be  a 
separate  line  to  each  substation  and  switching 
station  and  to  the  general  or  dispatcher's  office 
of  each  electrified  railroad.  Telephones  will  alsa 
be  required  at  each  of  the  locomotive  terminals. 
It  has  been  assumed  that  all  of  the  lines  and 
equipment  for  this  service  will  be  installed  and 
maintained  by  the  local  telephone  company  on  a 
rental  basis  and  that  there  will  be  no  cost  to  the 
railroad  for  their  installation. 

Radiating  from  certain  important  substations, 
there  are  to  be  telephone  patrol  lines  which  will 
be  installed  and  owned  by  the  railroad  companies. 
These  patrol  lines  will  provide  for  the  prompt 
transmission  of  reports  concerning  defects  or 
troubles  of  any  kind  found  by  the  men  who  will 
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patrol  the  electric  lines.  Their  cost  is  the  only 
item  for  telephone  system  that  enters  into  the 
installation  cost  of  electrification. 

213.049  Telephone  Patrol  Lines:    The  wires 
of  the  telephone  patrol  line  are  to  be  carried  on 
the  existing  telephone  or  telegraph  poles  along  the 
rights-of-way.     Instruments  to  be  rented  from  the 
telephone  company  are  to  be  located  in  weather- 
proof boxes  or  shelters  protected  with  standard 
switch  locks,  so  that  all  authorized  employes  may 
have  access  to  them  in  case  of  emergency.     The 
operator  at  the  substation  with  which  any  section 
of  the  patrol  line  may  connect  will  answer  calls 
from  patrolmen  and  when  necessary  make  connec- 
tion with  the  power  station  operator. 

It  is  assumed  that  each  road  will  have  control 
over  the  operation  of  its  own  tracks,  and  a  patrol 
line  with  two  stations  per  mile  is  to  be  provided 
along  all  electrified  right-of-way.  The  spacing  of 
the  instruments  is  to  be  varied  slightly  where 
necessary  to  permit  of  locating  at  or  near  signal 
bridges,  passenger  stations,  interlocking  towers  or 
other  service  buildings,  at  points  where  these  may 
exist  or  where  they  may  be  established. 

The  smaller  roads  which  consist  principally  of 
yard  and  industrial  tracks,  and  which  may  be 
said  to  have  no  route  mileage,  will  presumably  be 
served  by  the  telephone  system  along  the  right- 
of-way  of  an  adjacent  road,  and  no  allowance  is 
included  in  these  estimates  for  telephone  patrol 
line  for  such  small  roads. 

213.050  Unit  Costs  of  Telephone  Patrol  Line: 
The  estimated  unit  costs  of  labor  and  materials 
for  the  telephone  patrol  line  vary  from  $250  to 
$350  per  circuit  mile,  depending  upon  the  extent 
to  which  space  on  the  present  poles  and  cross- 
arms  may  be  used  for  the  additional  wires.    Where 
this  space  is  not  available,  new  arms  or  brackets 
and  in  some  cases  even  new  poles  may  be  required. 
The  estimates  which  follow  are  based  upon  an 
average  cost  of  $300  per  route  mile. 

213.051  Estimated  Costs  of  Telephone  System 
on  the  Basis  of  the  Requirements  of  1912,  Ex- 
cluding all  Allowances  for  Contingencies  and  for 
Engineering:    From  the  estimated  unit  costs  of 
the  telephone  patrol  presented  in  the  preceding 
section  and  the  route  mileage  to  be  electrified 
as  given  for  each  road  in  chapter  209,  the  costs  of 
the  telephone  system  have  been  estimated.    These 
estimates   of   cost,    excluding  all  allowances  for 


contingencies  and  for  engineering,  are  set  forth 
in  table  CCC. 

TABLE   CCC.     ESTIMATED   COSTS  OP   LABOR   AND    MATERIAL 
FOR  TELEPHONE  SYSTEM.  BY  ROADS 
(Bull  el  iota) 


Railroad 


Atrhison,  Toprka  A  Hanta  Ke  Railway , «    U 

Baltimore  A  Ohio  Railroad > JMJC 

Baltimore  A  Ohio  Chicago  Terminal  Railroad 

Calumet,  Hammond  ft  Southeastern  Railroad 

Chesapeake  ft  Ohio  Railway  of  Indiana 

Chicago  *  Alton  Railroad 3,000 

( 'liii-iigo  ft  Calumet  River  Railroad 

riiirugo  A  Eaitern  Illinois  Railroad 

Chicago  ft  Erie  Railroad 

Chicago  ft  North  Western  Railway -" 

Chicago  4  Western  Indiana  R.  R.  and  the  Belt  Ry.  of  Chicago  It  .'•-• 

Chicago,  Burlington  ft  Quincy  Railroad 5,870 

Chicago  Great  Western  Railroad 

Chicago,  Indiana  A  Southern  Railroad 1,440 

Chicago,  Indianapolis  4  Louisville  Railway 

Chicago  Junction  Railway ' 

Chicago,  Milwaukee  A  St.  Paul  Railway '•     "' 

Chicago  River  ft  Indiana  Railroad 

Chicago,  Rock  Island  &  Pacific  Railway MM 

Chicago  Short  Line  Railway 

Chicago  Union  Transfer  Railway 1.050 

Chicago,  West  Pullman  A  Southern  Railroad 

Klgin,  Joliet  A  Eastern  Railway 

Grand  Trunk  Western  Railway 3,12t 

Illinois  Central  Railroad 14.180 

Illinois  Northern  Railway l.OSC 

Indiana  Harbor  Belt  Railroad 2.970 

Lake  Shore  A  Michigan  Southern  Railway 9.030 

Michigan  Central  Railroad 3.420 

Minneapolis,  St.  Paul  A  Sault  Ste.  Marie  Railway* 

New  York,  Chicago  A  St.  Louis  Railroad 4.110 

Pore  Marquette  Railroad 

Pittsburgh,  Cincinnati,  Chicago  A  St.  Louis  Railway -  •  7 

Pittsburgh,  Fort  Wayne  A  Chicago  Railway 1     7  •" 

Pullman  Railroad .'. . .  liJJJ 

Wabash  Railroad ' 2,820 

Total ~       $169,560 

«  Owns  no  track  to  be  electrified. 


Total  Cost 


213.052  Estimated  Total  Cost  of  Telephone 
System:  In  extending  costs  to  cover  growth 
subsequent  to  the  year  1912,  it  has  been  assumed 
that  the  mileage  of  railroad  routes  within  the  area 
to  be  electrified  will  not  materially  increase,  and 
that  the  cost  of  the  telephone  system,  which  is 
based  upon  route  mileage,  will  therefore  not  be 
greatly  affected  by  growth.  But  the.  trackage 
and  the  traffic  will  increase  and  the  growth  of 
these  may  be  expected  to  bring  about  some  elabo- 
ration of  the  telephone  patrol  system.  It  has 
therefore  been  assumed,  for  the  purpose  of  these 
estimates,  that  a  flat  allowance  of  10  per  cent  of 
the  cost  as  estimated  for  the  year  1912  will  be 
sufficient  to  provide  for  the  increase  in  facilities 
affecting  the  extent  of  the  telephone  system  during 
the  period  between  1912  and  1922.  Allowances 
for  contingencies  and  other  factors  normal  to  all 
estimates  (chapter  212)  are  also  made,  the  factors 
of  extension  in  this  case  being  as  follows: 

PER   CENT 

i .    To  cover  growth  in  traffic  and  trackage  of  railroads, 
December  31,  1912,  to  December  31,  1922   .     .     . 
a.     Contingencies 


10. o 
20.  o 
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3.  Engineering,   design,  supervision  and  administra- 
tion            10. o 

4.  Interest,  insurance  and  taxes  during  construction, 
at  1.75  per  cent  per  annum  for  6  years,  Decem- 
ber 31,  1916,  to  December  31,  1922   10.5 

The  estimated  total  cost  of  the  telephone  sys- 
tem on  the  basis  outlined  is  presented  for  each 
road  in  table  CCCI. 

TABLE  CCCI.     ESTIMATED  TOTAL  COST  OP  TELEPHONE 
SYSTEM,  BY  ROADS 
(Dec.  31. 


RailrnnH 


Atchison  Topeka  A  Santo  Fe  Hallway 

Baltimore  A  Ohio  Railroad 

Baltimore  A  Ohio  Chicago  Terminal  Railrond 

Calumet.  Hammond  &  Southeastern  Railroad 

Chesapeake  A  Ohio  Railway  of  Indiana .    . 

Chicago  &  Alton  Railroad 

Chicago  A  Calumet  River  Railroad 

Chicago  A  Eastern  Illinois  Railroad 

Chicago  A  Erie  Railroad -. 

Chicago  *  North  Western  Railway 

Chicago  A  Western  Indiana  R.  R.  and  the  Belt  Ry.  of  Chicago 

Chicago.  Burlington  A  Quincy  Railroad 

Chicago  Great  Western  Railrond 

Chicago,  Indiana  A  Southern  Railroad 

Chicago,  Indianapolis  A  Louisville  Railway 

nhifflUn  Junction  Railway 

Chicago.  Milwaukee  A  St.  Paul  Railway 

Chicago  River  A  Indiana  Railroad 

Chicago,  Rock  Island  A  Pacific  Railway 

Chicago  Short  Line  Railway 

Chicago  Union  Transfer  Railway 

Chicago.  West  Pullman  &  Southern  Railroad 

Elgin.  Joliet  A  Eastern  Railway 

Grand  Trunk  Western  Railway 

Illinois  Central  Railroad 

Illinois  Northern  Railway 

Indiana  Harbor  Belt  Railroad 

Lake  Shore  A  Michigan  Southern  Railway  

Michigan  Central  Railroad 

Minneapolis.  St.  Paul  A  Sault  Ste.  Marie  Ry* 

New  York,  Chicago  A  St.  Louis  Railroad 

Pere  Marquctte  Railroad 

Pittsburgh.  Cincinnati,  Chicago  A  St.  Louis  Railway 

Pittsburgh.  Fort  Wayne  A  Chicago  Railway 

Pullman  Railroad 

Wabash  Railroad 


Total 


Total  Cost 

f  8.824 

7.846 

17,087 

0 

0 

4.813 
0 

1.300 
44.138 
23.393 

- 


0 

2.310 
[jOU 

22.238 

•-•• 

1.685 
0 

1.348 
6.006 

22,718 
[JSU 
4.76.% 

14.488 
5,487 


MM 
o 

13.611 
25.270 

i  \m 

4.525 
$272.052 


•  Owns  no  track  to  be  electrified. 

ELECTRIC    LOCOMOTIVES,  MULTIPLE- 
UNIT  EQUIPMENT,  WORK  AND 
INSPECTION  EQUIPMENT 

2I3-<>53  General  Considerations:  There  is 
as  yet  no  standardized  type  of  electric  locomo- 
tive. Every  important  electric  railroad  perform- 
ing heavy  service  is  using  locomotives  designed 
and  constructed  for  its  individual  work.  These  de- 
signs may  differ  in  the  grouping  of  wheels,  in  the 
mounting  of  motors,  in  the  mechanism  connecting 
armature  with  wheels  and  in  adaptation  to  the 
requirements  of  the  electric  system  employed. 
These  differences  are  generally  unimportant  as 
factors  in  the  development  of  this  report,  but  in 
order  that  an  estimate  of  cost  might  be  made,  it 
has  been  necessary  to  fix  a  design  and  to  specify 
certain  mechanical  and  electrical  characteristics. 
It  is  to  be  understood,  however,  that  the  designs 


thus  specified  are  not  necessarily  regarded  as  being 
preferable  to  all  others.  They  have  been  selected 
largely  because  definite  information  is  available 
as  to  the  cost  and  performance  of  units  built  from 
them,  and  because  it  is  probable  that  other  designs 
which  might  be  used  would  not  differ  materially 
in  cost  from  those  selected.  In  estimating  the 
energy  requirements,  the  6oo-volt  direct  current 
equipment  was  made  the  basis  of  all  initial  deter- 
minations. Energy  requirements  and  operating 
results  of  the  2,4oo-volt  direct  current  and  the 
1 1, ooo- volt  alternating  current  equipment  have 
been  derived  from  those  initially  obtained  for  the 
6oo-volt  direct  current  equipment. 

213.054  The  Service:  Preliminary  to  a  de- 
termination of  the  characteristics  of  the  electric 
locomotives  to  be  used  on  the  Chicago  terminals, 
the  work  now  being  done  by  steam  locomotives 
has  been  carefully  studied.  The  performance  of 
existing  steam  locomotives  has  been  set  forth  in 
reports  made  by  the  railroads  and  in  results  of 
tests  conducted  under  service  conditions  in  con- 
nection with  the  Committee's  investigation.  The 
facts  thus  obtained  constitute  a  definition  of  the 
work  to  be  done  in  the  operation  of  the  Chicago* 
terminals. 

In  all  of  the  Committee's  work  the  different 
locomotive  services  have  been  classified  as  follows : 
i.  Yard, 
a.  Road  freight. 

3.  Freight  transfer. 

4.  Passenger  transfer 

5.  Through  passenger. 

6.  Suburban  passenger. 

A  review  of  returns  has  shown  that  the  passen- 
ger transfer  service,  defined  as  "the  movement  of 
passenger  cars,  loaded  and  empty,  between  rail- 
roads or  between  yards  of  the  same  railroad  that 
are  not  contiguous,"  constitutes  a  very  small  part 
of  the  work  in  the  terminals.  As  measured  in  ton- 
miles,  it  is  about  one  per  cent  of  the  total.  It  is 
now  performed  entirely  by  yard  locomotives,  and 
any  type  of  electric  locomotive  suitable  for  yard 
service  may  be  employed  for  this  work.  Simi- 
larly, that  part  of  the  suburban  passenger  service 
which  cannot  best  be  handled  by  multiple-unit 
trains  is  sufficiently  similar  to  the  through  pas- 
senger service  to  permit  of  its  being  handled  by 
a  type  of  locomotive  employed  in  that  service. 
There  remain,  then,  yard,  road  freight,  freight 
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transfer  and  through  passenger  services,  for  which 
suitable  electric  locomotives  are  to  be  provided. 
On  first  consideration  it  would  seem  that  the 
type  of  electric  locomotive  to  be  provided  for 
handling  any  class  of  service  should  be  deter- 
mined on  the  basis  of  the  characteristics  of  the 
steam  equipment  now  performing  that  service. 
But  it  must  be  borne  in  mind  that  many  roads 
are  involved,  that  a  study  of  the  practices  of  differ- 
ent roads  discloses  many  differences,  and  that  the 
weight  and  power  of  many  locomotives  in  service 
are  far  below  the  maximum  requirements  of  the 
present  day.  Consequently,  the  power  character- 
istics of  the  steam  locomotives  which  now  perform 
the  greater  part  of  any  service  would  not  be  per- 
petuated if  all  the  present  equipment  were  to  be 
renewed.  Again,  the  well-known  fundamental  dif- 
ferences between  steam  and  electric  locomotives 
make  direct  comparisons  difficult.  With  full  con- 
sideration of  these  aspects  of  the  problem,  the 
traffic  and  train  movements  of  the  Chicago  ter- 
minals for  1912  have  been  analyzed,  the  character- 
istics of  the  locomotives  employed  have  been 
tabulated  and  studied  and,  so  far  as  practi- 
cable, the  information  thus  obtained  has  been 
utilized. 

213.055    Electric  Locomotive  for  Yard  Service: 

From  the  reports  of  ten  roads,  representing  63  per 
cent  of  the  locomotive-hours  of  yard  service  per- 
formed within  the  Area  of  Investigation,  it  was 
found  that  75  per  cent  of  the  steam  locomotives 
engaged  in  this  service  carry  between  100,000 
and  175,000  pounds  on  drivers,  and  that  12  per 
cent  carry  more  than  175,000  pounds  on  drivers, 
the  maximum  being  225,000  pounds.  From  103 
tests  made  in  66  yards  of  13  railroads,  covering 
over  800  locomotive-hours  of  service,  the  average 
weight  on  drivers  of  the  locomotives  tested  was 
found  to  be  138,000  pounds. 

The  average  run  in  this  service,  as  determined 
from  the  tests  made  in  yards  under  service  condi- 
tions, was  found  to  be  as  follows: 

Average  length  of  run 

Average  time  of  run        

Average  time  of  stop 

Average  speed  while  in  motion  . 
Average  speed,  including  stops  .      .      . 
Average  trailing  load 


628  feet 

I  min.  \g%  sec. 
53  sec. 

5.4  miles  per  hour 

3.24  miles  per  hour 

306  tons 


in  service.  As  compared  with  these  steam  locomo- 
tives an  electric  locomotive  may,  through  the  ease 
with  which  its  wheel  arrangement  can  be  articula- 
ted, have  greater  total  weight  on  drivers  without 
increasing  the  load  per  wheel  or  the  length  of  the 
rigid  wheel  base.  As  a  consequence,  an  electric 
locomotive  may  have  greater  maximum  tractive 
effort  without  exceeding  or  even  equaling  the 
total  weight  of  the  present  steam  locomotive  and 
tender.  From  such  consideration  as  has  been 
given  the  matter,  the  weight  of  the  electric  loco- 
motive for  yard  service  has  been  taken  for  all 
systems  as  160,000  pounds,  all  on  drivers.  The 
estimates  are  based  on  a  locomotive  with  two 
4-wheel  trucks,  and  on  account  of  the  low  speeds 
required  in  this  service,  the  motors  are  assumed 
to  be  geared  to  the  axles.  This  locomotive  is  to 
be  equipped  with  four  120 -horse -power  motors 
and  will  handle  the  average  trailing  load,  as  defined 
above,  over  the  average  length  of  run  at  5.5  miles 
per  hour  by  operating  in  series-parallel  or  at  7.2 
miles  per  hour  by  operating  in  parallel.  At  the 
normal  one-hour  rating,  the  capacity  of  the  loco- 
motive will  be  480  horse-power,  that  is,  the  loco- 
motive can  develop  this  power  for  one  hour 
without  stopping,  with  a  temperature  rise  in  the 
motors  not  exceeding  75  degrees  centigrade.  At 
this  rating,  it  will  develop  21,500  pounds  tractive 
effort  at  8.6  miles  per  hour  and  11,500  pounds 
tractive  effort  continuously  at  10.3  miles  per  hour. 
Its  power  capacity  for  short  intervals  of  time  will 
greatly  exceed  these  limits,  and  momentarily  it 
will  develop  a  tractive  effort  of  50,000  pounds,  or 
sufficient  to  slip  the  wheels  at  31.2  per  cent  ad- 
hesion without  exceeding  the  commutating  limit. 

213.056  Electric  Locomotive  for  Road  Freight 
Service:  The  speeds  required  in  this  service,  as 
observed  from  22  tests,  averaged  about  15  miles 
per  hour  and  the  maximum  was  a  little  more  than 
40  miles  per  hour.  The  average  results  of  the 
22  tests  made  in  this  service  compared  with  the 
average  throughout  the  year,  as  taken  from  the 
reports  of  all  roads,  are  shown  in  the  following: 


The  modern  steam  switching  locomotive  is  of 
greater  weight  than  the  average  of  all  those  now 


Locomotive-hours 

Average  trailing  load,  tons      .... 
Average  speed  while  in  motion,  miles     . 

per  hour 14.9 

Average  speed  including  stops,  miles 

per  hour 11.7 

Average  length  of  run,  miles  .     .     '.     .      .       2.8 


TESTS  REPORTS 

21.97  •     •   ".500 
1,320  .     .       988 
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The  electric  locomotive  for  road  freight  service 
selected  as  a  basis  for  estimates  is  similar  in  wheel 
and  truck  arrangement  to  the  yard  locomotive 
except  that  it  has  eight  motors,  two  of  which  are 
geared  to  each  of  the  four  axles.  The  weight  has 
been  taken  as  200,000  pounds  for  the  600- volt 
and  2,4oo-volt  direct  current  systems  and  as 
230,000  pounds  for  the  n.ooo-volt  alternating 
current  system.  Economical  operation  may  be 
maintained  over  a  wide  range  of  speeds  by  having 
the  control  system  provide  for  three  motor  group- 
ings, i.  e.,  series,  series-parallel  and  parallel.  The 
motors  are  each  to  be  of  25o-horse-power  capac- 
ity on  the  one-hour  rating.  Eight  motors  will 
develop  a  tractive  effort  of  80,000  pounds,  or 
sufficient  to  slip  the  wheels  at  40  per  cent  ad- 
hesion without  exceeding  the  commutating  limit, 
and  will  develop  19,200  pounds  tractive  effort  at 
22.5  miles  per  hour  continuously,  and  40,000 
pounds  at  18.5  miles  per  hour  for  one  hour. 

The  locomotive  is  capable,  if  operated  in  par- 
allel, of  handling  the  average  trailing  load  at  an 
average  speed  while  in  motion  of  about  22  miles 
per  hour,  which,  as  shown  by  the  tests,  is  about 
50  per  cent  greater  than  the  average  speed  of  the 
present  steam  locomotive.  Operation  in  series- 
parallel  will  reduce  this  when  desired  and  will, 
of  course,  reduce  the  energy  consumption. 

2I3-°57  Electric  Locomotive  for  Freight  Trans- 
fer Service :  The  character  of  the  freight  transfer 
service,  as  developed  by  58  tests  and  by  the  reports 
of  all  roads  for  1912,  is  shown  in  the  following: 

TESTS  REPORTS 

Locomotive-hours 148.21  .  .  62,000 

Average  trailing  load,  tons  .  .  .  .  1.311  .  .  MI 
Average  speed  while  in  motion,  miles 

per  hour 8.1  

Average  speed  including  stops,  miles  per 

hour 53  •  •  5-7 

Average  length  of  run,  miles  .  .  .  0.376  

As  in  the  case  of  road  freight  service,  the  results 
show  that  the  service  selected  for  test  was  heav- 
ier than  the  average  of  the  same  service  for  all 
roads  throughout  the  year.  The  average  trailing 
load  for  freight  transfer  trains  tested  was  more 
than  60  per  cent  greater  than  the  average  of  all 
trains  as  reported.  Much  of  the  present  freight 
transfer  service  is  handled  by  locomotives  which 
are  essentially  yard  locomotives,  and  in  deter- 
mining the  electric  energy  required  it  has  been 
assumed  that  the  electric  locomotives  provided 


for  yard  service  will  perform  much  of  the  transfer 
service.  That  portion  of  the  service  which  cannot 
well  be  performed  by  yard  locomotives  will  be 
operated  by  the  type  of  locomotive  specified  for 
road  freight  service.  This  road  freight  locomotive 
will  handle  the  transfer  service  as  herein  set  forth 
with  motors  in  series-parallel  at  about  10  miles 
per  hour,  which  speed  is  to  be  compared  with 
8.1  miles  per  hour  now  being  maintained  in  the 
steam  operated  service. 

For  the  purpose  of  these  estimates  it  is  assumed, 
therefore,  that  no  locomotive  is  to  be  especially 
designed  for  freight  transfer  work. 

213.058  Electric  Locomotive  for  Passenger  Ser- 
vice :    The  maximum  trailing  weight  of  passenger 
trains  to  be  handled  is  about   900   tons.     Most 
of  the  lighter  trains,  and  those  making  very  fre- 
quent stops,  are  to  be  operated  with  multiple-unit 
motor  cars,  leaving  the  through  passenger  trains 
and  suburban  trains  which  go  to  points  beyond 
the   limits  of  electrification    to   be  handled   by 
electric  passenger  locomotives.     Although   there 
is  a  very  considerable  difference  in  the  weights 
of  trains,  only  one  type  of  locomotive  has  been 
selected  for  this  service,  the  freight  locomotive 
being  available  for  trains  making  frequent  stops. 
The  locomotive  for  passenger  service  selected  as  a 
basis  of  estimates  is  of  the  double  or  articulated 
type,  each  half  being  similar  in  wheel  arrangement 
and  frame   to  the   "American"   type   or  eight- 
wheel    steam    locomotive.     Motors    aggregating 
2,000    horse-power    are    mounted    in    the    cabs 
above   the  frame.     Cranks  and  connecting  rods 
drive  jack  shafts  which  in  turn  connect  through 
coupling  rods  to  the  driving  wheels.     For  both 
of  the  direct  current  systems,  the  total  weight  is 
assumed  to  be  310,000  pounds  and  for  the  alter- 
nating current    system,   320,000    pounds.      The 
weight  on  driving  wheels  in  both  cases  is  taken  as 
63  per  cent  of  the  total.     At  the  normal  or  one- 
hour  rating  of  the   motors,   the  locomotive  will 
develop  24,000  pounds  tractive  effort  at  31.5  miles 
per  hour.     It  will  attain  a  speed  of  60  miles  per 
hour  with  a  sso-ton  train  on  level  tangent  track 
and,  without  exceeding  the  momentary  capacity 
of  the  motors,  will  slip  the  wheels  at  more  than 
30  per  cent  adhesion. 

213.059  Multiple-Unit  Cars  for  Suburban  Pas- 
senger Service :    The  cars  at  present  used  in  that 
part  of  the  suburban  passenger  service  which  is 
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to  be  operated  by  multiple-unit  cars  vary  in 
length  of  body  from  39  to  64  feet,  in  weight  from 
35,000  to  88,700  pounds,  and  in  seating  capacity 
from  40  to  100  passengers.  In  selecting  a  type  of 
car  on  which  to  base  estimates  of  cost  for  this 
service,  no  attempt  has  been  made  to  duplicate 
these  varying  characteristics,  the  assumption  be- 
ing that  if  new  equipment  were  to  be  provided 
it  would  be  of  uniform  character  for  any  one  road, 
and  also  that  there  is  not  sufficient  variation  in 
the  character  of  the  service  on  the  different  roads 
to  require  differences  in  equipment.  Only  one 
design  of  motor  car  has  therefore  been  considered. 
Following  the  practice  of  roads  elsewhere  which 
have  operated  multiple-unit  service,  and  the 
evident  tendency  of  steam  roads  in  providing 
new  passenger  equipment,  the  use  of  steel  cars 
has  been  assumed  as  a  basis  of  estimates. 

The  weights,  dimensions  and  seating  capaci- 
ties of  motor  cars  now  used  in  multiple-unit 
service  by  four  electrified  steam  railroads  are 
shown  by  table  CCCII. 


mounted  on  the  same  truck.  For  the  2,400- 
volt  direct  current  system  there  are  four  motors, 
two  mounted  on  each  truck. 

The  combination  passenger  and  baggage  cars 
selected  have  the  same  dimensions,  motor  equip- 
ment and  weight  as  the  motor  coaches  just 
described  and  seat  50  passengers.  The  trailer 
cars  have  the  same  dimensions  as  the  motor  cars, 
seat  70  passengers  and  weigh,  with  average  seated 
load,  88,000  pounds.  They  are  to  be  equipped 
with  master-controllers  at  both  ends,  so  that  they 
can  be  used  to  operate  the  train  when  at  the  head 
end.  The  6oo-volt  trailers  are  to  have  contact 
shoes  and  power  bus  line,  so  that  the  train  may 
operate  satisfactorily  over  the  maximum  span  at 
third  rail  gaps. 

The  assumed  make-up  of  trains  provides  a 
seating  capacity  nearly  10  per  cent  greater  than 
that  of  the  present  trains.  The  relative  number 
of  motor  and  trailer  cars  per  train  has  been  fixed, 
for  these  estimates,  as  shown  by  table  CCCIII. 

Multiple-unit  trains  made  up  as  indicated  will 


TABLE  CCCII.     CHARACTERISTICS  OF  MULTIPLE-UNIT  MOTOR  CARS  IN  USE  ON  EXISTING  STEAM  RAILROAD  ELECTRIFICATIONS 


Railroad 

Total  Weight  without 
Passengers.  Ib. 

Length  over  Body 

Length  over  Buffers 

Width  over  Earn 

Number 
Seated 
Paxencen 

1 

2 

3 

4 

6 

6 

New  York  Central  &  Hudson  River  Railroad 

102,600 

SOft. 

flOft. 

9  ft.  10H  in- 

84 

110.400 

54  ft.    i;.'.4'  in. 

64  ft.    5?i  in. 

10  ft.    oJi  in. 

72 

Southern  Pacific  Railroad  

100,400 

58  ft.    6H  in. 

72  ft.  10H  in. 

10  ft.    6%  in. 

116 

As  a  basis  for  estimates  of  cost  and  energy 
required,  a  motor  car  has  been  selected  which, 
when  fully  equipped  and  wjth  average  seated  load, 
weighs  110,000  pounds  for  the  6oo-volt  direct 
current  system,  126,000  pounds  for  the  2, 400- volt 
direct  current  system  and  117,000  pounds  for  the 
u.ooo-volt  alternating  current  system.  It  is 
approximately  54  feet  long  over  the  body  and 
64  feet  long  over  all,  and  has  seating  capacity  for 
70  passengers.  It  will  be  noted  that,  as  regards 
length  and  seating  capacity,  this  is  close  to  the 
average  of  the  largest  and  smallest  cars  in  the 
present  steam  service,  and  as  regards  length  it 
corresponds  also  to  the  average  of  the  three  exam- 
ples of  motor  cars  mentioned  in  table  CCCII. 

Each  motor  car  is  equipped  with  motors  hav- 
ing a  total  capacity,  with  forced  ventilation,  of 
500  horse-power  at  the  one-hour  rating.  For  the 
600- volt  direct  current  and  11,000- volt  alternating 
current  systems  there  are  but  two  motors,  both 


TABLE  CCCIII.     MAKE-UP    OF    MULTIPLE-UNIT   TRAINS 


Motor  Can 

Trailer  Can 

Total  Can  in  Train 

1 

a 

3 

2 

2 
3 

4 
5 

0 

1 
1 

2 
2 
3 
8 

a 

3 

4 
5 
6 
7 

permit  an  increase  of  speed  of  from  5  to  10  per 
cent  on  short  runs  and  the  duplication  of  present 
speeds  on  long  runs.  It  is  estimated  that,  on  the 
average,  multiple-unit  equipment  will  provide 
speeds  about  5  per  cent  higher  than  those  now 
common  under  steam  operation.  The  rate  of 
acceleration  of  a  five-car  train  will  be  about  one 
mile  per  hour  per  second  and  its  maximum  speed 
on  tangent  track  about  55  miles  per  hour. 

213.060  Basis  for  Determining  the  Number 
of  Units  of  Equipment  Required :  The  number  of 
electric  locomotives  and  multiple-unit  motor  and 
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trailer  cars  which  will  be  required  under  the  pro- 
posed electric  operation  of  the  Chicago  terminals 
is  a  function  of  the  extent  of  the  trackage  to  be 
electrified  and  of  the  density  of  traffic  to  be  han- 
dled. The  extent  of  the  plan  of  electrification 
which  underlies  the  Committee's  estimates  of  cost 
is  set  forth  in  detail  in  chapter  209.  The  con- 
siderations which  controlled  the  development  of 
the  plan,  and  the  practices  involved  in  the  opera- 
tion of  the  entire  terminal  and  in  that  of  individual 
roads,  are  discussed  in  that  chapter  in  connection 
with  statistical  facts  relating  to  the  extent  of 
trackage  and  the  volume  of  traffic.  A  summary 
of  this  statistical  information  is  presented  in  the 
following : 

MILES 

Main  track 1.475-59 

Other  track 1.733-83 

Adjacent  industrial  track,  privately  owned  .     .     .  229.72 

Total  electrically  equipped  track      ....        3,439  -'4 

The  volume  of  traffic  handled  over  this  trackage, 
as  determined  for  the  year  1912,  is  set  forth  in 
chapter  202.  From  this  record  such  summarized 
statements  as  are  needed  for  the  present  study 
have  been  taken. 

Classification  of  Services 
The  service  to  be  conducted  over  the  proposed 
electrified  trackage  of  the  Chicago  terminals  is, 
for  the  present  purpose,  divided  into  four  classes: 
_i.  Locomotive  passenger. 

2.  Multiple-unit  passenger. 

3.  Road  freight. 

4.  Yard  and  transfer. 

Under  electric  operation  locomotive  passenger 
service  will  ordinarily  be  performed  by  electric 
passenger  locomotives,  general  specifications  for 
which  are  set  forth  in  section  213.058. 

Multiple-unit  passenger  service  will  be  per- 
formed by  multiple-unit  motor  and  trailer  cars, 
general  specifications  for  which  are  set  forth  in 
section  213.059. 

Road  freight  service  will  ordinarily  be  per- 
formed by  electric  road  freight  locomotives, 
general  specifications  for  which  are  set  forth  in 
section  213.056. 

i  Yard  and  transfer  service  will  ordinarily  be 
performed  by  electric  yard  locomotives,  general 
specifications  for  which  are  set  forth  in  section 
2I3-°5S-  This  service  comprises  the  three  ser- 
vices [hereinbefore  designated  as  yard,  freight 
transfer  and  passenger  transfer. 


Density  of  Traffic  for  the  Average  Day  in  Each 

Class  of  Service 

The  number  of  train -miles  made  daily  in  each 
of  the  different  classes  of  service  over  the  trackage 
to  be  electrified  is  as  follows: 

TRAIN-MILES 
12,460 


Locomotive  passenger       .... 
Multiple-unit  passenger   .... 

Road  freight 

Yard  and  transfer  (locomotive-miles) 


11,328 

5.369 

34.673 


Total 63,830 

The  number  of  trains  scheduled  in  passenger 
service,  based  on  railroad  time-tables  of  October, 
1912,  is  as  follows: 

AVERAGE  NO.   PER  DAY 

Locomotive  passenger 704 

Multiple-unit  passenger 661 

Total 1,365 

The  number  of  ton-miles  and  of  locomotive- 
hours  of  service  performed  in  road  freight  service 
is  as  follows: 

FOR  AVERAGE  DAT 

Trailing  ton-miles 5,668,326 

Locomotive-hours  of  service 548 

The  number  of  locomotive-hours  performed 
in  yard  and  transfer  service  is  as  follows: 

FOR  AVERAGE  DAY 

Yard 7.625 

Freight  transfer 1,617 

Passenger  transfer 140 

Total 9.382 

The  basis  upon  which  the  required  amount  of 
equipment  was  determined,  is  set  forth  for  each 
service  in  the  following: 

Locomotive  Passenger  Service 
A  study  of  the  through  passenger  schedules  dis- 
closed the  number  and  frequency  of  the  through 
passenger  trains  of  each  railroad  operating  within 
the  limits  of  electrification.  Facts  thus  obtained 
provided  a  basis  upon  which  the  number  of  loco- 
motives required  for  through  passenger  service 
could  be  determined,  the  desired  result  being  the 
number  of  locomotives  required  to  protect  all 
through  schedules  between  the  city  terminus 
and  the  point  at  which  provision  is  to  be  made  for 
change  of  motive  power,  assuming  that  each  train 
will  operate  on  the  schedule  indicated  by  the  time- 
table. 

Multiple-Unit  Passenger  Service 
A  study  of  the  suburban  passenger  schedules 
disclosed  the  number  and  frequency  of  the 
suburban  trains  of  each  railroad  operating  within 
the  limits  of  electrification.  Facts  thus  obtained 
provided  a  basis  upon  which  the  number  of  mul- 
tiple-unit motor  and  trailer  cars  required  to  pro- 
tect suburban  schedules  could  be  determined. 
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In  the  study  of  the  requirements  of  this  service, 
consideration  was  given  to  seating  capacity, 
running  time  and  other  factors,  in  order  that 
the  assignment  of  electric  equipment  might  be 
adequate  to  provide  a  service  in  every  way 
equal  to  the  present  service.  It  was  assumed  that 
«ach  schedule  would  be  maintained  as  shown  by 
the  time-tables. 

Road  Freight  Service 

A  study  of  the  traffic  handled  in  road  freight 
service  disclosed  the  number  of  locomotive-hours 
and  trailing  ton-miles  for  each  hour  of  the 
average  day,  by  roads.  Facts  thus  obtained 
provided  a  basis  upon  which  the  number  of  loco- 
motives necessary  to  meet  the  schedule  require- 
ments of  this  service  for  the  average  day  could 
be  determined. 

Yard  and  Transfer  Service 
A  study  of  the  traffic  handled  in  yard  service, 
and  freight  and  passenger  transfer  services,  dis- 
closed the  number  of  locomotive-hours  for  each 
hour  of  the  average  day,  by  roads.  Facts  thus 
obtained  provided  a  basis  upon  which  the  num- 
ber of  locomotives  necessary  to  meet  the  schedule 
requirements  of  this  service  within  the  limits  of 
electrification  could  be  determined. 

Influences  Governing  the  Rolling  Equipment 
Requirement 

The  demand  for  transportation  service  during 
certain  hours  of  the  day  and  certain  days  of  the 
year,  in  excess  of  the  average  or  normal  demand, 
constitutes  an  important  factor  to  be  considered 
in  determining  the  amount  of  rolling  equipment 
required  to  handle  the  traffic  of  the  terminals. 
The  amount  of  traffic  to  be  handled  in  the  Chicago 
railroad  terminals  for  the  average  day  of  the  year 
1912  has  been  determined.  Its  seasonal  variation 
has  also  been  determined  and  the  relation  of  its 
flow  for  the  average  day  to  the  flow  for  each  day 
•of  the  average  week  is  known.  A  study  of  these 
factors  has  been  necessary  in  connection  with  the 
determination  of  the  number  of  locomotives 
required  to  handle  the  traffic  under  all  conditions. 

213.061  Locomotive  Passenger  Service:  Loco- 
motive passenger  service  embraces  that  service 
involved  in  the  handling  of  through  passenger 
traffic  within  the  limits  of  electrification.  Under 
electric  operation,  there  will  be  a  change  of  motive 
power  in  this  service  at  the  point  which  marks 
the  outer  limits  of  electric  operation.  In  the  present 
steam  service  no  change  of  locomotives  is  ordi- 
narily made  between  the  city  terminus  and  the 
first  division  point  outside  of  the  city.  The  av- 
erage time  now  consumed  by  steam  locomotives 


in  through  passenger  service  within  the  proposed 
limits  of  electrification  is  about  2.5  hours  per 
day.  At  present  there  is,  of  course,  no  assign- 
ment of  locomotives  exclusively  to  the  service 
within  these  limits.  One  locomotive  generally 
protects  two  schedules,  that  is,  it  brings  a  train 
in  and  takes  a  train  out.  In  a  few  cases  one 
locomotive  protects  three  or  more  schedules,  but 
these  instances  are  so  few  that  they  are  negligible 
in  their  effect.  On  this  basis,  there  are  about 
350  different  steam  locomotives  handling  through 
passenger  trains  each  day  within-  the  proposed 
limits  of  electrification.  The  peak  hours  of  the 
service  occur  in  the  periods  from  6:00  A.M.  to  9:00 
A.M.,  and  from  5:00  P.M.  to  8:00  P.M.  The  extent 
and  density  of  this  service  within  the  proposed 
limits  of  electrification  under  steam  operation  in 
October,  1912,  were  as  follows: 

Average  number  of  train-miles  per  day 12,460 

Average  number  of  scheduled  trains  daily  ....  704 

The  method  used  in  determining  the  minimum 
number  of  electric  locomotives  required  to  pro- 
tect locomotive  passenger  schedules  is  described 
in  the  following: 

From  the  time-tables  in  effect  on  each  road  in 
October,  1912,  each  schedule  was  plotted  on  a 
chart,  by  means  of  which  the  minimum  demands 
of  the  railroad  could  easily  be  noted,  assuming: 

1.  That  each  train  will  be  operated  on  the 
schedule  shown  by  the  time-table. 

2.  That,  in  considering  the  availability  of  an 
electric  locomotive  for  the  purpose  of  protecting 
a  schedule,  30  minutes  clear  time  will  be  allowed 
at  the  terminal  for  coupling  or  uncoupling  and  for 
getting  the  locomotive  into  position. 

3.  That  the  service  of  moving  equipment  be- 
tween the  station  and  the  coach  yard  will  ordi- 
narily be  handled  by  yard  switching  locomotives, 
but  it  may  be  found  both  possible  and  practicable 
to  have  at  least  part  of  this  service  performed  by 
electric  passenger  locomotives  during  the  time 
they  are  waiting  for  a  schedule. 

To  the  total  minimum  requirement  of  each  road 
is  added  an  arbitrary  number  of  "spares"  or  ex- 
tra locomotives  to  protect,  first,  ordinary  inspec- 
tion and  repairs,  and  second,  exigencies  such  as 
extra  service,  accidents,  delays  which  may  result 
in  "bunching  trains,"  and  other  contingencies 
which  arise  in  the  operation  of  a  railroad.  In 
determining  the  number  of  spares  to  provide 
against  all  of  these  conditions  on  each  road, 
consideration  was  given  to  the  following  factors: 
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1.  Where  the  minimum  requirement  is  four 
locomotives  or  less,  the  number  has  been  generally 
doubled  on  the  assumption  that  exigencies  such 
as  accidents,  delayed  trains  and  extra  service 
will  so  change  the  operating   conditions  as  to 
make  it  impossible  to  protect  schedules  with  a 
smaller  number  of  locomotives. 

2.  Where  the  minimum  requirement  has  been 
more  than  four  locomotives,   the  method  em- 
ployed  in   determining   the    number   of    spares 
to  protect  exigencies  has  been  to  consider: 

a.  The  number  of  schedules  operated. 

b.  The  length  of  the  run. 

c.  The  spread  in  time  between  schedules. 

d.  The  operating  conditions  which  obtain  at 
the  terminal  with  reference  to  the  amount  of 
time  required  in  making  an  exchange  of  loco- 
motives or  a  movement  into  position  to  pro- 
tect a  schedule. 

On  roads  having  20  or  more  scheduled  trains 
daily,  one  locomotive  for  each  12  schedules  was 
generally  regarded  as  ample  to  provide  against  ex- 
igencies outside  of  ordinary  inspection  and  repairs. 

It  has  been  assumed  that  the  electric  locomo- 
tive will  be  available  for  service  20  hours  per  day. 
The  4  hours  that  the  locomotive  will  be  out  of 
service,  17  per  cent  of  its  total  time,  will  provide 
for  daily  inspection,  cleaning  and  light  repairs. 

The  electric  locomotive  for  passenger  service 
will  require  shopping  for  heavy  repairs  and 
overhauling  every  60,000  miles.  A  shopping  will 
require  18  days,  or  3  per  cent  of  the  total  time. 

On  these  assumptions,  the  electric  locomotive 
for  passenger  service  will  be  performing  service 


80  per  cent  of  the  total  time,  the  remaining  20 
per  cent  being  required  for  inspection  and  repairs. 

After  giving  consideration  to  all  the  factors 
discussed  in  the  preceding  paragraphs,  the  number 
of  electric  locomotives  required  for  locomotive 
passenger  service,  by  roads,  has  been  determined 
as  shown  by  table  CCCIV. 

213.062  Multiple-Unit  Passenger  Service :  This 
service,  as  distinguished  from  locomotive  passenger 
service,  will  be  operated  entirely  within  the  pro- 
posed limits  of  electrification,  and  multiple-unit 
motor  and  trailer  cars  will  be  used  instead  of 
electric  locomotives.  Equipment  will  be  required 
for  a  daily  service,  the  extent  of  which  is  shown 
by  the  following : 

AVERAGE    NO. 

Suburban  trains  daily 661 

Train-miles  daily,  all  suburban  trains 11,328 

Cars  per  train 4.4 

The  estimates  relating  to  equipment  for  han- 
dling the  multiple-unit  or  suburban  service  are 
based  upon  the  removal  from  such  service  of  the 
present  equipment,  since  this  equipment  is  of 
wood  and  is  regarded  as  unsuitable  for  use  in 
trains  between  steel  motor  cars.  In  working 
out  the  requirements  of  this  service,  each  sched- 
ule has  been  plotted.  A  typical  diagram  of  a 
suburban  schedule  is  presented  as  fig.  647. 

A  minimum  delay  of  ten  minutes  has  been 
allowed  on  all  schedules  at  terminals  to  get  the 
equipment  into  position  for  the  return  movement. 


TABLE   CCCIV.     NUMBER  OP  ELECTRIC  LOCOMOTIVES  REQUIRED   FOR  LOCOMOTIVE  PASSENGER  SERVICE.  BY  ROADS 

(Baaed  on  the  time-table*  of  October.  1912) 


Railroad 

Avg.  No. 
Scheduled 
Train. 
Duly 

AVI.  No. 

i  •  ,  • 
Mil™ 
Daily 

Locomotives  Required 

Minimum 

•     •,:..• 
Schedule* 

Spare*        Total* 

1 

» 

3 

< 

5                  6 

Atchison,  Topeka  &  Santa  Fe  Railway  

18 
12 

e 

18 
30 
11 
171 
47 
8 
6 
14 
84 
30 
22 
50 
38 
31 
14 

e 

10 

1    2 

m 
m 

IK 
185 

185 
540 
Itt 

3.170 
...» 
83 
145 
328 
1,167 
471 
319 
718 
1,132 
704 
112 
154 
215 

1.054 
523 

1 

2 
2 

4 
4 
3 
30 

2 
2 
3 
14 
4 
6 
8 
B 
8 
3 
2 
3 

\          6 
!         6 
8 

3                 6 
3                 8 

2                 4 
2                 4 
3                 7 
3                 7 
3                 8 
12               42 
6               13 
2                 4 
2                 4 
3                 6 
6               20 
4                   8 
4                  10 
5                 13 
6                 16 
4                 10 
3                 6 
2                 4 
2                 5 
3                 9 
3                 9 
4                10 

Baltimore  A  Ohio  Chicago  Terminal  Railroad  

Chesapeake  A  Ohio  Railway  of  Indiana  ,  ,    ...................    ........    

Chicago  &  Alton  Railroad  

ChipAgn  *  Kant*1™  Illinois  RftillTwd*  .  .  , 

Chicago  A  Erie  Railroad  

Chicago  &  North  Western  Railway  

Chicago,  Burlington  A  Quincy  Railroad  ...              ... 

Chicago  Great  Western  Railroad  

Chicago,  Indiana  A  Southern  Railroad  

Chicago,  Indianapolis  &  Louisville  Railway  

Chicago,  Milwaukee  A  St.  Paul  Railway  .            ,    ... 

Chicago,  Rock  Island  &  Pacific  Railway  

Grand  Trunk  Western  Railway  

Illinois  Central  Railroad  

Lake  Shore  A  Michigan  Southern  Railway  

Michigan  Central  Railroad  

Minneapolis,  St.  Paul  A  Sault  Ste.  Marie  Railway  

New  York,  Chicago  A  St.  Louis  Railroad  

Pere  Marquette  Railroad  

Pittsburgh,  Cincinnati,  Chicago  A  St.  Louis  Railway  

Pittsburgh,  Fort  Wayne  A  Chicago  Railway  

Wabash  Railroad  

TVnb  ' 

704 

12.480 

138 

BO             228 

*  Time-table  of  November  .10.  1013. 
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In  determining  the  amount  of  equipment  neces- 
sary for  this  service,  trains  having  about  10  per 
cent  greater  seating  capacity  than  the  present 
trains  have  been  provided.  The  seating  capacity 
of  the  cars  and  the  make-up  of  trains  to  be  used 
in  this  service  are  set  forth  in  section  213.059. 

The  peak  hours  of  suburban  passenger  service 
lie  between  7:00  A.M.  and  9:00  A.M.  and  between 
5:00  P.M.  and  7:00  P.M.  Approximately  60  per 
cent  of  the  total  suburban  service  is  performed 
during  these  four  hours. 

To  the  number  of  cars  required  to  protect 
schedules,  has  been  added  15  per  cent  to  provide, 
first,  for  inspection  and  repairs,  and  second,  for 
exigencies  such  as  extra  service,  accidents  and 
"bunching"  of  trains.  This  allowance  is  based 
upon  the  following  considerations: 

1.  Each  motor  car  will  be  available  for  service 
24  hours  per  day,  providing  there  are  a  sufficient 
number  of  schedules  to  keep  it  in  constant  service. 

2.  A  motor  car  will  require  one  general  inspec- 
tion for  every  1,200  miles  run.    Each  inspection 
will  require  one  hour. 

3.  A  motor  car  will  require  shopping  for  general 
repairs  for  every  45,000  miles  run.     A  shopping 
will  consume  14  days. 

4.  The  inspection  and  ordinary  repairs  will  con- 
sume about  five  per  cent  of  the  total  time. 

5.  As  a  factor  of  safety  to  meet  exigencies,  10 
per  cent  has  been  added. 

Table  CCCV  indicates  the  number  of  multiple- 
unit  motor  and  trailer  cars  required  for  suburban 
passenger  service  by  the  seven  roads  operating 
this  service. 

213.063  Road  Freight  Service:  Road  freight 
service  is  defined  as  that  service  which  involves 
the  movement  of  freight  cars  between  points  with- 
in and  points  outside  of  the  proposed  limits  of 
electrification.  In  this  service,  there  will  be  a 
change  of  motive  power  at  the  point  which  marks 


the  outer  limits  of  electrification.  There  will  be 
an  assignment  of  electric  locomotives  exclusively 
for  this  service  within  these  limits. 

The  number  of  train-miles  and  the  number  of 
trailing  ton-miles  for  road  freight  service  for  the 
average  day  are  shown  by  the  following: 

Total   number  of  train-miles  per  day  within  the  pro- 
posed limits  of  electrification 5,369 

Average  trailing  load  in  tons  per  locomotive      .      .     .  988 

Average  speed  per  hour  in  miles 9.4 

Average  number  of  trailing  ton-miles  per  day    .     .      .5,668,326 

Assuming  that  the  electric  locomotive  will  be 
available  for  service  20  hours  per  day  and  will 
handle  the  same  trailing  load  at  the  same  average 
speed  as  the  steam  locomotive,  this  service  would 
require  a  total  of  31  electric  locomotives  for  the 
entire  electrified  trackage,  if  the  traffic  flowed 
regularly  throughout  the  24  hours.  Between  the 
hours  of  12:00  midnight  and  4:00  A.M.,  however, 
a  maximum  of  only  23  locomotives  is  required  at 
any  one  time;  between  4:00  A.M.  and  9:00  A.M.  a 
maximum  of  34  locomotives  is  required;  between 
9:00  A.M.  and  6:00  P.M.  the  requirement  drops  to 
23  locomotives  working;  and  between  6:00  P.M. 
and  12:00  midnight  the  requirement  increases  to 
a  maximum  of  33  locomotives  working. 

The  basis  employed  in  determining  the  num- 
ber of  locomotives  required  for  passenger  service 
could  not  be  applied  to  the  determinations  with 
reference  to  the  locomotive  requirements  for  road 
freight  service,  since  very  few  of  the  road  freight 
trains  are  shown  on  the  time-tables.  Therefore, 
in  determining  the  number  of  electric  locomotives 
required  for  this  service,  the  maximum  locomotive- 
hour  for  each  road  for  the  average  day  was  em- 
ployed as  a  basis.  To  the  daily  requirement  was 
added  25  per  cent  to  provide,  first,  for  inspection 
and  repairs,  and  second,  for  exigencies  such  as 
extra  service,  accidents  and  "bunching"  of  trains. 


TABLE  CCCV.     NUMBER  OP  MULTIPLE-UNIT  MOTOR  AND  TRAILER  CARS  REQUIRED  POR  SUBURBAN 

PASSENGER  SERVICE.  BY  ROADS 
(Basis  of  1912) 


Avg.  No. 

Arc.  No. 

Me 

tor  Can 

Tra 

ilcr  Can 

Railroad 

Schedule 
Trains 
Daily 

T-:,,,.- 

Milos 
Daily 

Minimum 
to  Meet 
Schedule* 

Spare. 

Total 

M  inimuiii 

|Q    M,..  1 

Schedules 

Spares 

Total 

1 

2 

3 

4 

6 

6 

7 

8 

• 

Chicago  A  North  Western  Railway  

17"i 

3  338 

138 

21 

159 

77 

1" 

VI 

Chicago  A  Western  Indiana  Railroad  

30 

421 

23 

4 

27 

14 

3 

17 

Chicago,  Burlington  &  Quincy  Railroad  

47 

992 

38 

6 

44 

23 

4 

27 

Chicago,  Rock  Island  &  Pacific  Railway  

78 

1    ''^1 

46 

7 

63 

23 

4 

27 

Illinois  Central  Railroad  

272 

3  949 

18 

136 

58 

g 

67 

Lake  Shore  A  Michigan  Southern  Railway  

36 

'ssi 

28 

5 

33 

14 

3 

17 

Pittsburgh,  Fort  Wayne  &  Chicago  Railway  

23 

527 

15 

3 

18 

2 

Totals  

661 

1  1  ,328 

106 

A4 

47(1 

214 

37 

251 
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This  allowance  is  based  upon  the  following 
considerations: 

1.  It  has  been  assumed  that  the  electric  loco- 
motive will  be  available  for  service  20  hours  per 
day.     During  the  4  hours  that  the  locomotive 
is  out  of  service,  the  daily  inspection  and  light 
repairs  can  be  made  and  such  cleaning  as  is  re- 
quired can  be  done.     This  will  amount  to  1 7  per 
cent  of  the  total  time. 

2.  A  period  of   30  minutes  at   terminals  is 
considered  as  constituting  a  minimum  period  for 
getting  the  locomotive  in  position  to  protect 
another  movement. 

3.  The  electric  locomotive  for  road  freight  ser- 
vice will  require  shopping  for  heavy  repairs  and 
general  overhauling  every  44,000  miles.    This 
shopping  will  require  18  days  and  will  amount  to 
3 .  o  per  cent  of  the  total  time.     On  this  assump- 
tion,  the  electric  locomotive  for  road  freight 
service  will  be  out  of  service  20  per  cent  of  the 
total  time. 

4.  As  a  factor  of  safety   to  cover  exigencies, 
extra  service  and  accidents,  an  allowance  of  5 
per  cent  has  been  added. 

On  this  basis,  the  number  of  electric  locomo- 
tives required  to  handle  the  road  freight  service 
for  the  19  roads  operating  this  service  has  been 
determined  as  shown  by  table  CCCVI. 

213.064  Yard  and  Transfer  Service :  This  part 
of  the  transportation  service  is  considered  under 
two  headings : 

1.  Yard  service. 

2.  Freight  and  passenger  transfer  service. 

Yard  Service 

Yard  service  involves  the  moving  of  cars  from 
one  location  to  another  in  yards,  the  placing  of 
cars  on,  and  their  removal  from,  industrial  tracks, 


team  tracks  and  freight  house  tracks,  and  the 
assembling  of  cars  in  trains  for  movement  to 
their  destinations. 

Locomotives  engaged  in  yard  service  constitute 
about  84  per  cent  of  the  total  number  of  locomo- 
tives engaged  in  yard  and  transfer. service. 

Yard  service  is  extremely  varied  and  irregular, 
its  extent  being  dependent  upon  the  demands  or 
necessities  of  the  industries,  team  tracks  and 
freight  houses  served.  A  movement  to  place  or 
to  remove  a  single  car  may  require  the  time  of 
a  yard  locomotive  and  its  crew  for  .several  hours. 

The  amount  of  yard  service,  expressed  in  loco- 
motive-hours and  trailing  ton-miles,  handled  by 
the  30  roads  having  this  service,  and  the  total  for 
the  terminals  are  shown  by  table  CCCVI  I. 

The  average  daily  activities  of  locomotives  in 
yard  service  are  shown  by  the  following: 


Average  number  of  locomotives  working     . 

Number  of  locomotive-hours 

Average  number  of  hours  working  per  locomotive 
Average  trailing  load  per  locomotive  in  tons  . 
Average  speed  in  miles  per  hour 


519 
7,625 
14-7 
306 

3  24 

Number  of  locomotive-miles 24,782 

Number  of  trailing  ton-miles 7,560,200 

Yard  switching  is  performed  in  152  yards  or 
switching  districts.  In  26  yards  or  districts  the 
maximum  hour  requirements  exceed  five  locomo- 
tives, and  in  5 1  yards  the  maximum  hour  require- 
ments vary  from  two  to  five  locomotives.  In  75 
yards,  only  one  locomotive  is  required,  and  in  40 
of  these  the  requirements  during  any  one  hour  of 
the  day  are  less  than  one  locomotive-hour.  The 
total  number  of  locomotives  working  in  yard  ser- 


TABLE  CCCVI.     NUMBER  OF  ELECTRIC  LOCOMOTIVES  REQUIRED  FOR  ROAD  FREIGHT  SERVICE.  BY  ROADS 

(Basis  of  1912) 


Loco. 

Loco. 

T  railing 

LocomoU\ 

»• 
i 

Railroad 

Mileage 
Average 
Day 

Service 

A-.  .  I--.*,' 
Day 

Ton-Haii 

AMT  if 

Day 

Minimum  No. 
Required  in 
Service 
Avenge  Day 

Spares 

Total 

1 

-' 

:i 

4 

5 

8 

1 

Atchison,  Topeka  &  Santa  Fe  Railway  

159 

11 

142903 

j 

252 

32 

305489 

4 

80 

g 

104  474 

2 

65 

12 

i-i   >-  ' 

2 

807 

102 

i,  :  1  x  '  ( 

12 

241 

24 

*<.   ••.', 

5 

28 

3 

.,,  , 

1 

71 

3 

50910 

1 

Chicago,  Milwaukee  A  St.  Paul  Railway 

437 

45 

511  132 

g 

Chicago,  Rock  Island  &  Pacific  Railway  

60 

8 

33,893 

j 

Grand"  Trunk  Western  Railway  

210 

13 

190,958 

2 

356 

49 

712318 

7 

Lake  Shnr*  A  Michigan  Southern  Railway  

697 

39 

884.185 

7 

69 

5 

83  725 

2 

New  7ork,  Chicago  <k  St.  Louis  Railroad  

232 

19 

172  472 

3 

41 

6 

29318 

1 

Pittsburgh,  Cincinnati,  Chicago  &  St.  Louis  Railway  

655 

-,:, 

501  041 

6 

7 

..s'i 

71 

M  1   1  If. 

7 

Wabashllailroad.  .  ."  ~.  .".  

340 

II 

328.950 

5 

« 

Totals  

S.369 

-.1- 

5.W8.320 

80 

20 

100 

896 
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TABLE  CCCVII.    YARD  SERVICE  ON  TRACKS  TO    BE    ELECTRI- 
FIED, FOR  THE  AVERAGE  DAY.  BY  ROADS 
(Basis  of  1912) 


Railroad 

Ixxx>motive- 
Hoiirs 

Tnilins 
Ton-Miles 

142 

140,400 

92 

91.200 

Baltimore  4  Ohio  Chicago  Terminal  R.  R.  .  .  . 
Calumet,  Hammond  &  Southeastern  R.  R  .  .  .  . 

233 
30 
161 

230.900 
19.700 
159,600 

33 

..'  tOO 

62 

81,800 

1,340 

1,328,800 

315 

312,000 

Chicago  A  Western  Indiana  11.  R.  and  the  Belt 

398 

394.200 

92 

01.400 

14 

13.700 

672 

666.000 

872 

864,200 

311 

308,700 

Chicago]  West  Pullman  A  Southern  R.  R  .  .  .  . 

108 
486 

107.000 
482.000 

58 

-.7.  ..LI 

Illinois  Central  R   R       

342 

339,000 

45 

i  .  100 

Indiana  Harbor  Belt  R.  R  

M 

324 

321,600 

204 

202.000 

Minneapolis,  St.  Paul  A  Sault  Ste.  Marie  Ry 

20 
113 

19  too 

112.400 

79 

7X.400 

Pittsburgh,  Cincinnati.  Chicago  A  St.  Louis  Ry. 

366 
456 

362.500 
453,000 

38 

38,000 

Wabash  R.  R  

193 

191.400 

Totals  

:...'-. 

7.MOJOO 

vice  in  the  152  yards  varies  during  the  different 
periods  of  the  day.  From  7:00  A.M.  to  6:00  P.M. 
the  number  working  at  one  time  varies  from  350  to 
410,  and  from  6:00  P.M.  to  7  :oo  A.M.  from  210  to  290. 
The  extent  of  service  performed  and  the  number 
of  yards  served  are  set  forth  by  roads  in  table 
CCCVIII. 


Some  of  the  larger  classification  yards  within 
the  Area  of  Investigation,  such  as  the  Proviso 
Yard  of  the  Chicago  &  North  Western  Railway, 
the  Burr  Oak  Yard  of  the  Chicago,  Rock  Island 
&  Pacific  Railway,  the  Dolton  Yard  of  the  Chicago 
&  Eastern  Illinois  Railroad,  and  the  Glenn  Yard 
of  the  Chicago  &  Alton  Railroad,  are  located 
beyond  the  proposed  limits  of  electrification,  and 
will  continue  to  be  operated  by  steam  locomotives. 

Freight  and  Passenger  Transfer  Service 
Transfer  service  involves  the  movement  of  cars 
from  one  railroad  to  another,  and  from  one  yard 
to  another  on  the  same  railroad  when  the  yards 
are  not  contiguous.  Transfer  service  generally  in- 
volves the  movement  of  cars  in  trains,  with  less 
frequent  stops  and  consequently  with  a  higher 
degree  of  locomotive  efficiency  than  is  the  case 
in  yard  service. 

At  present  there  are  no  locomotives  set  aside 
for  transfer  service  exclusively.  Some  roads  per- 
form transfer  work  with  the  regular  yard  loco- 
motive, while  others,  where  conditions  are  favor- 
able, use  a  heavier  type  of  locomotive.  The 
general  method  followed  is  to  assemble  the  trans- 
fer train  with  the  yard  locomotive  and  deliver  it 
to  the  transfer  locomotive  for  movement  to  its 


TABLE  CCCVIII. 


EXTENT  AND  DISTRIBUTION  OP  YARD  SERVICE.  BY  ROADS 
(Bui*  of  ion) 


Railroad 

Locomotive- 
Hours  of 

Service. 
Average  Day 

No.  of  Yards 
Reported  with- 
in Limit*  of 
Electrification 

No.  of  Yards  in  which  the 
Maximum  Time  of  Service 
for  the  Avg.  Day  is 

One 
Hour 
and 
Lees 

Over  One 
Hour  and 

1  .  .«  thru, 

6  Hours 

6  Hours 
and 
Over 

1 

2 

3 

4 

5 

6 

143 
92 
233 
80 
161 
33 
63 
1.340 
398 
315 
92 
14 
672 
871 
311 
108 
486 
58 
342 
45 
26 
324 
204 
20 
113 
79 
366 
456 
38 
193 

2 

1 
2 

1 

1 

17 

16 
1 

1 

12 

2 
2 

I 

4 
2 
1 
32 

4 
1 

2 

9 
1 

4 

ii 
0 
0 
0 

1 

0 

1 
9 
3 
11 
0 
1 
2 
6 
2 
1 
0 
0 
0 
1 
0 
26 

j 

4 
0 

1 

0 

1 

2 
5 
3 
3 
0 
0 

3 

1 

0 

0 
0 

1 

1 

0 

4 

I 

0 
0 

i 

1 

0 

0 
2 

0 
0 

Baltimore  &  Ohio  Railroad  

Chicago  &  Eastern  Illinois  Railroad  y  ,  

Chicago  A  Western  Indiana  Railroad  and  the  Belt  Railway  of  Chicago              ...       .... 

Chicago,  Rock  Island  A  Paci6c  Railway  s  

Chicago  West  Pullman  &  Southern  Railroad 

Grand  Trunk  Western  Railway    

Michigan  Central  Railroad  

Minneapolis,  St.  Paul  A  Sault  St«.  Marie  Railway  

Now  Ynrk,  Thicftgn  A  "t    I.oiiiil  H^ilrmvr)                 

Pere  Marquette  Railroad  

Pittsburgh,  Cincinnati,  Chicago  A  St.  Ixmis  Railway  

Pittsburgh,  Fort  Wayne  &  Chicago  Railway  

Pullman  Railroad  

Wahash  Railroad  

Totals  

7.625 

152 

78 

51 

28 

ESTIMATED  COST  OF  COMPLETE  ELECTRIFICATION 


897 


destination.  Upon  arriving  at  its  destination, 
the  transfer  locomotive  is  either  given  another 
train  for  movement  to  some  other  point  or  is 
assigned  to  yard  service.  The  two  services  are 
so  closely  related  as  to  make  it  undesirable  to 
consider  them  as  separate  factors  in  apportioning 
locomotives.  The  volume  of  transfer  service,  by 
roads,  for  the  average  day  in  1912  is  shown  by 
table  CCCIX. 

The  average  daily  activities  of  locomotives  in 
freight  transfer  service  are  shown  by  the  following : 

Average  number  of  locomotives  working     ....  113 

Number  of  locomotive-hours 1,617 

Average  number  of  working  hours  per  locomotive       .  14.3 

Average  trailing  load  per  locomotive,  in  tons   ...  811 

Average  speed  in  miles  per  hour 5.7 

Number  of  locomotive-miles 8,838 

Number  of  trailing  ton-miles 7,502,341 

The  electric  locomotive  selected  as  a  basis  for 
the  Committee's  estimates  is  capable  of  accelerat- 
ing its  load  in  a  degree  not  possessed  by  the  steam 
locomotives  now  in  service.  It  will  start  more 
quickly  and  attain  its  maximum  speed  in  a  shorter 
space  of  time.  It  has  been  suggested  that  this 
fact  will  make  it  possible  for  a  given  switching 
service  to  be  performed  by  a  smaller  number  of 
electric  locomotives  than  of  steam  locomotives, 
but  a  study  of  the  traffic  flow  and  traffic  density 
in  the  Chicago  terminals  shows  that  this  basis  of 
comparison  is  not  generally  applicable.  In  yards 
where  the  density  of  traffic  is  such  as  to  require 
a  considerable  number  of  units,  and  where  the 


flow  of  the  traffic  is  sufficiently  uniform  to  supply 
the  required  amount  of  work  for  the  electric  loco- 
motive, the  superior  accelerating  ability  of  electric 
locomotives  will  make  it  possible  to  reduce  the 
total  number  of  units  employed.  The  number  of 
yards  in  which  such  conditions  exist,  however,  is 
small.  In  many  yards  the  traffic  is  neither  dense 
nor  uniform,  and  the  full  time  of  the  steam  loco- 
motives is  not  now  being  utilized.  Under  such 
conditions,  the  superiority  of  the  electric  locomo- 
tive does  not  become  effective  in  permitting  a 
reduction  in  the  number  of  units  required  to  handle 
the  traffic. 

The  exact  amount  of  time  which  can  be  gained 
by  the  use  of  electric  locomotives  under  conditions 
of  dense  and  uniform  traffic  in  yards  is,  under 
present  conditions,  indeterminate,  and  the  Com- 
mittee does  not  attempt  to  make  assumptions 
based  upon  operating  conditions  other  than  those 
which  exist  at  present.  There  exists  no  example 
of  electrically  operated  yard  service  directly  com- 
parable with  that  of  the  large  yards  of  Chicago. 
In  the  absence  of  definite  data,  a  careful  study 
has  been  made  of  traffic  conditions  in  Chicago 
and  of  the  possibilities  of  saving  time  by  the  sub- 
stitution of  the  electric  locomotive  for  the  steam 
locomotive,  which  has  led  to  the  conclusion  that 
the  greater  accelerating  capabilities  of  the  electric 
locomotive  cannot  be  regarded  as  a  factor  of 
significance  in  determining  the  number  of  units 
required  in  yard  service  in  the  Chicago  terminals. 


TABLE  CCCIX.     FREIGHT  TRANSFER  SERVICE  ON'  TRACKS  TO  BE  ELECTRIFIED.  FOR  THE  AVERAGE  DAY.  BY  ROADS 

(Basis  of  1912) 


Railroad 

Locomotive- 
Miles 

Locomotive-Hours 
of  Service 

Trailing 
TOD-  Miles 

1 

2 

3 

4 

136 

41,010 

232 

34 

199,031 

398 

91 

416.488 

42 

5 

37.148 

206 

37 

182 

44 

251.904 

1.132 

162 

942.857 

1,403 

£ 

2  135,422 

664 

117 

368.145 

39 

6 

10.397 

at 

10 

129.176 

Chicago,  Milwaukee  A  St  Paul  Railway           .                           

7f 

217 

588.4O1 

646 

108 

329.227 

17 

5 

6.212 

M 

6 

123,492 

70 

11 

32.859 

342 

H 

325.982 

30 

14 

18,667 

131 

21 

134.967 

397 

72 

180.427 

13 

>3 

2.209 

392 

48 

254.616 

85 

18 

58.004 

220 

66 

133.187 

106 

15 

81.995 

525 

78 

256.942 

371 

M) 

258.226 

Wabash  "Railroad.  .  .'.  '.  

106 

31 

118.619 

Totals  

MM 

1417 

7.  .102.341 

29 
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In  determining  the  total  number  of  electric 
locomotives  required  to  perform  the  yard  and 
transfer  service  of  the  Chicago  terminals,  it  has 
been  assumed  that  the  traffic  will  have  the  same 
flow  and  that  it  will  be  handled  in  the  same 
average  loads  and  at  the  same  average  rate  of 
speed  as  the  present  steam  service. 

The  experience  of  roads  using  electric  locomo- 
tives in  yard  and  transfer  service  indicates  that 
this  type  of  locomotive  is  capable  of  20  hours 
of  service  as  a  maximum  daily  average  between 
general  repair  periods. 

Upon  this  basis,  a  locomotive-hour  curve  has 
been  plotted  for  each  road,  and  the  number  of 
electric  locomotives  required  to  handle  the  yard 
and  transfer  service  of  the  road  in  question  has 
been  determined.  One  of  these  diagrams  is  pre- 
sented as  fig.  648. 

The  maximum  time  an  electric  locomotive  is 
available  for  work  in  yard  service  during  any 
24-hour  period  has  been  fixed  at  20  hours.  Oper- 
ation is  assumed  to  begin  at  midnight,  with  a 
certain  number  of  locomotives,  and  each  hour 
thereafter  additional  locomotives  are  placed  in 
service  or  removed  from  service  as  the  flow  of 
traffic  or  the  physical  limitations  of  the  locomotive 
may  require. 

According  to  the  reports  furnished  by  the  rail- 
roads, the  number  of  hours  of  service  obtained 
from  each  steam  locomotive  in  yard  and  trans- 
fer service  for  the  average  day  shows  great 
variation  for  different  roads,  ranging  from  11.3 
hours  as  a  minimum  to  20.7  hours  as  a  maximum, 
the  average  for  all  roads  being  14.5  hours  per 
locomotive  per  day.  The  peak  period  of  service 
lies  between  8:00  A.M.  and  4:00  P.M.  During 
each  hour  of  this  period  500  to  520  locomotives 
are  working  within  the  proposed  limits  of  electri- 
fication, excepting  between  12:00  noon  and  2:00 
P.M.,  during  which  period  the  number  decreases 
to  485. 

The  irregular  flow  of  traffic  and  the  varying 
service  requirements  at  different  periods  of  the 
day  for  individual  roads  prevent  the  full  utiliza- 
tion of  the  available  service  time  of  the  locomotive. 
The  reports  for  the  Chicago  terminals  indicate 
that  each  steam  locomotive  in  service  in  1912 
worked,  on  the  average,  14.5  hours  per  day.  If  it 
is  assumed  that  16  hours  per  day  constitutes  the 
maximum  available  time  of  a  steam  locomotive 


between  general  shopping  periods,  the  average 
time  worked  by  steam  locomotives  in  1912  was 
nearly  91  per  cent  of  the  available  time.  Under 
electric  traction  the  electric  locomotive  will  work, 
on  the  average,  16.5  hours  per  day,  or  83  per  cent 
of  its  available  time.  The  loss  in  percentage  of 
available  time  utilized  is  due  to  an  increase  of 
four  hours,  or  25  per  cent,  in  the  available  service 
time.  Inability  to  utilize  all  of  this  increase  is 
due  to  the  flow  of  traffic  and  to  the  service  require- 
ments. The  reduction  in  the  number  of  loco- 
motives required  to  perform  the  same  volume 
of  service  is  not  the  result  of  a  reduction  in 
the  number  of  locomotive-hours,  but  is  due 
to  an  increase  in  the  number  of  hours  per  loco- 
motive. 

To  the  average  daily  locomotive  requirement 
has  been  added  20  per  cent  to  protect,  first, 
ordinary  inspection,  cleaning  and  repairs,  and 
second,  exigencies,  such  as  extra  service  and  acci- 
dents. This  allowance  is  based  upon  the  follow- 
ing considerations: 

1.  A   general   inspection    requiring  about    12 
hours  will  be  necessary  every  10  days. 

2.  Each  electric  locomotive  will  require,  for 
every  15  months  of  service,  one  shopping  for 
general  repairs,  which  will  consume  18  days. 

3.  General   inspection   and   general   shopping 
will  consume  about  9  per  cent  of  the  total  time 
of  the  locomotive. 

4.  Eleven  per  cent  is  thought  to  be  a  reasonable 
amount  to  add  to  the  average  daily  requirement 
for  each  road  as  a  factor  of  safety  to  provide  for 
possible  extra  service  and  accidents. 

On  this  basis,  the  total  number  of  electric  loco- 
motives required  to  handle  yard  and  transfer 
service  for  the  roads  operating  such  service,  has 
been  determined  as  shown  by  table  CCCX. 

213.065  Summary  of  the  Number  of  Electric 
Locomotives  and  Multiple-Unit  Cars  Required  to 
Operate  the  Chicago  Terminals:       The  number 
of   electric   locomotives    and    multiple-unit    cars 
required  to  operate  the  terminals  of  Chicago,  as 
they  existed  in  1912,  is  shown  by  table  CCCX  I. 

213.066  Work  and  Inspection  Equipment:    In 
preparing  estimates  of  the  cost  of  work  and  in- 
spection equipment,  the  Committee  has  assumed 
that  the  work  equipment   now  used   for  steam 
service  may,  under  electrification,  continue  to  be 
used  for  a  similar  purpose  and  in  the  same  general 
manner  as  at  present,  and  that  steam  locomotives 
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TABLE   CCCX.     NUMBER  OF   ELECTRIC   LOCOMOTIVES   REQUIRED  FOR  YARD  AND  TRANSFER  SERVICE.  BY  ROADS 

(Bau<  of  1912) 


Railroad 

Loco.- 
Itanol 

BarriM 

\\.  r:iK. 

D»y 

Av«. 

II..  Hi 

Worked 

l.,,h    bj 
I  Mb 

1  lei  in. 

l-oromotivw  RMuirad 

Minimun 
No. 

1!.  .pl:l..| 

in  Service, 
Avg.  Dmy 

~|.:,r.  . 

ToUl 

1 

2 

3 

1 

6 

6 

|..'.i 
126 
324 
30 
6 
•      204 
33 
100 

10.9 
15  7 
18.0 
15.0 
25 
13.6 
16.5 
15.1 

18:4 
17  2 
17.9 
14  0 

110 
17  7 
17.5 

i«:i 
ie!i 

17.0 
14  2 
14  3 

78 

17   '.) 
17  II 
9.5 

1:1  7 
r,  7 

10  4 
10  7 
95 

10 

18 
2 
2 
15 

7 

• 
37 
25 

"3 

m 

63 

2 

"7 

29 
28 

23 
15 

14 
6 

27 
33 

4 
M 

2 

4 
1 

1 

1 
1 
1 
16 

5 
1 

'  i 

7 
12 

"5 

1 

"i 

ii 
i 
a 

i 

5 
3 

1 

1 
5 

i 

12 
10 
22 
3 

18 
8 
8 
2 

99 
44 

.." 

"i 

45 

75 

'33 
3 

"s 

35 
6 
34 

28 
U 
5 

17 

M 
17 

1.&28 

,.    . 

447 

98 

33 
672 
1,106 

Chicago   Book  Island  A  Piinfic-  Railway 

428 

113 
492 

71 
401 
• 
47 
411 

38 

m 

94 
444 

Minni'Hpnlis,  St.  Paul  A  Sauli  Sir.  Marie  Railway     . 

Ni-w  York.  (  'hi>-:iKi>  A  Si.  Limit  Railroad  ,  

Watmsti  Ituilnnul  

Total*  

10.5 

in,         i.-.- 

*  Did  not  report.     The  number  of  locomotives  required  has  been  ettimated.     t  Included  in  the  estimate*  for  the  Lake  Shore  ft  Michigan  Southern  Railway. 
J  Included  in  the  estimate!  for  the  Chicago  Junction  Railway.     *,  Included  in  the  estimates  for  the  Chicago  ft  Western  Indiana  Railroad. 


TABLE  CCCXI.     SUMMARY.   BY  ROADS.  OP   THE   NUMBER  OF   BLECTRIC   LOCOMOTIVES  AND  MULTIPLE-UNIT  CARS 

REQUIRED  TO  OPERATE  THE  CHICAGO  TERMINALS 
(Basis  of  mi  j) 


Railroad* 

Yard 

'  : 

otives 

: 
«« 

Total 

Mult 

M..t,,r 

Cars 

....      1     Ml 

Trailir 
Cars 

Cars 
Total 

1 

12 
10 
22 

I 

0 

• 

22 

21 
26 

Calumet,  Hammond  A  Smithi-rt-Hti-rn  Railroad  

1 

I 

28 

Chicago  &  Alton  Railroad  

Chicago  &  Calumet  River  Railroad  . 

99 
44 

1 
It 

6 
42 

18 

i:.'. 
44 
49 
14 

4 

Chicago  &  Erie  Railroad  

Chicago  &  North  W  estcrn  Railway    

159 
27 
44 

17 
27 

41 
71 

Chicago  &  Western  Indiana  Railroad  and  the  Belt  Railway  of  Chicago    .... 

6 

l.t 

! 

4 

Chicago  Great  Western  Railroad  

45 

75 
33 

2 

10 
2 

6 

20 
8 

12 
45 
105 

1 

Chicago  Junction  Railway  

Chicago,  Milwaukee  &  St.  Paul  Railway  

Chicago  Rock  Island  &  Pacific  Railway  

53 

27 

80 

Chicago  Union  Transfer  Railway*  

Chicago,  West  Pullman  A  Southern  Railroad  

g 

8 

Elgin,  Joliet  <fe  Eastern  Railway  

35 

34 

7 

28 
18 
0 

H 

18 
55 

51 
31 
11 
25 
14 
48 
57 
5 

Grand  Trunk  Western  Railway  

2 
8 

10 
13 

Illinois  Central  Railroad  

136 

67 

203 

Illinois  Northern  Railway  

Indiana  Harbor  Belt  Railroad  

Lake  Shore  &  Michigan  Southern  Railway  

8 
3 

IS 
10 
6 

4 
5 
9 
9 

33 

17 

50 

Michigan  Central  Railroad  

Minneapolis,  St.  Paul  &  Sault  Ste.  Marie  Railway  

New  York,  Chicago,  &  St.  Louis  Railroad  

17 

32 

40 
5 

4 
2 
7 
8 

Pere  Marquette  Railroad  

Pittsburgh,  Cincinnati,  Chicago  &  St.  Louis  Railway 

Pittsburgh,  Fort  Wayne  &  Chicago  Railway  

18 

7 

25 

Pullman  Railroad  

Wabash  Railroad  

17 

6 

10 

33 

Totals  

,,vs 

100 

228 

I.Olfi 

470 

251 

721 

'Included  with  the  yard  locomotives  estimated  for  the  Chicago  &  Western  Indiana  Railroad. 
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are  to  be  used  to  handle  steam  operated  wrecking 
equipment.  It  is  also  assumed  that  some  of  the 
additional  work  equipment  to  be  provided  under 
electrification  is  to  be  hauled  over  the  road  by 
steam  locomotives. 

Line  Inspection  Cars 

For  the  two  overhead  contact  systems,  it  will 
be  necessary  to  provide  small  gasoline  inspection 
cars  which  can  be  used  by  electrical  inspectors 
who  will  systematically  cover  the  lines,  and  by  re- 
pair men  who  will  be  required  to  reach  quickly  any 
point  where  defects  have  developed.  These  cars 
are  arranged  to  carry,  in  addition  to  several  men, 
light  tool  equipment  including  ladders,  blocks, 
tackle  and  a  limited  amount  of  repair  parts  and 
fittings  for  the  overhead  construction.  One  car  is 
to  be  provided  for  each  10  miles  of  route  and  an 
additional  car  for  each  large  yard.  A  shelter  is 
to  be  provided  for  each  car.  These  will  be  placed 
at  intervals  of  about  ten  miles  along  the  railroad 
routes,  usually  at  points  coinciding  with  the 
locations  of  substations  or  switching  stations. 
These  shelters  will  also  accommodate  the  tools 
and  supplies. 

Repair  Trains 

For  repairs  to  the  overhead  contact  system, 
both  for  the  2,4oo-volt  direct  current  and  the 
1 1, ooo- volt  alternating  current  systems,  repair 
trains  will  be  required.  These  trains  will  each 
consist  of  three  cars,  a  box  car,  a  flat  car  and  a 
cabin  car,  and  will  be  handled  by  a  steam  loco- 
motive. Old  cars  may  be  used  for  this  purpose. 
The  box  car  is  to  be  equipped  with  a  work  bench 
and  with  bins  for  material  and  tools  and  is  to 
have  a  stationary  platform  on  top  extending  the 
full  width  of  the  car.  The  flat  car  is  to  be 
equipped  as  a  tower  car  having  a  platform  ad- 
justable as  to  height.  On  this  car  there  will  also 
be  racks  for  reels  of  wire.  The  third  or  cabin  car 
is  to  have  a  dummy  pantograph  on  top  for  gaging 
the  height  of  the  contact  wire  and  is  to  be  arranged 
to  serve  as  quarters  for  the  train  and  emergency 
crews.  One  repair  train  is  to  be  provided  for  each 
200  miles  of  track.  When  not  in  active  use,  each 
repair  train  will  stand  on  a  siding  conveniently 
central  to  the  district  assigned  to  the  train,  where 
it  will  at  all  times  be  ready  for  immediate  service. 

The  amount  of  work  equipment  required  in 


connection  with  electric  operation  of  the  railroad 
terminals  of  Chicago,  in  addition  to  that  now  in 
use  for  steam  operation,  based  upon  conditions 
which  obtained  on  December  31,  1912,  is  shown 
by  table  CCCXII. 

TABLE   CCCXII.     WORK  EQUIPMENT  REQUIRED  FOR  ELECTRIC 

OPERATION  OP  THE  CHICAGO  TERMINALS 

(Basis  <>(  1913) 


l.iiu-mspeclio 
K'-pitir  trnmft 

Equipment 

2,40G-V»lt 

D    ' 

11,  000-  Volt 
A.  C. 

78 

17 

17 

213.067  Unit  Costs:  To  obtain  the  costs  of 
the  electric  equipment  described  in  the  preceding 
sections,  quotations  obtained  from  manufacturers 
have  been  reviewed  by  the  Committee's  consulting 
electrical  engineers  in  the  light  of  contract  prices 
for  similar  equipment  purchased  in  the  past  or 
now  under  contract.  The  results  thus  obtained, 
including  cost  of  delivery  in  Chicago,  are  presented 
by  table  CCCXIII. 

TABLE   CCCXIII.     UNIT   PRICES   FOR   ELECTRIC   EQUIPMENT 

DELIVERED  IN  CHICAGO 

(Basis  of  1912) 


Item 

2,400-Volt 
D.  C. 

11,000-VoU 
A.  C. 

$30,000 

S   I!  IIKI 

42,000    ' 

50,000 

59,500 

67.500 

20,200 

20,100 

10,  IIHI 

10400 

Line  inspection  cars  including  tool  equipment 

475 

475 

Repair  trains,  excluding  locomotive  .  .  . 

.-,,(«»] 

5.000 

213.068  Estimated  Costs  of  Electric  Equipment 
on  the  Basis  of  the  Traffic  Requirements  of  1912, 
Excluding  all  Allowances  for  Contingencies  and 
for  Engineering :  The  costs  of  electric  locomotives, 
multiple-unit  equipment  and  work  and  inspection 
equipment,  necessary  to  operate  the  terminals  of 
Chicago  on  the  basis  of  the  requirements  reported 
for  1912,  excluding  all  allowances  for  contingencies 
and  for  engineering,  have  been  determined  as  set 
forth  by  tables  CCCXIV  and  CCCXV. 

TABLE   CCCXIV.     ESTIMATED    COSTS    OF    ELECTRIC   LOCOMO- 
TIVES   AND     MULTIPLE-UNIT    CARS     REQUIRED     FOR     THE 
ELECTRIC  OPERATION  OF  THE  CHICAGO  TERMINALS 
(Basis  of  I9IJ) 


Item 

Number 

2.400-Volt 
D.  C. 

11.000-Volt 
A.C. 

1 

2 

3 

(20.640.000 

4.200.000 
13,5«6,OOO 
9.494.000 
2.610.4OO 

4 

(22.704.000 
5.000.OOO 
15.390.000 
9.447.000 
2.010.4OO 

(55.151.400 

088 

100 

_'-'S 

470 

L'.'il 

Tot  ,'- 

<-..,  UK  ion 

In  distributing  the  costs  of  rolling  equipment 
among  the  roads  involved,  the  cost  of  the  line 
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TABLE  CCCXV.     ESTIMATED  COSTS  OP  WORK  AND  INSPECTION 

EQUIPMENT  REQUIRED  FOR  THE  ELECTRIC  OPERATION  OF 

THE  CHICAGO  TERMINALS,  BOTH  THE  3.40O-VOLT  D.  C. 

AND    THE    H.OOO-VOLT   A.    C.   SYSTEMS 

(Basis  of  igl>) 


Item 

Quantity 

Unit 

C<Mt 

Amount 

1 

2 

» 

4 

73 

$    475 

t  .il.'.T.-. 

Repair  train*  

17 

5,000 

SS.OQO 

Totato  

$119.675 

inspection  cars  required  for  main  track  has  been 
distributed  on  the  basis  of  route  mileage  and  the 
cost  of  those  required  for  large  yards  has  been 
distributed  according  to  the  ownership  of  the 
yards  involved.  The  cost  of  repair  trains  has 
been  distributed  on  the  basis  of  track  mileage. 
The  cost  of  work  equipment  assigned  to  privately 
owned  industrial  tracks  has  been  included  with 
the  costs  shown  for  the  road  to  which  such  tracks 
are  adjacent.  The  estimated  costs  of  all  rolling 
equipment,  by  roads,  excluding  all  allowances  for 
contingencies  and  for  engineering,  are  set  forth  in 
table  CCCXVI. 


TABLE  CCCXVI.     ESTIMATED  COSTS  OF  ALL  ELECTRIC  ROLLING 

EQUIPMENT.  INCLUDING  LOCOMOTIVES.  MOTOR  AND  TRAILER 

CARS.  AND  WORK  AND  INSPECTION  EQUIPMENT,  BY  ROADS 

(Ban*  of  1012) 


Railroad 

2.400-Volt 
D.  C. 

11.  000-  Volt 
A.C. 

I 

S 

3 

Atchison,  Topcka  A  Santa  Fe  Ry 

6      888.229 

m  MI 

90.146 

328.004 
1,084.43.1 
90,520 
783.122 

417.975 
10.254.421 

2,052.410 
3,101,104 

562.509 

i  H  ai 

161,  Of 

1,355,945 

3.869,609 
310 
2.906.264 
90.131 

369 
240.442 
1,053,408 
861,564 

5,585.515 

210,684 
211,052 
2,917,857 

1,263.707 
A07,000 
918,092 
591,740 

1,794,724 
2,518.049 
1.51,438 
1.359.692 

6   1.004.229 
987.251 
1.000.529 
99.140 

MjDOi 

1.218.435 

.,.,-..-,, 

887.122 

471.975 
10,991.521 

2.181.710 
3,338.704 

634.509 

m  -• 
•..:  m 

1,490,945 

4.334.6O9 
310 
3.079.964 
99,131 

M 

264.442 
1,158,408 
975.564 

5.841.915 

231,684 
232.052 
3.182,557 

.     1,421.707 
570.000 
1,033,092 
668,740 

2.018,724 
2,770,249 
166,438 
1.538.692 

Baltimore  A  Ohio  R.  R      

Baltimore  A  Ohio  Chicago  Terminal  R.  R  
Calumet,  Hammond  A  Southeastern  R.  R  .  .  .  . 

Chicago  A  Alton  R  R* 

Chicago  &  Calumet  River  R   R  

Chicago  A  Eastern  Illinois  R   R 

Chicago  A  Erie  R.  R. 

Chicago  &  North  Western  Ry   

Chicago  A  Western  Indiana  R.R.  and  the  Belt 
Ry.  of  Chicago  

Chicago  Great  Western  R.  R 

Chicago,  Indiana  <fc  Southern  K.  R  

Chicago  Junction  Ry  ."  

Chicago,  Milwaukee  A  St.  Paul  Ry  

Chicago  River  A  Indiana  R.  R  

Chicago,  Rock  Island  A  Pacific  Ry  

Chicago  Short  Line  Ry  

Chicago  Union  Transfer  Ry  

Chicane,  West  Pullman  &  Southern  R.  R  
Elgin,  Joliet  &  Eastern  Ry  

Grand  Trunk  Western  Ry  

Illinois  Central  R.  R  

Illinois  Northern  Ry  

Indiana  Harbor  Belt  R.  R  

Lake  Shore  &  Michigan  Southern  Hy 

Michigan  Central  R.R  

Minneapolis,  St.  Paul  A  Sault  Ste.  Marie  Ry 
New  York,  Chicago  A  St.  Louis  R  R  .  . 

Pere  Marquette  R.  R  

Pittsburgh,  Cincinnati,  Chicago  &  St.  Louis  Ry 
Pittsburgh,  Fort  Wayne  A  Chicago  Ry  
Pullman  Railroad  

Wabash  Railroad  

Totals  

$50.630.075 

$55.271.076 

213.069  Estimated    Total    Cost    of    Electric 
Rolling  Equipment:     The  estimated  total  cost  of 
electric  equipment,  including  locomotives,  mul- 
tiple-unit cars,  trailer  cars  for  the  multiple-unit 
service,  and  the  work  and  inspection  equipment, 
which  will  be  needed  for  the  electric  operation  of 
the  Chicago  railroad  terminals,  is  based  upon  the 
values  set  forth  in  the  preceding  estimates  as 
determined  for  the  conditions  of  1912,  extended  in 
a  manner  normal  to  these  estimates  (chapter  212), 
the  factors  of  extension   in   this  case  being  as 
follows: 

PER  CENT 

1.  To  cover  growth  in  traffic  and   mileage  of  rail- 
roads, December  31,  1912,  to  December  31,  1912     .        30.0 

2.  Contingencies lo.o 

3.  Engineering,  design,  supervision  and  administration  .  5.0 

4.  Interest,  insurance  and  taxes  during  construction, 
at  1 . 75  per  cent  per  anrium  for  6  years,  December 

31, 1916,  to  December  31,  1922 10.5 

The  values  thus  derived  may  be  accepted  as 
the  total  costs  of  electric  rolling  equipment  on 
the  basis  of  the  requirements  for  1922.  These 
costs  segregated  by  roads  for  both  the  2,4oo-volt 
direct  current  and  the  1 1,000- volt  alternating 
current  systems  are  set  forth  in  table  CCCXVII. 

SPARE  PARTS 

213.070  General  Considerations:     The   esti- 
mated cost  of  the  power  station  (section  213.005) 
includes  the  cost  of  a  spare  generating  unit,  several 
boilers,  a  set  of  step-up  transformers  and  auxil- 
iaries, providing  a  reserve  of  such  size  that  the 
failure  of  any  part  while  in  service,  necessitating 
its  withdrawal  for  repairs  or  inspection,  will  not 
reduce  the  available  capacity  of  the  plant  below 
the  point  of  maximum  peak  load. 

The  estimates  of  cost  of  substations  (section 
213.016)  provide  for  a  sufficient  number  of  spare 
transformers  and  rotary  converters  at  each  location 
to  supply  any  deficiency  which  may  result  from  the 
failure  of  any  unit.  Such  spare  equipment  for 
substations  will  be  sufficient  to  maintain  the  capac- 
ity of  the  plant  under  maximum  load  conditions. 

In  determining  the  number  of  electric  loco- 
motives and  multiple-unit  cars  upon  which  the 
estimate  of  cost  of  rolling  equipment  has  been 
based  (section  213.068),  allowance  has  been  made 
for  the  spare  units  required  for  shopping  and 
emergencies. 

In  addition  to  the  cost  of  the  several  items  for 
the  new  plant  and  of  the  equipment  referred  to 
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TABLE  CCCXVII.  ESTIMATED  TOTAL  COST  OP  ELECTRIC  ROLL- 
ING EQUIPMENT  REQUIRED  FOR  THE  ELECTRIC  OPERA- 
TION  OP  THE  CHICAGO  TERMINALS.  BY  ROADS 
(Dec.  31.  19") 


Railroad 

.MI»  Voh 
D.  C. 

ll.i.p..  Voll 

v  C 

1 

a 

8 

A  trhison,  Topeka  A  Santa  Fe  Ry  

t  1,473,714 

t    1  >.',',  177 

Baltimore  A  Ohio  R   R 

1  442  226 

1  638007 

Baltimore  A  Ohio  Chicago  Terminal  R.  R  .  .  .  . 
Calumet,  Hammond  A  Southeastern  R.  R  .  .  .  . 

1.497,440 
149,567 

544  211 

1,600.038 

Kl.l'l'l 

612  237 

Chicago  A  Alton  R.  R  

1,799  2.11 

2,021,579 

Chicago  A  Calumet  River  R.  R  

150.  1H7 

165.120 

1,299  325 

1.471,877 

Chicago  A  Erie  R.  R  

693.487 

783,082 

17,013,725 

18,236,693 

Chicago  A  Western  Indiana  it  U.  and  the  Belt 

3,405,277 

3,619,806 

5,145,228 

5,539,444 

Chicago  Great  Western  R.  R  

933,292 

1.052,752 

395,745 

lis,s:is 

IWl.LltS 

1,057,394 

2,249,730 

2.473,716 

Chicago,  Milwaukee  A  St.  Paul  Ry  

6,420.300 

7,191.810 

614 

514 

Chicago,  Rock  Island  A  Pacific  Ry  

4.821,957 

5,110,153 

149,542 

164,474 

Chicago  Union  Transfer  Ry  

612 

612 

Chicago,  Weat  Pullman  A  Southern  R.  R  

398,932 
1,747,772 

138,763 

1,921,984 

Grand  Trunk  Western  Ry  

1,429,473 

1,618,617 

Illinois  Central  R.  R  

9,267.263 

9,692.672 

349.508 

384,401 

Indiana  Harbor  Belt  R.  R  

350.169 

:ts.-,.mi 

4,841,192 

5.280,371 

Michigan  Central  R.  R 

2,096,692 

2,358,839 

Minneapolis,  St.  Paul  A  Sault  Ste.  Marie  Ry  . 
New  York,  Chicago  A  St  Louis  R  R 

sn.i'.M 

1,523,262 

945,721 
1  714,065 

Pere  Marquette  R.  R  

981.791 

1,109,547 

Pittsburgh.  Cincinnati,  Chicago  &  St.  Louis  Ry  . 
Pittsburgh,  Fort  Wayne  A  Chicago  Ry  

2,977.734 
4,174.528 
251,260 

3,349,386 
4,596,286 
276,147 

Wabash  Railroad  

2.255,947 

2.552,936 

Totals  

$84,003,395 

$91,703,557 

in  the  preceding  sections,  it  will  be  necessary  to 
provide  a  supply  of  spare  parts  to  be  held  in  stock 
and  issued  as  may  be  required. 

For  the  power  station  these  parts  will  include 
such  items  as  turbine  bearings,  armature  coils, 
parts  of  circuit  breakers,  switches,  bus-bars,  in- 
sulators, lengths  of  cables,  tubes  for  condensers, 
tubes  for  boilers,  grate  bars  for  stokers,  an 
assortment  of  various  sizes  of  pipe,  valves  and 
fittings,  impellers  and  shafts  for  circulating 
pumps,  miscellaneous  parts  of  feed  pumps,  spare 
armatures  for  motors,  parts  of  the  coal  handling 
plant  and  other  similar  small  equipment. 

For  substations  and  switching  stations  the 
parts  to  be  carried  in  stock  will  include  one  ex- 
tra transformer  of  each  size,  which  may  be  trans- 
ferred from  station  to  station  as  required,  parts 
of  circuit  breakers,  switches,  bus-bars,  lightning 
arresters,  bearings  for  rotary  converters  and  sets 
of  armature  and  field  coils. 

For  the  overhead  contact  system  and  the  trans- 
mission line  the  estimate  provides  for  a  stock  of 


extra  insulators  of  each  type,  several  miles  of  each 
size  and  class  of  wire  and  steel  strand,  an  assort- 
ment of  steel  poles,  brackets  and  cross-arms,  sec- 
tion breaks,  disconnecting  switches  and  similar 
supplies. 

For  locomotives  and  car  equipment  the  stock 
of  spare  parts  will  include  a  few  additional  mo- 
tors, several  extra  control  groups  and  other  con- 
trol apparatus,  several  spare  armatures  and  spare 
armature  coils,  spare  transformers  and  coils,  ex- 
tra brake  parts,  and  miscellaneous  details  such 
as  controller  fingers,  packing  leathers,  bushings, 
gaskets  and  other  mechanical  and  electrical  parts. 

213.071  Estimated  Costs  of  Spare  Parts  on  the 
Basis  of  the  Requirements  of  1912,  Excluding  all 
Allowances  for  Contingencies  and  for  Engineering : 
The  estimated  costs,  excluding  all  allowances  for 
contingencies  and  for  engineering,  of  the  spare 
parts  required  for  both  the  2, 400- volt  direct 
current  and  the  n,ooo-volt  alternating  current 
systems,  are  set  forth  in  table  CCCXVIII. 

TABLE  CCCXVIII.     ESTIMATED   COSTS    OP    SPARE    PARTS.   EX- 
CLUDING ALL   ALLOWANCES   POR   CONTINGENCIES 
AND    FOR    ENGINEERING 
(Basis  of  1912) 


Item 

2.400- 
VottD.C 

11.000- 
Volt  A.C. 

t  45,000 

t  45,000 

»:>.INNI 

.',:,  <*»> 

For  transmission  lines  and  overhead  contact  system  .  . 

12,000 
115.0OO 

12.000 
115,000 

80,000 

80.000 

Totals  

*-».n.t*»} 

SJ-7.iM.ci 

213.072  Estimated  Total  Cost  of  Spare  Parts: 
The  estimated  total  cost  of  the  spare  parts  for 
the  electric  operation  of  the  Chicago  railroad 
terminals  is  based  upon  the  cost  of  labor  and 
materials  as  determined  for  1912,  extended  in  the 
same  manner  and  subject  to  the  same  factors  of 
extension  as  were  the  costs  of  the  plant  or  facility 
for  which  the  spare  parts  are  required. 

The  values  thus  derived  may  be  accepted  as 
the  total  costs  on  the  basis  of  the  requirements 
of  1922.  These  costs  have  been  divided  among 
the  several  railroads  to  be  served,  on  the  same 
basis  as  the  costs  of  the  plant  or  facility  for  which 
the  spare  parts  are  required. 

The  total  cost,  by  railroads,  of  the  spare  parts 
is  set  forth  for  both  the  2,400-volt  direct  current 
system  and  the  n.ooo-volt  alternating  current 
system,  by  table  CCCXIX. 

The  fact  should  be  emphasized  that  the  cost 
of  spare  parts,  as  exhibited  by  roads  in  table 
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TABLE  CCCXIX.     ESTIMATED  TOTAL  COST  OF  SPARE  PARTS, 

BY  ROADS 
(Dec.  31. 


Railroad 

2,400- 

\   ,ltl).( 

11.000- 
VdtA.C. 

1 

a 

3 

1    6.271 

...  •  i 

038 

1.718 
7  M6 

919 
8.515 

2.825 
113.914 

28,377 

4.409 

I  |    7 
7'  - 
14.070 

33.574 

*     0 

7-.I 

-    .  ... 

914 

1,662 

7  -  .1 

M 
.  Ill 

2,684 
110.184 

27,277 
30.195 

4,268 
2.131 

•  •.:-• 

;    •  .  • 

32.281 

Baltimore  4  Ohio  R-K  

Baltimore  4  Ohio  Chicago  Terminal  R    R.                 ... 

Chicago  4  Alton  R   R 

Chicago  4  Erie  R  R 

Chicago  4  North  Western  Ry  

Chicago  4  Western  Indiana  R.  R.  and  the  Belt  Ry.  of 

Chicago  Great  Western  R.  R. 

Chicago,  Milwaukee  4  St.  Paul  Ry  

Chicago  River  4  Indiana  R.  R.*  

Chicago,  Rock  Island  4  Pacific  Ry  

32.486 
873 

31.527 
652 

Chicago  Short  Line  Ry  

Chicago  Union  Transfer  Ry.t  

Chicago,  West  Pullman  4  Southern  R.  R. 

2.531 

11.  -Us 

5.728 
87,982 

!  Mil 
3,072 
29,436 

9,152 

5.623 
4.046 

14.821 
...  :i- 
i  IH 
9.882 

2.463 

:  i  DM 
5.504 

:  ttt 

m  --' 

8.771 
3,161 
5,407 
3.874 

14,087 
U.1U 

i  v- 
9.459 

Elgin,  Joliet  4  Eastern  Ry  

Grand  Trunk  Western  Ry  

Illinois  Central  R.  R  

Indiana  Harbor  Belt  R.  R. 

Lake  Shore  4  Michigan  Southern  Ry  

Michigan  Central  R.  R  

Minneapolis,  St.  Paul  4  Sault  8te.  Marie  Ry  

New  York,  Chicago  4  St.  Louis  R.  R  

Pere  Marquett*  R.  R  

Pittsburgh,  Cincinnati,  Chicago  4  St.  Louis  Ry.  .  . 

Pittsburgh,  Fort  Wayne  4  Chicago  Ry  

Pullman  R.  R.  .  . 

Wabash  R.  R  

Totals  

(502.725 

*!•.•.    it  . 

*  Included  in  the  estimate!  for  the  Chicago  Junction  Railway. 
t  Included  in  the  estimates  for  the  Chicago  ft  Western  Indiana  Railroad. 

CCCXIX,  merely  represents  the  share  of  the 
several  roads  in  the  cost  of  the  spare  parts  re- 
quired for  the  joint  operation  of  all  roads  as  de- 
fined (chapter  212).  If,  in  the  actual  develop- 
ment of  electrification,  individual  roads  should 
prefer  to  provide  and  operate  individual  power 
stations,  substations,  contact  systems  and  trans- 
mission lines,  the  costs  of  spare  parts  would  be 
in  excess  of  those  set  forth. 

ALTERATIONS  TO  BRIDGES  AND 

BUILDINGS 

213.073  General  Considerations:  Incident  to 
the  execution  of  any  plan  of  electrifying  the  rail- 
road terminals  of  Chicago  through  the  use  of  an 
overhead  contact  system,  certain  definite  and  im- 
portant changes  in  existing  facilities  and  permanent 
way  structures  will  be  required.  Included  among 
these  will  be  changes  to  buildings,  bridges  and 
other  structures  to  provide  the  minimum  clear- 
ance specified,  changes  in  existing  cross  and 
parallel  wire  lines  (sections  213.076  to  213.080, 


inclusive) ,  and  changes  in  signal  systems  (sections 
213.081  to  213.088,  inclusive).  The  necessity 
for  these  changes  has  been  elsewhere  discussed 
(chapter  208). 

In  the  overhead  contact  systems  of  electrifica- 
tion which  have  served  as  a  basis  for  the  Com- 
mittee's estimates  of  cost,  electric  current  is 
conveyed  to  the  motors  of  the  locomotives  or 
motor  cars  by  the  contact  of  a  collector  (panto- 
graph) with  an  electrically  energized  wire  or  wires 
stretched  above  the  track  and  held  in  fixed  posi- 
tion at  proper  height  by  means  of  suitable  supports 
(section  207.18).  The  overhead  clearance  must 
be  adequate  not  only  to  permit  the  passage  of  the 
locomotives  and  cars,  but  also  to  provide  sufficient 
room  above  these  for  the  collecting  device,  for 
the  contact  wire  and  for  the  devices  which  must 
be  employed  to  secure  and  to  insulate  the  contact 
wire.  These  conditions  fix  the  minimum  clear- 
ance. In  the  operation  of  freight  equipment  it  is 
desirable  to  have  a  greater  overhead  clearance 
than  that  necessary  to  meet  the  minimum  require- 
ments, in  order  that  trainmen  may,  when  occasion 
arises,  have  safe  access  to  the  tops  of  cars. 

The  plans  upon  which  the  Committee's  esti- 
mates of  the  cost  of  electrifying  the  Chicago 
terminals  are  based  provide  for  a  minimum  clear- 
ance of  1 6  feet,  6  inches,  between  the  top  of  rail 
and  all  overhead  structures.*  In  all  cases  in 
which  the  existing  clearance  is  more  than  this 
amount,  it  has  been  assumed  that  there  is  sufficient 
space  to  permit  the  installation  of  the  contact 
wires  with  their  supporting  insulators  and  that  no 
alterations  to  such  structures  will  be  required. 
In  cases  in  which  the  present  clearance  is  less 
than  1 6  feet,  6  inches,  the  estimates  provide  for 
the  cost  of  raising  or  otherwise  altering  the  struc- 
ture in  question  in  such  manner  as  may  be  neces- 
sary to  provide  the  required  minimum  clearance. 

Information  regarding  the  present  clearance  of 
bridges  and  other  overhead  structures  was  fur- 
nished by  the  railroads  (chapter  201).  Facts 
thus  obtained  were  supplemented  by  additional 
information  obtained  by  direct  inquiry  regarding 
individual  structures  and  by  inspection. 

213.074  Extent  and  Costs  of  the  Work 
Involved  in  Securing  the  Required  Minimum 
Clearance  under  Overhead  Structures:  In  cases 

*  This  is  the  minimum  clearance  recommended  by  the  American  Railway 
Association. 
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in  which  the  present  distance  between  the  top  of 
rail  and  an  overhead  structure  is  less  than  the 
minimum  required  for  electric  operation  with  an 
overhead  contact,  the  additional  clearance  neces- 
sary must  be  obtained  either  by  raising  the  over- 
head structure  or  by  depressing  the  tracks,  and 
sometimes  by  a  combination  of  these  two  methods. 

A  total  of  70  overhead  structures  within  the 
proposed  limits  of  electrification  must  be  modified 
to  provide  the  necessary  clearance.  The  work  to 
be  done  has  been  determined  for  each  particular 
structure. 

In  estimating  the  costs  involved  in  raising 
viaducts  or  other  overhead  structures,  the  expense 
of  the  following  items  has  been  considered: 

1.  Raising  spans  over  tracks. 

2.  Raising  approach  spans  where  necessary. 

3.  Providing  new  bases  for  support  of  spans,  or 
building  up  piers  and  abutments  on  which  they 
are  supported. 

4.  Raising  street  approaches,  making  necessary 
fill,  and  replacing  pavements  and  street  car  tracks. 

5.  Providing  for  wires,  cables  and  pipes  of  all 
kinds  attached  to  overhead  structures. 

In  estimating  the  cost  of  depressing  tracks  the 
expense  of  the  following  items  has  been  considered : 

1.  Lowering  tracks  under  overhead  structure. 

2.  Readjusting  approaches   at  maximum  al- 
lowable gradient. 

3.  Replacing  ballast  and  re-surfacing  tracks. 

4.  Putting  in  a  certain  proportion  of  new  ties. 

5.  Lowering  sewers,  conduits  or  other  open- 
ings which  are  at  insufficient  depth  beneath  the 
tracks. 

6.  Providing  for  gas,  water  and  other  pipes. 

7.  Providing  new  catch-basins  and  manholes. 

8.  Changing  platforms  and   team   driveways 
adjacent  to  tracks. 

In  order  to  arrive  at  the  costs  of  obtaining  the 
necessary  clearance  under  all  overhead  structures 
involved  within  the  proposed  limits  of  electri- 
fication, the  Committee  submitted  to  all  of  the 
railroads  concerned  a  complete  list  of  structures 
on  their  lines  having  a  clearance  of  less  than  16 
feet,  6  inches,  with  the  request  that  they  return, 
if  possible,  a  definite  estimate  of  the  cost  of  secur- 
ing the  required  clearance  in  each  case.  Estimates 
of  cost  supplied  by  the  railroads  were  carefully 
revised  by  the  Committee's  structural  engineer, 
and  any  points  of  difference  were  made  the  sub- 
ject of  conferences  between  representatives  of  the 


Committee  and  the  railroad  concerned.  Where 
no  information  could  be  obtained  directly  from 
the  railroads,  estimates  of  cost  were  prepared  by 
the  Committee's  staff. 

The  location  of  each  overhead  structure,  its 
present  clearance,  a  statement  of  the  work  to  be 
done  in  providing  the  necessary  minimum  clear- 
ance of  1 6  feet,  6  inches,  and  estimates  of  cost  for 
the  twelve  railroads  involved,  are  presented  in 
table  CCCXX. 

A  summary,  by  roads,  of  the  estimated  costs 
as  set  forth  in  table  CCCXX  is  presented  as  table 
CCCXXI. 

TABLE  CCCXXI.  SUMMARY  OP  ESTIMATED  COSTS  OP  SECURING 

MINIMUM  CLEARANCE  UNDER  OVERHEAD  STRUCTURES, 

BY  ROADS 

(Bui*  of  1911) 


Railroad 

Total* 

Atchison,  Topeka  <k  Santa  Fe  Ry  

i  :j..»m 

34,100 

Chicago  &  Alton  R.  R  .  .""  

B.800 

Chicago  &  North  Western  Ry     .... 

294,000 

12,000 

20,050 

27,600 

Chicago,  Milwaukee  &  St.  Paul  Ry 

8,680 

Grand  Trunk  Western  Ry  

1,000 

Illinois  Central  R.  R 

2,500 

•000 

Pittsburgh,  Fort  Wayne  &  Chicago  Ry  ."  

83.000 

Total  

«-,,,,... 

2I3-°75  Estimated  Total  Cost  of  Securing 
Minimum  Clearance  under  Overhead  Structures: 

The  total  cost  of  securing  minimum  clearance  un- 
der overhead  structures  for  the  electric  operation 
of  the  Chicago  railroad  terminals  is  based  on  the 
cost  of  labor  and  materials  as  determined  for  the 
year  1912,  extended  in  a  manner  normal  to  these 
estimates  (section  212.09),  the  factors  of  extension 
in  this  case  being  as  follows: 

PER  CENT 

1.  To  cover  growth  in  mileage  of  railroads  from  De- 
cember 31,  1912,  to  December  31,  1922       •.      .      .  12. o 

2.  Contingencies 20.0 

3.  Engineering,  design,  supervision  and  administration  10 .  o 

4.  Interest,  insurance  and  taxes  during  construction 
at  1.75  per  cent  per  annum  for  6  years,  December 

31,  1916,  to  December  31,  1922 10.5 

The  values  thus  derived  may  be  accepted  as  the 
total  cost,  on  the  basis  of  the  requirements  of 
1922,  of  securing  the  necessary  minimum  clearance 
under  overhead  structures.  The  cost  of  this  work 
will  be  the  same  for  either  the  2 ,400- volt  direct 
current  system  or  the  u.ooo-volt  alternating 
current  system.  The  estimates  of  cost  are  pre- 
sented by  roads  in  table  CCCXX II. 
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TABLE  CCCXX.     ESTIMATED  COSTS  OF  RAISING  STRUCTURES  OR  DEPRESSING  TRACKS  TO  PROVIDE  MINIMUM  CLEARANCE 

FOR  OVERHEAD  CONTACT  SYSTEM.  BY  ROADS 
(Basil  of  1913) 


Railroad 

Location 

Kind 

Num- 
ber of 
Tracks 

Present 
Min. 
Clearance 

Work  to  be  Done 

].-,. 

i  i 

Cost 

a-*. 

1 

2 

a 

4 

6 

6 

7 

a 

Atrhison, 
Topeka  A 

rnil.'i    1  1-    l!> 

Viaduct.... 
Viaduct  
Viaduct.... 

...3 
..    2 

....5 

16ft.l      in- 
16  ft  3      in. 
16  f  t.6     in. 

(  3,000 
6.000 
8,000 

U    T.  W.  tracks  alongside  .. 

CUrk  St  
1Mb  St  

Raise  viaduct 

C  A  W    I   tracks  alongside 

Raise  viaduct  

Baltimore 
A  Ohio 
Chicago 
Terminal 
R.  R. 

Polk  St 

Viaduct 

12 

16  f  t.4      in- 
15  ft  SK  in 
15  ft  8     in- 
15  ft  »H  in 
16  ft.2      in. 

Ill  ft  L'        in 

1,000 

Polk  and  Taylor  Sts  
Connecting  12th  St  

4 

Raise  viaduct 

5.000 

I  ;(.'«»> 

13 

Viaduct  .... 
Railroad    .  . 

...2 
2 

Raise  viaduct  

15,000 

so 

M 

C.  B.  A  0.  and  C.  A  N.  W.  tracks  alongside 
P.  C.  C.  A  St.  L.  tracks  alongside  

I   H   B   R  R 

Depress  track  . 

i;    I    w   itv  

Railr.. 

...2 

D.prt-M  track    

P.  C.  C.  A  St    1.   track*  alongside  

Chicago 
A 
Alton  R.  R. 

17 

15  ft  6      in 
15  ft.  8.4  in 

Raise  viaduct  and  de- 

B.OOO 

too 

Polk  St 

Viaduct 

2 

4  track,  jointly  with  IV  Ft.  W.  A  C.  included 
C.  B.  A  Q.  tracks  and  4  joint  tracks  with  P. 
Ft.  W   A  ( 

Depress  tracks  

Chicago 

North 
Western 

Ry. 

Chicago  A  OakPk.  "L" 
Met  "L" 

Railroad 

S 

16ft.  IX  in 
16  ft.  3K  in. 
15tt.oQin. 
14ft  lOWin 
15  11.3.14  in. 
14  ft.  9«  in. 
15  ft  6&  in. 
16  ft.  0    in. 
ir.  ft  :.'.  11. 
1  Ml  II  '.in 
15ft 
ISfl.SHin. 
16ft.  H'n. 
15  ft  4     in 

Raiseelevated  structure 
Depress  tracks  

MOO 

1.000 
5.000 

120.000 

2.000 
4,000 
6.000 
JO.OOO 

5.000 

1  ... 

1J-.  I.N, 

P.  C.  C.  A  St.  L.  tracks  alongside  

Railroad    . 

.1 

P.  C.  C.  A  St.  L.  tracks  alongside 

Canal  St 

Viaduct.... 
Viaduct 

ii 

Depress  tracks  

C.  B.  A  Q.  and  B.  A  6.  C.  f.  tracks  alongside 

N   State  St 

Depress  tracks  } 

Viaduct   .  .  . 

...  6 

Depress  tracks  I 

N   Clark  8t 

Viaduct 

6 

Drprm*  tracks    ....    [ 

Writs  St 

Viaduct  

.3 

Depress  tracks  t 

Viaduct 

1 

C.  M.  A  St.  P.  and  P.  C.  C.  A  St.  L.  alongside 
and  P  C.  C  A  St.  L.  alongside 
C.  M.  A  St.  P.  and  P.  C.  C.  A  St.  L.  alongside 

Hnlsied  St 

Viaduct 

.  7 

Viaduct    . 

...2 

Raise  viaduct  

Viaduct 

B 

Erie  St 

Viaduct    .    . 

..  22 

Raise  viaduct  

\ 

s 

Depress  tracks    

M:i.ll-"l.   St      I'  tiniii-il 

Train  shrd 

.!• 

Chicago 
A  Weitern 
Indiana 
K.  R 

Clark  Si 

Viaduct   . 

1 

16ft  . 
16  ft.S     in. 
16  ft  4     in 

Raise  viaduct  

I1..MHI 

NO 

m 

\      1      A    .-     f     tr:,.  k-   .l..l,K-,,l.- 

St.  Charles  Air  Line  .... 
L  8  A  M   8  Ry 

Railroad   . 

4 

Railroad 

4 

Depress  tracks  

Chicago, 
Burlington 
A  Quincy 
R.  R. 

Polk  St 

Viaduct 

8 

ISft.ZHin. 
i:.  ft.  4',  in- 
IS  ft.  2  4  in 
IK  ft  7      in 

Depress  tracks      

r.tKxi 

7.000 

1.050 

t     A  A    md  P.  Ft.  W.  *C  taint  u».-k.     - 
C.  A  A.  and  P.  Ft.  W.  A  C.  joint  tracks.  .  .  . 

Taylor  8t 

Viaduct   . 

l"th  St 

Viaduct 

.    5 

C'anal  St  

Viaduct... 

1  !•  cnns  tracks  

A  N.W.  tracks  alongside 

Chicago 
Junction 

Ry. 

Goldman  Mfg  Co 

Canopy  .... 

1 

16  ft.O      in 
15  ft  2     in 
I.',  ft  3      in 
111  ft  1      in 
IS  ft.9     in. 
1.1  ft.  7',  in. 
16  ft  4      in 
15  ft  »H  in 
14  (10     in. 
16  (t.4      in 
15(t.7      in 
16  ft.S      in 
IS  fti.     in. 

14  ft  1      in 

Depress  tracks        .... 

Ltt 

E 

75 
25 
7S 

250 
12S 

125 

•,.,.., 
M 

50 
800 

20.000 

Foot  bridge  . 
Canopy  .... 
Foot  bridge  . 

....I 

...  1 
...   1 
1 

Depress  tracks  

Wabash  Ave.  A  40th  St. 
Wabash  Ave.  A  40th  St. 
Wabash  Ave.  A  40th  St. 
H.WCaldwollSonACo. 

Si  linn  ids  Mfg    Co 

Raise  canopy 

Raise  bridge  

DoorT* 

1 

Door 

Foot  bridge 
Footbridge 
Cattle  chute 
Foot  bridge 

....1 
....1 
....1 
...1 
1 

Simonds  Mfg  Co 

Raise  bridge 

Manhattan  Brew'g.  Co. 
South  Side"  L"  Lowe  St 
South  8ide"L"  Kenwood 
Team  Yard  

.     1 

Railroad  .  .  . 

Knilroad.  .  . 

...  1 
....4 

Drprrwi  trmrk        .  .    .  . 

Rj.iM  rtructur*  

Chicago, 
Milwaukee 
A  St.  Paul 
Ry. 

Lake  St 

Viaduct 

1 

15  ft  1(1    in 
16ft.    M,in. 
1.1  ft  2     in. 
15ft  10   in 

DepreM  trmrk* 

950 
1.47S 

MM 

1  1.1. 

1  '    1  i    W   AC   tracks  alongside 

1  1.  ^pi-un.  M  St 

Viaduct 

.8 

C.  A  N   W   and  P.  C.  C.  A  St.  L.  alongside 
C.  A  N.  W.  and  P.  C.  C.  A  St.  L.  alongside 
C    A  N    W.  mi,l  C    •      •       v    - 

ll:,Nt.-'l  M 

\      ,.i   .     T 

...10 

Deprvw  track*   

Sangamon  St  

Viaduct.  .  .  . 

...as 

Deprett  track*  

Grand  Trunk 
Western  Ky 

12th  St  

Viaduct.  .  .  . 

3 

I..  It  5      ,i, 

D<pr««i  trarlu 

].!««. 

A    T   AH    F.  tracks  alongside  

Illinois 
Central  R.  K 

St.  Charles  Air  Line.... 

16  ft.4     in. 

Remodel  floor  flyvtom  . 

MOO 

Pittsburgh, 
Cincinnati, 
Chicago 

St.  Louis 

Ry. 

G.T.  W.  Ry... 

I.  H.  B.  H.  K. 

Railroad 

2 

Hi  ft.  3      in 
16  ft.3      in 
16  ft.2     in. 
16  ft.2     in. 
IS  ft.  10   in. 

16  ft  (i     in. 
16  ft  0     in. 

•On 
200 
1.000 

550 
400 
400 

B  A  O  C  T  tracks  alongside              

Railroad    .  . 

2 

Met.  "L" 

Railroad 

1 

C  A  N  W  tracks  alongside                 

Chicago  A  Oak  Pk."L" 
Halated  St 

Railroad    .  . 

2 

C.  A  N.  W.  tracks  alongside  
C.  M.  A  St.  P.  tracks  alongside  and  2  tracks 
jointly  with  C   M   A  St  P  

Viaduct 

2 

Viaduct 

2 

DepreM  tracks  

CM.  A  St.  P.  and  C.  A  N.W.  tracks  alongside 
and  2  tracks  jointly  with  C.  M.  A  St.  P. 
C.  M.  A  St.  P.  tracks  and  C.  A  N  W.  tracks 
alongside  and  2  tracks  jointly  with  C.  M.  A 
St.  P.                   

Viaduct 

4 

Pittsburgh, 
Ft.  Wayne 

Chicago 

Ry 

1M|,    SI 

Viaduct 

10 

15ft  10   in 
15(t.lO  in. 

15  ft.  10  in. 
16ft.  1H  in. 

15  ft.S     in. 
14  ft  .7     in. 
15  ft.8     in. 
16  ft.O      in. 
16  ft  0     in. 
16  ft.O     in. 
16  ft  I)     in. 

Depre«  track* 

11.000 
5,000 

5.500 
7.000 

5,000 
24,000 
1400 
540Q 

l.tim 

5.000 
5,500 

2  tracks  jointly  with  C  A  A      

12th  St  

Viaduct 

5 

C.  B.  A  Q.  tracks  alongside,  S  tracks  jointly 
with  C  A  A.                                          

Taylor  St  

Viaduct 

5 

C.  B.  A  Q.  tracks  alongside,  5  tracks  jointly 
with  CAA                             

Polk  St  

Viaduct.  .  . 

Viaduct  
Viaduct 

....4 

..4 

17 

C.  B.  A  Q.  and  C.  A  A.  tracks  alongside,  S 

Van  Buren  St  

Adams  St  

Viaduct.  .. 
Viaduct 

....4 

s 

Madison  St  

Washington  St  

Viaduct.  .. 

\  j  ,  lu<  : 

....6 
5 

Randolph  St  

Lake  St  

Viaduct... 

...  6 

C.   M.  A  St.   P.  tracks  alongside.  5  tracks 
jointly  with  C.  M.  A  St.  P  
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TABLE     CCCXXII.      ESTIMATED  TOTAL     COST     OF     SECURING 
MINIMUM  CLEARANCE  UNDER  OVERHEAD 
STRUCTURES,  BY  ROADS* 
(Dec.  31. 


Railroad 


Total  Cort 


Committee.  This  information  was  supplement- 
ed by  details  obtained  from  the  Western  Union 
Telegraph  Company,  Postal  Telegraph  Com- 
pany, Chicago  Telephone  Company,  Common- 

TOP,..* santa F.Ry...  ,  Ie.«o4  wealth  Edison  Company  and  the  Sanitary  EHs- 

.  M.7oS  trict  of  Chicago.  Inspection  trips  were  also 

Hammond  &  southeastern  R.  R made  to  secure  additional  facts  where  required. 

Chesapeake  A  Ohio  Ry.  of  Indiana ;  0 

Shi^oAciiume'tmverRiR.-.  2i3.<>77     Cross    Wires  i     Examination   of   the 

information  obtained  as  above  led  to  the  follow- 

Chicago  &  Erie  R.  R 0  .  -  ,  •  , 

Chicago  A  North  Western  Ry 480.288  \T\B  classification  Of  Wires  CrOSSlHg  traCKS : 

Chicago  A  Western  Indiana  U.K.  and  the  Belt  Ry.  of  Chicago  nun 

Chicago,  Burlington  A  Quincy  R.  R 32,754 

Chicago  Great  we,tern  R.  R s 0  '  •  Telephone  wires  (open  and  in  cables) : 

Chicago,  Indiana  A  Southern  R.  R j  0     ,  O.    Toll  (outside  City  limits) . 

Chicago,  Indianapolis  &  Louisville  Ry 0  L     ir««u_.      _  /«^*u;«  ,,;«,•  K,,,;t ,.  i 

Chicago  Junction  Ry j         44,925  0-    Exchange  (Within  City  limits) . 

Ch^go,  Milwaukee  A  st.  Paul  Ry. . . .  U.180  ' .  Telegraph  wires  (open  and  in  cables) . 

Chicago  River  A  Indiana  R.  R 0  ,      T  ;„>!+  anrl  nnwpr  wHrtx:' 

Chicago,  Rock  Island  A  PaciBc  Ry 0  3-    L/lgHl  ai 

Chicago  Short  Line  Ry a.    Of  440  VOltS  Of  ICSS. 

Chicago  Union  Transfer  Ry 0  6.    FfOm  440  VOltS  tO  1 1  ,OOO  VOltS. 

Chicago,  West  Pullman  A  Southern  R.  R i  0  .      r\C   .  .  ooo  Vo1tc  or  more 

Klgin.  Joliet  A  Eastern  Ry 0  c •     ^        ll '°°°  vul 

4.  Special  wires, — including  signal,  street  railway 

Illinois  Central  R.  R 4,084  fnerlor  anH   arr-  lio-Vlt  wrirpc 

Illinois  Northern  Ry 0 

Indiana  Harbor  Belt  R.  R 0 

It   was   found   that   most   of   these   wires,   as 

MinnlTp^£nstsPalui^skuit8te.' Marie  Ry..  installed  at  present,  would  present  physical  in- 

New  York,  Chicago  A  St.  Louis  R.  R 0  ,  ...       ..  .          «  ,    . 

Pere  Marquette  R.  R o  terference  with  the  overhead  contact  and  trans- 

Pituburgh,  Cincinnati,  Chicago  A  st.  Louis  Ry 9,883  mission  systems  as  planned.     While  it  would  be 

Pittsburgh,  Fort  Wayne  A  Chicago  Ry 135,591 

Puiiman  R.  R ,  possible  in  many  cases  to  correct  this  interference 

Wabaan  K.K !  U 

Totals  ntsa^Mi"  ^y  raismg  the  wires,  such  change  would  not  en- 

*  Those  roads  for  which  no  cost  is  given  reported  no  obstructions  having  less  tirely  eliminate  all  risk  of  trouble  arising  from  brO- 
than  minimum  clearance.     It  is   known  that  there  are  industrial  tracks  adja-  .  ,    ,  .    f  . 

cent  to  some  of  these  which  have  such  obstructions  though  not  reported  to  the  ken  WITCS  which  might  fall  and  make  COntaCt  With 
Committee.  . 

the  wires  of  the  transmission  lines  and  contact  sys- 

CHANGES  IN  WIRE  LINES  tern.  The  estimates  have,  therefore,  been  based 

213.076  General  Considerations:  It  has  been  upon  a  plan  for  placing  underground  all  cross 
assumed  that  all  existing  wires  and  cables  which  wires  except  those  carrying  11,000  volts  or  more, 
cross  above  tracks,  or  which  parallel  tracks  in  Designs  of  underground  crossings  were  pre- 
such  a  manner  as  to  present  or  threaten  physical  pared  to  serve  as  a  basis  for  tke  estimates  of  cost, 
interference  with  the  contact  system  or  trans-  These  follow  the  present  practice  of  local  com- 
mission lines,  are  to  be  removed  or  so  rearranged  panics  for  similar  work.  They  contemplate  the 
as  to  correct  the  interference.  These  include  use  of  the  poles  now  supporting  the  span  for 
wires  which,  owing  to  their  location,  might  cause  terminal  poles.  These  poles  are  to  be  guyed  and 
interference  if  broken  or  otherwise  deranged,  reinforced  when  necessary,  and  the  additional 
In  so  far  as  interference  from  foreign  wires  is  fixtures  required  to  dead-end  the  crossing  are 
concerned,  the  transmission  lines  and  overhead  to  be  provided.  Terminal  boxes,  potheads  and 
contact  construction  designed  for  the  alternating  protecting  devices  are  to  be  installed  as  needed. 
current  system  will  be  affected  in  the  same  manner  The  present  cables  or  wires  are  to  be  replaced  by 
as  those  designed  for  the  direct  current  system,  and  cables  or  wires  of  a  suitable  kind  and  placed 
the  changes  necessary  in  foreign  wires  with  the  underground  in  galvanized  iron  conduits.  The 
resulting  cost  will  be  identical  for  both  systems,  conduits  are  to  extend  up  the  terminal  poles  a 

Information  regarding  the  location  and  char-  sufficient  distance  to  protect  the  cables  or  wires, 

acter  of  transverse  and  parallel  wires  which  are  Where  a  number  of  conduits  are  required  to 

sufficiently  near  to  cause  interference  was  fur-  accommodate  the  wires  or  cables  in  service  at  a 

nished  by  the  railroads  on  forms  prepared  by  the  crossing,  the  estimates  usually  have  included  the 
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cost  of  providing  a  spare  or  an  additional  conduit, 
and  for  telephone  and  telegraph  crossings  the 
estimates  provide  for  cables  having  about  25  per 
cent  more  wires  than  those  now  in  use. 

Telephone  wires  at  crossings  are  to  be  installed 
in  accordance  with  the  standard  type  of  cross- 
ings used  by  the  Chicago  Telephone  Company  at 
boulevards  and  streets  in  the  residential  districts. 
The  present  toll  line  cable  crossings  are  to  be 
changed  to  underground  crossings  using  5 3 -pair 
cables.  Toll  line  open  wire  crossings  are  to  be 
changed  to  underground  crossings  using  23-pair, 
3 7 -pair  or  5 3 -pair  cables  as  required.  The  present 
exchange  line  cable  crossings  are  to  be  changed  to 
underground  crossings  using  so-pair  cables.  Ex- 
change line  open  wire  crossings  are  to  be  changed 
to  underground  crossings  using  as-pair,  3o-pair 
or  5o-pair  cables. 

The  designs  for  underground  telegraph  cross- 
ings were  made  after  consultation  with  repre- 
sentatives of  the  telegraph  companies.  The  pres- 
ent telegraph  cable  crossings  are  to  be  changed 
to  underground  crossings  using  so-pair  cables. 
Open  wire  telegraph  crossings  are  to  be  changed 
to  underground  crossings  using  5 -pair,  ic-pair, 
i5-pair,  25-pair  or  37-pair  cables  as  required. 

Light  and  power  underground  crossing  designs 
are  in  accordance  with  the  practice  of  the  Com- 
monwealth Edison  Company.  Crossings  of  wires 
carrying  440  volts  or  less  are  to  be  made  with 
rubber  covered  wire  pulled  through  the  conduits. 
Crossing  lines  carrying  440  to  11,000  volts  are  to 
be  installed  underground  with  single  conductor 
lead  covered  cables  insulated  for  the  voltage 
carried.  Crossing  wires  of  voltages  higher  than 
11,000  are  not  to  be  placed  underground  but  are 
to  be  raised  and  installed  in  accordance  with  the 
specifications  for  overhead  crossings  of  electric 
light  and  power  lines  of  the  American  Railway 
Engineering  Association.  The  estimates  were 
based  on  a  design  of  a  standard  crossing  which 
would  be  applicable  to  any  case.  The  design 
provides  for  two  steel  transmission  towers  65  feet 
in  height  supporting  a  iso-foot  crossing  span  of 
nine  No.  o  A.  W.  G.  copper  wires  equivalent  to 
the  average  of  such  crossings.  The  towers  are 
designed  to  withstand  the  unbalanced  load  of 
5,000  pounds  which  would  occur  were  three  of  the 
nine  wires  broken.  Strain  insulators  are  to  be 
used  for  dead-ending  the  wires. 


Special  wire  crossings  include  those  for  signal 
wires,  arc  light  circuits  of  4,000  and  9,000  volts, 
6oo-volt  railway  feeders  and  combinations  of 
some  of  these.  Signal  wire  crossings  are  to  be 
placed  underground,  using  cables  of  3,  4,  5,  6, 
12  or  19  wires  as  required.  Single  conductor 
lead  covered  cable  is  to  be  used  in  the  under  ^ 
ground  crossings  of  arc  light  circuits.  Railway 
feeders  of  600  volts  are  to  be  installed  under- 
ground in  lead  covered  rubber  insulated  single 
conductor  cables.  The  necessary  modifications  to 
6oo-volt  trolley  wires  crossing  tracks  have  been 
referred  to  in  section  213.026,  and  their  cost  has 
been  included  as  part  of  the  cost  of  the  contact 
system.  Estimates  to  meet  the  peculiar  con- 
ditions of  other  special  wire  crossings  covered  by 
this  classification  were  made. 

213.078  Parallel  Wires :  From  the  information 
obtained  it  has  been  possible  to  determine  the 
character  and  location  of  all  wires  adjacent  and 
parallel  to  the  tracks  to  be  electrified.  In  gen- 
eral, the  same  classes  of  wire  are  to  be  found  par- 
alleling tracks  as  have  been  hereinbefore  classified 
as  crossing  tracks.  Examination  of  the  informa- 
tion was  made,  by  roads  and  by  route  elements 
(chapter  104),  to  determine  what  wires  would 
interfere  with  the  erection  of  the  contact  system 
and  transmission  lines  or,  by  falling,  would 
endanger  them.  The  ultimate  requirement  in 
this  respect  demands  that  no  wire  be  allowed  to 
remain  in  position  where,  if  its  supporting  pole 
were  broken  at  the  ground  surface,  it  would  not, 
when  falling  towards  the  track,  clear  the  contact 
and  transmission  wires  by  three  feet.  If  the 
width  of  the  right-of-way  permits,  the  line  is  to 
be  moved  to  a  safe  distance  from  the  tracks;  if 
there  is  not  sufficient  space  on  the  right-of-way 
for  this,  the  line  may  be  rebuilt  in  the  adjacent 
streets,  replaced  by  cables  supported  on  the  steel 
structures  of  the  contact  system,  or  placed  under- 
ground in  conduits.  At  places  where  sidings  or 
spur  tracks  leave  the  main  tracks,  the  wires 
paralleling  the  main  track  now  usually  cross  over 
the  spur.  At  such  places  the  estimates  provide 
for  replacing  these  wires  by  cables  in  under- 
ground conduits. 

Changes  to  lines  which  would  result  in  open 
wire  construction  involve  building  a  new  pole 
line  and  moving  the  old  wire  to  the  new  poles  or 
providing  new  wire.  Where  the  change  would 
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require  cable  construction,  the  estimates  allow 
for  cables  having  about  25  per  cent  more  con- 
ductors than  are  installed  in  the  present  open 
wire  construction.  In  a  few  instances  telephone 
and  telegraph  circuits  are  to  be  installed  in  a  single 
cable,  but  separate  cables  are  always  to  be  fur- 
nished for  signal  circuits. 

Open  wire  lines  have  been  considered  preferable 
to  cables,  and  estimates  have  been  based  upon  the 
use  of  this  type  of  construction  where  conditions 
permit,  but  only  42  per  cent  of  the  mileage  of 
parallel  lines  requiring  changes  will  remain  as  open 
wire  line.  The  total  length  of  parallel  lines  to  be 
changed  amounts  to  197.16  miles.  Of  this,  83.30 
miles  of  line  will  be  open  wire  construction,  108.50 
miles  of  line  will  be  aerial  cable  construction, 
2.25  miles  of  line  will  be  underground  construction 
and  2.84  miles  of  line  will  be  underground  spur 
track  crossings. 

213.079  Estimates  of  Costs  of  Changes  in  Wire 
Lines  on  the  Basis  of  the  Requirements  of  1912, 
Excluding  all  Allowances  for  Contingencies  and 
for  Engineering:  Estimates  of  costs  of  each  of 
the  standard  designs  of  crossings  were  made  and 
plotted  in  terms  of  length  of  underground  line, 
and  the  values  taken  from  these  diagrams  were 
applied  to  the  individual  crossings.  The  same 
general  method  was  used  to  obtain  the  cost  of 
changes  in  parallel  lines.  A  list  was  made  of  the 
number  and  character  of  the  changes  required, 
and  the  costs  of  standard  designs  were  plotted 
in  terms  of  length  of  line  to  be  changed.  Salvage 
was  allowed  on  replaced  lines,  equal  to  60  per  cent 
of  cost  of  line  when  new,  less  the  cost  of  labor 
required  to  remove  it. 

In  cases  where  the  wires  cross  the  tracks  of 
more  than  one  railroad,  the  cost  of  the  change  is 
distributed  among  the  railroads  in  proportion  to 
the  number  of  tracks  crossed.  The  cost  of  chang- 
ing wires  which  are  parallel  to  sections  of  right- 
of-way  where  joint  contact  system  structures 
spanning  the  tracks  of  more  than  one  railroad 
are  to  be  provided,  has  been  divided  equally 
among  the  railroads  owning  the  tracks.  As 
stated  elsewhere  (section  212.14),  no  attempt  has 
been  made  in  this  case  to  fix  the  responsibility 
for  the  cost  of  the  changes  to  wires,  all  costs  being 
charged  to  the  railroads  regardless  of  the  owner- 
ship of  the  wires.  The  extent  to  which  the 
different  classes  of  wire  are  involved  is  as  follows : 


Telephone  wires  . 
Telegraph  wires   . 
Light  and  power  wires 
Special  wires  . 


PKR  CENT 
31.0 

33  » 

.11    2 
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The  costs  of  the  changes  and  alterations  to  wires 
which  cross  or  parallel  tracks,  estimated  in  the 
manner  described  and  excluding  all  allowances 
for  contingencies  and  for  engineering,  are  com- 
mon to  both  the  2, 400- volt  direct  current  system 
and  the  11,000- volt  alternating  current  system. 
These  estimates  are  set  forth  in  table  CCCXXIII. 

TABLE  CCCXXIII.     ESTIMATED  COSTS  OP  CHANGES  TO  TRANS- 
VERSE AND  PARALLEL  WIRES.  EXCLUDING  ALL  ALLOW- 
ANCES FOR  CONTINGENCIES  AND  FOR  ENGINEERING. 
BY  ROADS 

(Basis  of  1012) 


Railroad 

Crow 
Wire* 

Parallel 
Win* 

as 

1 

a 

3 

4 

Atohison,  Topeka  &  .Santa  Fe  Ry. 

t  43  221 

t  7032 

<  -,.  ,  m 

Baltimore  &  Ohio  R.  R  

11,267 

7  •  "i 

1  -   ;  ... 

Baltimore  &  Ohio  Chicago  Terminal  R.  R. 
Calumet,  Hammond  *  Southeastern  R.  R. 

39,460 
2,130 

0 

17,046 
315 

0 

M   KM 
2,445 

o 

Chicago  &  Alton  R.  R  

18,150 

5,517 

'••.- 

Chicago  &  Calumet  River  R.  R  

0 

0 

o 

Chicago  &  Eastern  Illinois  R.  R  

2.027 

0 

2027 

Chicago  A  Erie  R.  R  

7610 

1  047 

8  657 

Chicago  &  North  Western  Ry  

205,077 

.:.  9tS 

241  072 

Chicago  &  Western  Indiana  R.  R.  and  the 
Belt  Ry  .  of  Chicago  

82,729 

46  168 

128897 

26  554 

24  779 

-  ... 

Chicago  Great  Western  R.  R.     ... 

0 

0 

o 

Chicago,  Indiana  &  Southern  R.  R.  . 

12918 

855 

13  773 

Chicago,  Indianapolis  &  Louisville  Ry  
Chicago  Junction  Ry  

!•  Ml 

16897 

1,620 
16511 

11.471 

•  •',-- 

Chicago,  Milwaukee  &  St.  Paul  Ry  
Chicago  River  &  Indiana  R.  R. 

58,501 

19,972 
0 

78,473 

o 

Chicago,  Rock  Island  &  Pacific  Ry.  . 

...,  JM 

16730 

-    .     -  x. 

Chicago  Short  Line  Ry  

0 

0 

o 

Chicago  Union  Transfer  Ry  
Chicago,  West  Pullman  &  Southern  R.  R.  . 
Elgin,  Jolict  &  Eastern  Ry  

1,602 
0 
2911 

0 
0 

1  396 

1.602 
0 
4  307 

Grand  Trunk  Western  Ry  

12,438 

2  283 

14  7**1 

Illinois  Central  R.  R  

112,081 

28670 

140  751 

Illinois  Northern  Ry  

B0Q 

o 

.  n  . 

Indiana  Harbor  Belt  R.  R  

7,557 

505 

gjQQg 

Lake  Shore  &  Michigan  Southern  Ry  
Michigan  Central  R.  R  

M  at 

17398 

28,873 
4  954 

16.4  a 

°2  352 

Minneapolis,  St.  Paul  &  Sault  Stc.  Marie  Ry.  . 
New  York,  Chicago  A  St.  Louis  R.  R  
Pere  Marquette  R.  R  

0 

18,837 
0 

0 
11,191 
345 

0 
10.038 

345 

Pittsburgh,  Cincinnati,  Chicago  &  St.  Louis 
Ry  

40309 

l.'.ssj 

56  191 

Pittsburgh,  Fort  Wayne  &  Chicago  Ry  
Pullman  R.  R  

.53,021 

•.  .  ... 

24]50rt 
3  136 

77.527 
12  816 

Wabash  R.  R.  .  . 

11  060 

Totals  

*•'  17.  :•::,  I 

;ji  ().-,(.) 

11,241,210 

213.080  Estimated  Total  Cost  of  Changes  to 
Transverse  and  Parallel  Wires:  The  total  cost 
of  the  changes  and  alterations  to  both  cross  and 
parallel  wires,  necessary  under  electric  operation 
of  the  Chicago  terminals,  is  based  upon  the  cost 
of  labor  and  materials  as  determined  for  1912,  ex- 
tended in  a  manner  normal  to  these  estimates 
(chapter  212),  the  factors  of  extension  in  this  case 
being  as  follows : 


QIO 


SMOKE  ABATEMENT  AND  ELECTRIFICATION   IN  CHICAGO 


PER   CENT 


12.0 
20.0 
lo.o 


1.  To  cover  growth  in  mileage  of  railroads  and  extent 
of  wires,  at  3.0  per  cent  per  annum  for  4  years, 
December  31,  1912,  to  December  31,  1916     .     .     . 

2.  Contingencies   ............. 

3.  Engineering,  design,  supervision  and  administration 

4.  Interest,  insurance  and  taxes  during  construction, 
at  1.75  per  cent  per  annum  for  6  years,  December 

31,  1916,  to  December  31,  1922    .......          10.5 

The  estimated  total  cost,  by  railroads,  of  all 
changes  and  alterations  necessary  to  wire  lines 
is  set  forth  by  table  CCCXXIV. 

TABLE  CCCXXIV.     ESTIMATED  TOTAL  COST  OP  ALL  CHANGES 

TO  WIRE  LINES.  BOTH  CROSS  AND  PARALLEL 

(Dec.  31,  loa  J) 


II, :.-..,.! 


Atchison.  Topeka  A  Santa  Fe  Ry 

Baltimore  A  Ohio  R.  R 

Baltimore  A  Ohio  Chicago  Terminal  R.  R 

Calumet,  Hammond  A  Southeastern  R.  R 

Chesapeake  A  Ohio  Ry.  of  Indiana 

Chicago  A  Alton  R.  R 

Chicago  A  Calumet  River  R.  R 

Chicago  A  Eutern  Illinois  R.  R 

Chicago  A  Erie  R.  R 

Chicago  A  North  Western  Ry 

Chicago  A  Western  Indiana  R.  R.  and  the  Belt  Ry.  of  Chicago 
Chicago,  Burlington  A  Quinry  R.  R 

Chicago  Great  Western  R.  R 

Chicago,  Indiana  A  Southern  R.  R 

Chicago,  Indianapolis  A  Louuville  Ry 

Chicago  Junction  Ry 


Chicago,  Milwaukee  A  St.  Paul  Ry. 

Chicago  River  A  Indiana  R.  R 

Chicago,  Rock  Inland  A  Pacific  Ry . 
Chicago  Short  Line  Ry 


Chicago  Tnion  Transfer  Ry 

Chicago,  West  Pullman  A  Southern  R.  R . 

Elgin,  Joliet  A  Kastrrn  Ry 

Grand  Trunk  Western  Ry 


Illinois  Central  H.  R 

Illinois  Northern  Ry 

Indiana  Harbor  Belt  R.  R 

Lake  Shore  A  Michigan  Southern  Ry 

Michigan  Central  R.  R 

Minneapolis,  St.  Paul  A  Sault  Sir.  Marie  Ry*. 

New  York,  Chicago  A  St.  Louis  Ry 

Pere  Marquette  R.  R 


Pittsburgh,  Cincinnati,  Chicago  A  St.  Louis  Ry . 

Pittsburgh,  Fort  Wayne  A  Chicago  Ry 

Pullman  Railroad 

Wabash  Railroad .  . . 


$83.005 

10416 

....  no 

MM 

0 

0 
3,311 

14,143 
303333 
210.S71 


o 

•  •  log 

18.740 
54.578 

128.100 
0 

i  .>   Ml 
0 

2,617 
0 

7    ... 

24.050 

H  ......  I 

1.111 
13.170 
00.500 

38,515 


i''  DM 
503 

01.700 
120.051 


20.531 


*  Owns  no  track  to  be  electrified. 


CHANGES  IN  SIGNAL  SYSTEMS 
213.081  Necessity  for  Changes :  The  electrifi- 
cation of  Chicago's  railroad  terminals  will  necessi- 
tate changes  in  certain  portions  of  existing  block 
and  switch  signaling  apparatus.  These  changes 
will  involve  both  the  signal  structures  and  the 
means  employed  in  the  control  and  operation  of 
the  signals.  Many  of  the  signal  structures  are  so 
designed  and  located  with  reference  to  the  running 
tracks  as  to  encroach  upon  the  clearances  which 
must  be  allowed  for  electric  operation.  In  such 
cases  changes  must  be  made  to  provide  for  the 


required  clearances.  All  automatically  controlled 
signals  employ  the  running  rails  of  the  track  to 
form  a  part  of  an  electric  circuit  by  which  their 
action  is  controlled.  With  the  introduction  of 
electric  operation  of  trains,  the  running  rails  of 
the  track  must  also  carry  the  return  traction  cur- 
rent, the  presence  of  which  would  make  inoperative 
the  existing  signal  track  circuits.  It  is  required, 
therefore,  that  the  signal  track  circuits  be  modi- 
fied in  such  manner  that  their  operation  will  not 
be  affected  by  the  presence  of  the  traction  current. 
It  was  first  determined  by  the  Committee  which 
of  the  37  roads  to  be  electrified  had  signal  track 
circuits  in  operation.  A  canvass  of  the  local 
offices  of  these  roads  was  made.  Copies  of  plans 
showing  lay-out  of  signals  and  notes  relative  to 
the  types  and  modes  of  operation  were  obtained. 
Where  reports  proved  to  be  insufficient,  inspec- 
tions of  individual  roads  or  of  individual  signal 
installations  were  made. 

213.082  Existing  Signals:  Block  signals  are 
those  having  fixed  locations  and  controlling  the 
use  of  a  definite  stretch  of  track.  They  may  be 
classified  as  to  the  manner  in  which  their  indica- 
tions are  displayed,  as  follows: 

1.  Banner  signals,  the  day  indication  being  dis- 
played by  a  revolving  banner. 

2.  Disk  signals,  the  day  indication  being  dis- 
played by  a  movement  of  a  disk  in  front  of  a  fixed 
background. 

3.  Semaphore  signals,  the  day  indication  being 
displayed  by  the  position  of  an  arm  moving  in  a 
vertical  plane  at  right  angles  to  the  track. 

4.  Light  signals,  the  day  indication  being  dis- 
played by  lights  behind  lenses  of  different  colors. 

Night  indications  for  all  of  these  signals  are 
displayed  by.  lights. 

Signals  may  be  classified  with  reference  to  the 
manner  in  which  they  are  controlled  and  operated, 
as  follows : 

1.  Manual  signals,  controlled  and  operated  by 
hand. 

2.  Controlled  manual  signals,  operated  man- 
ually  but   requiring   co-operation   between    the 
various  operators. 

3.  Automatic  signals,  controlled  by  the  train 
and  operated  by  power  which  may  be  either 
electricity,  compressed  air  or  compressed  gas. 

4.  Semi-automatic  signals,  partially  controlled 
by  the  train  and  partially  by  an  operator  with 
lever  action,  the  actual  operation  being  secured 
by  power  as  in  the  case  of  the  automatic  signal. 
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All  of  these  types  of  signals  are  to  be  found  in 
the  Chicago  terminals.  Some  of  them  have  been 
long  in  service  while  others  are  of  modern  design 
and  of  recent  installation.  They  serve  to  indicate 
the  position  of  a  track  switch,  to  give  control  of 
a  railroad  crossing  or  to  admit  or  exclude  trains 
from  certain  sections,  or  blocks,  of  track.  In  ad- 
dition to  these  indicating  devices,  there  are  many 
"interlocking  plants"  from  which  signals  are  con- 
trolled and  switches  are  thrown.  The  locations 
of  the  interlocking  plants  within  the  Area  of 
Investigation  are  shown  by  fig.  649. 

The  extent  of  the  interlocking  and  signal  in- 
stallations within  the  Area  of  Investigation  is 
suggested  by  the  following  enumeration : 

Number  of  interlocking  plants 133 

Total  number  of  levers 7,163 

Number  of  automatic  block  signals 1 ,245 

Equivalent  miles  of  single  track  equipped  with  automatic 

signals »  802 

213.083  Imperative  Changes:  The  imperative 
physical  changes  necessitated  by  electrification 
will  vary  with  the  traction  system  adopted.  In 
case  the  overhead  contact  system  is  employed, 
it  has  been  assumed  that  existing  signal  bridges 
will,  where  necessary,  be  raised  to  give  the  re- 
quired overhead  clearance;  that  they  will  be  used 
to  support  the  contact  wires ;  and  that  the  signals 
and  their  connections  will  be  rearranged  to  permit 
these  changes.  All  of  these  physical  changes  have 
been  analyzed  in  connection  with  the  design  of 
contact  systems  (section  213.025),  and  estimates 
of  cost  covering  this  portion  of  the  signal  work 
are  included  with  the  estimates  of  the  cost  of  the 
contact  system. 

The  functional  changes  involved  are  more 
complex.  Many  of  the  present  signals  to  be 
dealt  with  are  controlled  by  electric  track  circuits, 
the  action  being  such  that  the  signals  assume 
their  position  automatically  when  a  train  enters 
the  block  governed  by  them.  The  track  circuits 
at  present  employed  in  Chicago  are  mainly  of 
the  low  voltage  direct  current  type,  which  would 
be  affected  by  stray  traction  currents  either  of 
the  direct  or  of  the  alternating  current  type  in  the 
rails.  The  introduction  of  electric  traction  there- 
fore requires  the  use  of  alternating  current  track 
circuits  for  switch  and  signal  control.  The  cur- 
rents of  these  circuits  flow  in  the  track  rails  si- 
multaneously with  the  more  powerful  currents 


of  the  traction  system,  but  they  are  of  a  different 
character  and  operate  upon  relays  capable  of  se- 
lecting between  the  signaling  current  and  the  pro- 
pulsion current.  Where  direct  current  for  trac- 
tion is  used,  the  relay  may  be  rendered  selective 
by  being  designed  to  operate  on  the  inductive 
principle  so  applied  that  it  will  close  its  contacts 
on  alternating  current  but  not  on  direct  current. 
Where  alternating  current  is  used  for  traction,  the 
relay  is  made  to  work  selectively  on  the  basis  of 
its  alternations;  for  example,  with  a  zs-cycle  al- 
ternating current  traction  system  -the  signal  cur- 
rent frequency  is  generally  60  cycles  and  the 
signal  relay  is  designed  to  respond  to  the  6o-cycle 
current  but  not  to  the  25-cycle  current. 

The  traffic  to  be  handled  electrically  is  heavy 
and  the  traction  current  required  will  be  corre- 
spondingly large.  Under  these  conditions  it  will 
be  necessary  to  use  both  rails  for  the  return 
circuit.  Both  rails  also  are  to  be  used  to  carry 
simultaneously  the  current  controlling  signals. 
The  signal  circuits,  however,  deal  with  definite 
lengths  of  track.  The  integrity  of  the  signal 
track  circuits  is  preserved  by  isolating  them  one 
from  another  by  means  of  insulated  rail  joints,  so 
that  a  definite  length  of  track  may  constitute  the 
circuit  which  controls  each  individual  signal  or 
series  of  signals.  The  traction  current,  on  the 
other  hand,  must  flow  without  interruption  along 
the  track  from  signal  track  circuit  to  signal  track 
circuit  back  to  the  power  house  or  to  the  sub- 
station, and  the  signal  track  circuits  must  offer 
no  hindrance  to  such  flow.  These  functions  are 
secured  by  the  use  of  an  impedance  bond  which 
permits  the  track  circuits  to  be  connected  one 
with  another  for  traction  current  but  to  remain 
isolated  for  signal  current. 

The  changes  in  signals,  therefore,  for  which 
provision  must  be  made,  include  the  adaptation 
of  existing  signal  systems  within  the  proposed 
limits  of  electrification  to  the  use  of  alternating 
current  (preferably  6o-cycle)  track  circuits.  This 
change  involves  elements  for  each  track  circuit, 
as  follows: 

1.  The  generators  for  the"  control  current. 

2.  The  alternating  current  track  relay. 

3.  A  small  track  transformer  for  feeding  the 
track  relay  through  the  rails. 

4.  An  impedance  bond  to  perform  functions 
already  described. 
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FIG.  649.    LOCATIONS  OF  INTERLOCKING  PLANTS  IN  THE  AREA  OF  INVESTIGATION 
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213.084  Optional  Changes  in  Signals:      The 

functional  changes  outlined  in  the  preceding 
section  are,  as  has  been  stated,  necessary  for 
all  signal  and  switch  installations  employing 
electric  track  circuit  control.  In  addition, 
there  are  certain  functional  changes  in  such 
systems  which,  if  made,  would  affect  only  the 
economy  of  installation  or  of  operation,  and 
which,  for  present  purposes,  are  regarded  as 
optional.  The  estimates  of  cost  hereinafter  pre- 
sented do  not  include  them.  For  example,  the 
usual  gravity  primary  battery,  characteristic  of 
the  low  voltage  direct  current  signal  track  circuits 
now  used,  cannot  serve  in  supplying  alternating 
current  track  circuits  which,  under  the  rearrange- 
ment, must  be  provided,  and  might  therefore  be 
omitted  were  it  not  for  the  fact  that  practically 
all  of  the  automatic  signals  in  the  Chicago  ter- 
minals are  electrically  operated  as  well  as  elec- 
trically controlled,  and  that  they  employ  for  their 
operation  the  same  primary  batteries  now  used 
for  the  track  circuits.  Since  it  is  essential  to 
substitute  a  centralized  alternating  current  sup- 
ply for  the  track  circuits,  it  would  mean  greater 
operating  economy  to  employ  the  same  form  of 
power  for  operating  the  signals.  Such  a  change 
would,  however,  necessitate  detailed  changes  in 
the  mechanism  of  the  signals  themselves,  the 
extent  and  cost  of  which  would  be  materially 
affected  by  the  character  of  the  existing  signal 
installation. 

It  is  obvious  that  in  the  working  out  of  this 
problem  many  optional  changes  would  be  made; 
old  devices,  instead  of  being  changed,  would 
be  replaced  by  more  modern  installations,  and 
signal  equipment  covering  limited  trackage  would, 
in  the  face  of  extensive  changes,  be  more  or  less 
extended  so  that  the  efficiency  of  the  whole  in- 
stallation might  be  increased.  As  already  indi- 
cated, the  estimates  of  cost  are  not  designed  to 
cover  any  such  changes  or  extensions. 

213.085  Transmission   and   Power  Systems: 
The  alternating  current   signal   track  circuit  is 
most  economically  supplied  from  a  central  power 
source  from  which  it  may  be  distributed  to  local 
substations  along  the  line  of  the  track  by  means 
of    a    transmission    system.     This    system    may 
involve  overhead  wires  attached  to  the  traction 
contact  structures  and  to  poles,  or  it  may  be  in 
the  form  of  underground  cables.     The  overhead 


wires  represent  the  least  costly  method  and 
constitute  the  basis  of  the  estimates  of  cost  which 
are  hereinafter  presented.  It  is  assumed  that  all 
transmission  lines  will  be  of  duplicate  circuits. 

As  the  traction  current  has  electrical  charac- 
teristics different  from  the  current  used  for  the 
signal  track  circuits,  and  as  it  is  desirable  for  each 
road  to  have  its  own  signal  power  system,  the 
estimates  provide  for  one  or  more  signal  power 
substations  for  each  railroad.  In  these  sub- 
stations, a  traction  current  at  high  voltage  is 
passed  through  transformers  and  frequency  chang- 
ing sets,  which  serve  to  deliver  power  to  the  local 
signal  transmission  lines  at  60  cycles  and  at  the 
usual  potential  of  2,200  volts.  It  is  assumed  for 
the  purpose  of  these  estimates  that  these  signal 
substations,  where  possible,  are  to  be  located  in 
existing  buildings  or  in  the  traction  substations  in 
order  to  minimize  their  cost.  In  each  substation 
the  frequency  changing  sets  are  assumed  to  be  in- 
stalled in  duplicate,  together  with  other  apparatus 
such  as  switchboards,  lightning  arresters,  trans- 
formers and  regulating  instruments.  The  esti- 
mates are  designed  to  cover  only  such  apparatus 
as  is  required  to  provide  for  the  signals  at  pres- 
ent installed,  with  the  necessary  spare  apparatus 
for  emergencies. 

213.086  Unit  Costs:  A  careful  investigation 
of  the  factors  involved  has  resulted  in  the  estab- 
lishment of  unit  costs  covering  details  of  existing 
signal  systems  which  must  be  changed  to  adapt 
them  to  the  conditions  which  will  be  introduced 
by  electric  traction.  These  unit  costs  are  pre- 
sented in  table  CCCXXV. 

TABLE  CCCXXV.     UNIT  COSTS  OF  CHANGES  IN  EXISTING 

SIGNAL  SYSTEMS 

(Basis  of  1912) 


Item 

J  100-  \    ll 
D.  C.     . 

::<••>.     • 
A.  C. 

1 

2 

3 

*   ;  (•>• 

<    i 

400 

3OO 

Signal  transmission  line,  per  mile  of  duplicate  circuit 

950 
11  000 

950 
11  000 

15,000 

•  • 

550 

550 

Addition!  to  interlocking  plants  for  each  additional 
lever  

1.000 

1.000 

213.087  Estimated  Costs  of  Changes  in  Sig- 
nals, on  the  Basis  of  the  Requirements  of  1912, 
Excluding  all  Allowances  for  Contingencies  and 
for  Engineering:  The  number  of  each  kind  of 
unit  required  has  been  determined  for  each  road 
involved.  By  multiplying  this  number  by  the 
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unit  cost,  the  estimated  cost  on  the  basis  of  the 
requirements  of  1912,  excluding  all  allowances 
for  contingencies  and  for  engineering,  has  been 
obtained.  These  estimates  for  the  2, 400- volt  di- 
rect current  system  and  for  the  n.ooo-volt  alter- 
nating current  system  are  set  forth  by  tables 
CCCXXVI  and  CCCXXVII,  respectively. 

213.088  Estimated  Total  Cost  of  Changes  in 
Signal  Systems:  The  total  cost  of  changes  in 
signal  systems  for  the  electric  operation  of  the 
Chicago  terminals  is  based  on  the  cost  of  labor 
and  materials  as  determined  for  the  year  1912, 
extended  in  a  manner  normal  to  these  estimates 
(chapter  212),  except  as  to  the  first  factor  in- 
volved. No  logical  basis  has  been  developed 
upon  which  the  rate  of  growth  in  the  number  of 
signals  or  in  the  mileage  of  track  covered  by  them 
during  the  four  years  subsequent  to  1912  can 
be  predicted.  It  has  been  shown  that  the  total 
mileage  of  track  will  increase  3  per  cent  each 
year.  As  the  signal  mileage  has  in  recent  years 
increased  much  more  rapidly  than  the  track  mile- 
age, it  may  be  safely  assumed  that  signals  will 
increase  at  a  rate  of  more  than  3  per  cent  a  year, 
and  in  the  absence  of  a  definite  basis  it  is  assumed 
that  this  increase  will  be  5  per  cent.  The  factors 
of  extension  in  this  case  are,  therefore,  as  follows : 


TABLE  CXTXXVIII.     ESTIMATED  TOTAL  COST  OP  CHANGES 

IN  SIGNALS.  BY   ROADS 

<D«c.  ii.  1'iiit 


PER   CENT 

20.0 
20. 0 
IO.O 

10.5 


1.  To  cover  growth,  at  5  per  cent  per  annum  for  4 
years,  December  31,  1912,  to  December  31,  1916    . 

2.  Contingencies 

3.  Engineering,  design,  supervision  and  administration 

4.  Interest,  insurance  and  taxes  during  construction, 
at  i  75  per  cent  per  annum  for  6  years,  December 
31,  1916,  to  December  31,  1922 

The  costs  thus  derived  may  be  accepted  as 
the  estimated  total  costs  of  the  necessary  changes 
in  signals.  These  costs  are  given,  by  railroads, 
for  the  2,4oo-volt  direct  current  system  and  the 
1 1, ooo- volt  alternating  current  system  in  table 
CCCXXVIII. 

REMOVAL  AND  RE-ESTABLISHMENT  OF 

STEAM  LOCOMOTIVE  TERMINALS 
213.089    Definition   of    the    Work    Involved: 

The  electrification  of  Chicago's  railroad  terminals 
and  the  elimination  of  the  steam  locomotive  from 
the  city  will  make  possible  the  removal  of  all  steam 
locomotive  terminals  now  located  within  the  city, 
and  will  require  the  establishment  of  new  steam 
locomotive  terminals  at  points  beyond  the  city 


H.ilroad 

MOM     • 

1.  < 

;;   -• 
A.  C. 

1 

a 

* 

I     26  255 

|      2A25A 

Baltimore  *  (  »n»  U    l(          

:  .7  -  1  1 

.1 

Baltimore  A  Oh,,)  Cln.>i«o  Terminal  H    R  
Calumet,  Hammond  A  Southeastern  UK. 

Chesapeake  A  Ohio  Ry.  of  Indiana  

30I.4IM 
0 

17.303 

2M.AA3 
0 

17.103 

CliH-iiKo  A    Mum  UK                                      

;  ••    ,1 

1  1  2  545 

0 

o 

Chicago  A  Eastern  Illinois  R    H                     ... 

,  i  -  1  , 

.     ,. 

Chicago  4  Erie  R.  R      .          

o 

0 

•V  North  Western  Ry 

2  104  051 

1  808  422 

Chicago  A  Wcntern  Indiana  R.  R.  and  the  Belt 

472452 

411,348 

".i  --  1 

230  179 

12,252 

12  252 

117  586 

i  IM 

H  77'. 

.1    ,7', 

o 

o 

Chicago,  Milwaukee  A  8t  Paul  Ry         

384  711 

334  128 

0 

o 

Chicago,  Rock  Island  A  Pacific  Ry            

319092 

•;.     ;. 

0 

o 

Chicago  Union  Transfer  Ry  
Chicago,  West  Pullman  A  Southern  R.  R  

0 
0 

o 

0 
0 

o 

o 

o 

Illinois  Central  R.  R  

1  122,218 

•I...     .  1 

0 

o 

Indiana  Harbor  Belt  R   R 

17503 

17503 

.Vl''     ij'. 

|]  ',  M| 

Michigan  Central  R  R 

209  224 

;  "     •'• 

Minneapolis,  St.  Paul  A  Sault  8te.  Marie  Ry*  . 

New  York,  Chicago  A  St.  Louis  R.  R  

5,251 

5251 

Pere  Marquette  R.  R   

o 

0 

Pittsburgh,  Cincinnati,  Chicago  A  St.  Louis  Ry 
Pittsburgh,  Fort  Wayne  A  Chicago  Ry 

149,827 

436  399 

141,426 

383  014 

0 

o 

Wabash  Railroad  

26,2o'> 

26.255 

Totals    

S6.993.919 

M.111.407 

*  Owns  no  track  to  be  electrified. 

limits.  Under  the  plans  of  the  Committee,  pro- 
vision will  need  to  be  made  also  at  points  out- 
side the  city  for  tracks  for  the  change  of  motive 
power,  and  at  selected  points,  within  the  city  in 
some  cases  and  outside  the  city  in  others,  for  the 
care  and  handling  of  electric  locomotives  and 
multiple-unit  equipment.  In  a  few  cases  the 
facilities  which  are  now  in  use  for  steam  equip- 
ment may  be  rearranged  to  accommodate  elec- 
tric equipment. 

The  various  factors  involved  are  herein  con 
sidered  under  three  divisions: 

1.  Property  in  the  form  of  facilities  which,  in 
the    event    of   electrification,    will   be  rendered 
worthless  to  the  railroads  and  will,  under  the 
plan  of  the  Committee,  be  abandoned. 

2.  The  removal,  from  present  locations  within 
the  city  to  new  locations  outside  the  city,  of  cer- 
tain machinery. 

3.  New  facilities  which  in  the  event  of  electri- 
fication will  need  to  be  constructed  at  points  both 
within  and  outside  of  the  city. 

The  loss  which  will  result  from  the  abandon- 
ment   of    certain    facilities    cannot,    under    the 
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rulings  of  the  Interstate  Commerce  Commission, 
be  regarded  as  chargeable  against  electrification, 
but  the  extent  of  such  loss  is  set  forth  as  a  fact 
of  interest.  Under  the  Committee's  accounting 
statement,  section  401.13,  the  amount  involved  is 
regarded  as  chargeable  to  operation  over  a  period 
of  ten  years  from  the  date  of  the  completion  of  the 
electric  installation.  The  cost  involved  in  the 
removal  of  machinery  from  points  within  the  city 
to  points  outside  of  the  city,  and  the  cost  of  the 
necessary  new  construction,  properly  constitute 
charges  against  electrification. 

As  a  basis  for  estimates,  a  program  of  procedure 
has  been  adopted  covering  facilities  to  be  aban- 
doned, machinery  to  be  removed  to  new  locations 
and  new  facilities  to  be  constructed.  For  esti- 
mating purposes,  lists  and  preliminary  plans  of 
tracks  and  structures  have  been  prepared  for 
each  road.  Information  concerning  costs  has 
been  derived  from  many  sources. 

It  should  be  noted  that  the  facts  and  estimates 
which  follow  relate  only  to  permanent  way 
structures.  The  problems  relating  to  the  dis- 
position of  the  rolling  stock  which  will  be  released 
from  the  service  in  which  it  is  now  engaged,  are 
discussed  elsewhere  (sections  213.097  to  213.108). 

213.090  Description  of  Facilities  to  be  Aban- 
doned: Existing  facilities  which,  in  the  event  of 
electrification,  will  be  rendered  worthless  to  the 
railroad  companies  and  will  normally  be  dis- 
mantled or  otherwise  disposed  of,  include: 

1.  Engine  houses. 

2.  Coaling  stations. 

3.  Cinder  pits. 

4.  Turn-tables. 

5.  Tanks. 

6.  Certain  tracks. 

7.  Certain  shop  machinery. 

8.  Sand  and  oil  houses. 

9.  Minor  structures. 

The  facilities  to  be  abandoned  are  located  in 
most  cases  within  the  city  limits  of  Chicago. 
Lists  of  all  such  facilities  were  supplied  to  each 
railroad,  together  with  a  blank  form  upon  which 
the  first  cost,  present  value  and  salvage  value  of 
each  facility  might  be  entered.  Responses  were 
made  up  from  the  records  of  the  owning  com- 
panies. The  structures  involved  were  then  in- 
spected by  representatives  of  the  Committee  and, 
in  a  few  cases,  the  present  values  as  indicated  by 
the  records  of  owning  companies  were  changed  to 


correct  obvious  errors.  A  typical  railroad  report 
relating  to  the  value  of  affected  facilities  is  shown 
by  fig.  650. 

The  possibility  of  transferring  such  facilities 
as  coaling  stations,  turn-tables  and  water  tanks 
from  present  locations  to  new  locations  has  been 
considered  by  the  Committee,  but  owing  to  the 
requirements  of  continuous  operation  during  the 
construction  period  such  procedure  has  not  been 
regarded  as  practicable.  It  is  obvious  that  until 
the  new  facilities  which  are  to  be  constructed  at 
the  new  motive  power  terminals  at  transfer  yards 
are  in  working  order,  it  will  be  necessary  to  retain 
the  existing  facilities  in  their  present  locations. 
Only  in  the  case  of  machinery  has  it  been  deemed 
practicable  to  provide  for  removal  to  new  loca- 
tions. The  age  and  first  cost  of  facilities  have 
been  taken  as  reported  by  the  railroads,  their 
records,  which  in  most  cases  were  found  to  be 
comprehensive,  being  accepted  as  conclusive. 

The  term  "present  value,"  as  employed  in  this 
discussion,  represents  the  value  of  the  facility  to 
the  railroad  company  as  compared  with  the  cost 
of  a  new  structure  for  performing  a  similar 
service.  The  present  value  is  dependent  upon 
the  age  and  condition.  Thus,  a  coaling  station 
which  cost  $20,000  five  years  ago  and  which  has 
been  subject  to  an  annual  depreciation  of  5  per 
cent,  is  estimated  to  have  a  present  value  of 
$15,000.  Should  the  road  abandon  this  facility, 
the  salvage  value  would  depend  upon  its  sala- 
bility.  This  fact,  however,  does  not  vitiate  its 
present  value  as  indicated,  since,  as  a  going 
facility,  it  is  now  serving  its  purpose  and  will 
continue  to  do  so  until  it  is  rendered  unservice- 
able by  age  or  other  cause. 

The  present  values  generally  were  accepted  as 
reported  by  the  owning  companies.  In  a  few 
instances  in  which  the  values  reported  appeared 
inaccurate  they  were  corrected  on  the  basis  of 
reported  first  cost,  less  the  estimated  depreciation 
since  the  date  of  construction,  the  rate  of  depre- 
ciation in  each  case  being  dependent  upon  the 
type  of  facility  involved.  For  example,  the  life 
of  an  ash-pit  was  assumed  to  vary  from  seven  to 
ten  years,  according  to  its  construction  and  the 
severity  of  service  conditions. 

The  salvage  values  were  fixed  at  amounts 
representing  the  fair  selling  price  of  the  facility 
in  the  open  market.  The  rapid  depreciation  and 
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FIG.  650.    TYPICAL  FORM   USED  BY  RAILROADS  IN  REPORTING  THE  VALUE  OF 
ABANDONED   PROPERTY  ("FORM  51") 
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the  immobility  of  many  railroad  facilities  have 
justified  the  assumption  of  low  salvage  values. 
An  ash-pit  in  which  the  rails  are  carried  on  steel 
I-beams  is  a  typical  example  of  a  facility  which 
rapidly  deteriorates  in  use.  The  service  to  which 
such  beams  are  subjected  is  often  so  severe  that 
they  are  rendered  worthless  within  a  year  or  two 
after  installation,  and  such  beams  comprise  the 
principal  portion  of  the  facility  from  which  salvage 
may  be  obtained.  Bricks  used  in  locomotive 
engine  houses  become  discolored  from  smoke  and 
gases  so  quickly  after  installation  that  they  are 
usually  of  little  value  as  second-hand  material. 
It  has  been  held  that  such  structures  have  a  sal- 
vage value  sufficient  only  to  pay  for  their  removal. 
There  are  only  a  few  structures  the  salvage  value 
of  which  is  insufficient  to  pay  for  their  removal 
and,  on  the  other  hand,  there  are  only  a  few 
which  can  be  sold  for  more  than  this  cost. 
A  small  water  tank  has  but  little  salvage 
value  since  it  cannot,  as  a  rule,  be  used  ex- 
cept by  another  railroad  company  and  few  rail- 
roads now  install  small  water  tanks  at  loco- 
motive terminals.  In  many  cases  it  will  prove 
cheaper  either  to  allow  such  tanks  to  remain 
in  their  present  locations  for  the  purpose  of 
providing  fire  protection  or  water  supply,  or  to 
scrap  them. 

In  determining  whether  a  facility  should  be 
entirely  abandoned  or  transferred  to  a  new  loca- 
tion, consideration  has  necessarily  been  given  not 
only  to  the  character  and  condition  of  the  facility, 
but  also  to  the  character  of  the  service  performed 
by  the  railroad.     For  example,  under  the  proposed 
plan  of  electrification  the  Chicago  &  Western 
Indiana   Railroad   will  operate  all   its   trackage 
electrically  and  will  therefore  have  no  use  for  the 
turn-tables,  ash-pits  and  water  tanks  now  in  ser- 
vice in  connection  with  steam  equipment.     In  such 
instances,  equipment  of  this  character  will  normal- 
ly be  sold  for  removal.     The  trunk  lines,  on  the 
other  hand,  will  continue  to  operate  by  steam  be- 
yond the  proposed  limits  of   electrification,  and 
these  lines  may  transfer  portions  of  such  facilities 
to  new  locations.     However,  the  extent  to  which 
such  procedure  may  be  applicable  to  individual 
roads  is  not   apparent   from  the  information  at 
hand,  and  since  it  is  not  practicable  to  undertake 
during  construction  any  program  involving  the 
transfer  of  facilities  other   than   machinery,   no 


allowance  has  been  made  for  such  facilities  be- 
yond that  of  their  salvage  value. 

Machinery,  which  commonly  has  a  much  higher 
salvage  value  than  railroad  structures,  can  usually 
be  transferred  to  new  locations  at  considerably 
less  than  the  cost  of  new  equipment.  For  the 
purpose  of  these  estimates,  it  has  been  assumed 
that  much  of  this  machinery  now  used  for  steam 
equipment  may  be  retained  in  present  locations 
for  the  care  of  electric  equipment.  The  difference 
in  the  character  of  the  repair  work  required  on 
steam  and  on  electric  locomotives  is  not  so  great 
as  to  make  impracticable  the  use  of  many  machines 
now  employed  for  repairs  to  steam  locomotives 
in  a  similar  service  to  electric  locomotives  or  to 
other  electric  equipment.  A  few  exceptional 
cases  of  minor  importance  have  been  ignored. 
Thus,  in  the  case  of  the  Chicago  &  Western 
Indiana  Railroad,  on  which,  under  the  proposed 
plan  of  electrification,  steam  operation  will  be 
abolished,  there  will  be  no  further  use  for  certain 
flue  machinery.  Since  the  total  cost  of  this 
machinery  is  small  and  since  it  can  probably 
be  sold  to  recover  a  part  of  its  original  cost,  the 
loss  due  to  its  abandonment  has  been  regarded 
as  negligible. 

Illustrations  of  typical  structures  which,  in 
the  event  of  electrification,  will  serve  no  further 
useful  purpose  to  the  railroads,  are  presented  as 
figs.  651  to  670,  inclusive. 

213.091  Value  of  Property  to  be  Abandoned: 
In  conformity  with  the  foregoing  general  princi- 
ples, it  was  found  that  in  the  event  of  electri- 
fication the  principal  existing  facilities  which  will 
be  rendered  worthless  to  the  railroads  and  which, 
under  the  plans  of  the  Committee,  will  be  aban- 
doned, are  as  follows: 


Locomotive  engine  houses     . 
Stalls  in  locomotive  engine  houses  . 

Coaling  stations 

Water  tanks 


....  tfl 

....  872 

....  53 

....  96 

The  original  cost,  the  value  as  going  facilities 
in  1912  and  the  salvage  value  of  this  property, 
based  upon  the  reports  and  estimates  effective 
for  the  year  1912  as  described  in  the  preceding 
sections,  are  as  follows: 

First  cost  of  property $3,127,259 

Present  value  of  property 2,318,604 

Salvage  value  of  property 249,000 
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FIG.  651.  FACILITIES  TO  BE  ABANDONED.  Locomotive  ash-pit  of  the 
Atchison,  Topeka  &  Santa  Fe  Railway  in  the  Corwith  Yard.  This  pit  is  81  feet  long 
and  is  typical  of  many  shovel-pits  in  common  use  in  the  Chicago  terminals.  Facilities 
of  this  type  in  Chicago  will,  in  the  event  of  electrification,  serve  no  further  useful 
purpose  in  their  present  locations. 


FIG.  652.  FACILITIES  TO  BE  ABANDONED.  Locomotive  ash-pit  of  the 
Chicago  &  Western  Indiana  Railroad  at  49th  and  Butler  streets.  This  double  pit  is 
equivalent  to  a  single  pit  450  feet  long.  It  accommodates  more  than  100  locomotives 
daily.  In  the  event  of  electrification,  this  structure  will  be  rendered  worthless  in  its 
present  location.  Approximately  5  per  cent  of  its  original  cost  of  $30,000  could 
be  recovered  in  salvage. 
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FIG.  653.  FACILITIES  TO  BE  ABANDONED.  Locomotive  ash-pit  of  the 
Lake  Shore  &  Michigan  Southern  Railway,  near  63d  Street  and  Indiana  Avenue.  This 
is  a  double  pit  180  feet  long  and  is  a  good  example  of  a  high-class  shovel-pit.  The  salvage 
of  a  pit  of  this  type  is  very  small. 


FIG.  654.  FACILITIES  TO  BE  ABANDONED.  Eighty-foot  deck  plate-girder 
locomotive  turn-table  of  the  Baltimore  &  Ohio  Railroad,  near  86th  Street  and  Brandon 
Avenue.  This  table  is  fitted  with  an  air  tractor  for  turning.  In  the  event  of  electrifi- 
cation, the  pit  would  be  rendered  worthless  in  its  present  location. 
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FIG.  655.  FACILITIES  TO  BE  ABANDONED.  Seventy-five-foot  half-through 
plate-girder  locomotive  turn-table  of  the  Atchison,  Topeka  &  Santa  Fe  Railway  at 
the  Corwith  Yard  engine  house.  This  table  is  turned  by  means  of  an  air  tractor,  and 
illustrates  a  type  of  structure  which,  in  the  event  of  electrification,  would  be  rendered 
worthless  to  the  railroad  in  its  present  location. 


FIG.  656.  FACILITIES  TO  BE  ABANDONED.  Turn-table  and  pit  of  the 
Lake  Shore  &  Michigan  Southern  Railway,  near  63d  Street  and  Indiana  Avenue. 
This  is  a  90-foot  deck  plate-girder  turn-table  with  electric  tractor  and  is  typical  of 
many  such  structures  in  Chicago.  The  pit  has  a  concrete  back  wall  and  is  exception- 
ally deep.  In  the  event  of  electrification,  this  table  would  be  of  no  further  use  to  the 
railroad  in  its  present  location. 
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FIG.  657.  FACILITIES  TO  BE  ABANDONED.  Water  tanks  of  the  Lake  Shore  & 
Michigan  Southern  Railway  at  63d  Street  and  Michigan  Avenue.  These  tanks  are  of 
wooden  construction  throughout.  In  the  event  of  electrification,  they  will  be  rendered 
worthless  to  the  railroad  in  their  present  location.  Owing  to  the  necessities  of  operation 
during  construction  it  will  not  be  possible  to  transfer  them  to  a  new  location  until  the 
need  lor  similar  facilities  elsewhere  has  been  met.  They  are,  therefore,  regarded  as 
property  to  be  abandoned. 


FIG.  658.  FACILITIES  TO  BE  ABANDONED.  Water  tank  of  the  Chicago  & 
North  Western  Railway  at  16th  and  S.  Wood  streets.  This  tank  has  a  capacity  of 
approximately  77,000  gallons,  is  in  excellent  condition,  and  is  typical  of  many  such 
structures  within  the  proposed  limits  of  electrification.  In  the  event  of  electrification 
it  would  be  rendered  worthless  to  the  railroad  in  its  present  location. 


ESTIMATED  COST  OF  COMPLETE  ELECTRIFICATION 


933 


m 


FIG.  659.  FACILITIES  TO  BE  ABANDONED.  Steel  water  tanks  in  the 
Corwith  Yard  of  the  Atchison,  Topeka  &  Santa  Fe  Railway.  These  tanks  are  24  feet 
in  diameter  and  60  feet  high,  and  hold  200,000  gallons  each.  In  the  event  of  elec- 
trification, they  would  be  rendered  worthless  to  the  railroad  in  their  present  location. 
The  two  tanks  here  shown  are  the  largest,  for  locomotive  purposes,  in  the  Chicago 
terminals. 


FIG.  660.  FACILITIES  TO  BE  ABANDONED.  Wooden  water  tank  of  the 
Chicago,  Rock  Island  &  Pacific  Railway,  near  47th  Street  and  Armour  Avenue. 
This  tank  represents  a  type  of  railroad  structure  which  is  common  in  the  city  of 
Chicago.  It  has  a  capacity  of  about  35,000  gallons,  and  is  a  wooden  tub  on  a  wooden 
frame.  In  the  event  of  electrification,  tanks  of  this  type  will  be  rendered  worthless  in 
their  present  locations. 
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FIG.  661.  FACILITIES  TO  BE  ABANDONED.  Locomotive  engine  house  of 
the  Illinois  Central  Railroad  at  E.  26th  Street  and  Lake  Michigan.  This  is  a  20-stall 
structure  built  in  1898.  Stalls  are  75  feet  long,  and  the  construction  is  of  the  usual 
type  with  brick  walls  and  wooden  roof.  Immediately  to  the  south  of  this  building  is 
a  second  engine  house  having  23  stalls.  In  the  event  of  electrification,  this  building 
would  be  rendered  worthless  to  the  railroad. 


FIG.  662.  FACILITIES  TO  BE  ABANDONED.  Locomotive  engine  house  of 
the  Chicago  &  North  Western  Railway,  near  14th  Place  and  S.  Robey  Street.  This 
building  has  12  stalls,  each  64  feet  long,  and  is  of  an  early  type  of  construction.  In  the 
event  of  electrification,  it  would  be  rendered  worthless  to  the  railroad. 
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FIG.  663.  FACILITIES  TO  BE  ABANDONED.  Locomotive  engine  house  of 
the  Chicago,  Burlington  &  Quincy  Railroad,  near  12th  and  Canal  streets.  This  house 
has  15  stalls,  each  60  feet  long,  and  in  the  event  of  electrification,  would  be  a  total 
loss,  since  the  materials  are  not  suitable  for  use  in  new  construction. 


FIG.  664.  FACILITIES  TO  BE  ABANDONED.  Locomotive  engine  house  of 
the  Atchison,  Topeka  &  Santa  Fe  Railway,  near  W.  42d  Street  and  S.  Central  Park 
Avenue.  This  house  has  31  stalls,  each  81  feet  long.  Seven  of  the  stalls  are  used  as  a 
repair  shop.  Buildings  of  this  kind  are  generally  of  brick  construction.  Many  of  them 
are  old  and  the  materials  of  which  they  are  built  have  deteriorated  due  to  the  effects  of 
smoke  and  gases  so  that  the  salvage  value  is  only  sufficient,  it  has  been  estimated,  to 
cover  the  cost  of  wrecking  and  removing  them. 
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FIG.  665.  FACILITIES  TO  BE  ABANDONED.  Wooden  coaling  station  of  the 
Chicago  &  North  Western  Railway,  near  N.  Karlov  and  Austin  avenues.  This  station 
was  built  in  1902  at  an  approximate  cost  of  $50,000  and  has  a  storage  capacity  of  1,600 
tons  of  coal.  In  the  event  of  electrification,  this  structure  will  be  rendered  worthless. 


FIG.  666.  FACILITIES  TO  BE  ABANDONED.  Locomotive  coaling  station 
of  the  Chicago,  Rock  Island  &  Pacific  Railway,  near  47th  Street  and  Armour  Avenue. 
This  station  has  a  storage  capacity  of  500  tons.  An  inclined  belt-conveyor  carries  the 
coal  from  the  receiving  hopper  to  the  storage  bins.  In  the  event  of  electrification, 
the  structure  would  be  rendered  worthless. 
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FIG.  667.  FACILITIES  TO  BE  ABANDONED.  Locomotive  coaling  station  of 
the  Atchison,  Topeka  &  Santa  Fe  Railway  at  Corwith  Yard.  This  station  has  a 
storage  capacity  of  300  tons,  and  is  operated  by  a  gasoline  engine.  In  the  event  of 
electrification,  the  station  would  be  rendered  worthless  to  the  railroad.  Beyond  the 
coaling  station  is  shown  a  sand  house  which  could  probably  be  utilized  in  its  present 
location  for  furnishing  sand  to  electric  locomotives. 


FIG.  668.  FACILITIES  TO  BE  ABANDONED.  Mechanical  coaling  station  of 
the  Lake  Shore  &  Michigan  Southern  Railway  at  63d  Street  and  Michigan  Avenue. 
This  station  has  a  storage  capacity  of  600  tons.  In  the  event  of  electrification,  this 
station  will  be  rendered  worthless  to  the  railroad  in  its  present  location. 
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FIG.  669.  FACILITIES  TO  BE  ABANDONED. 
Locomotive  coaling  station  of  the  Illinois  Central 
Railroad  at  E.  26th  Street  and  Lake  Michigan.  This 
station  has  a  storage  capacity  of  500  tons  and  was 
built  in  1906  at  an  approximate  cost  of  $17.000. 
From  this  chute  about  400  tons  of  coal  are  taken 
each  24  hours.  It  will  be  rendered  worthless  in  the 
event  of  electrification. 


FIG.  670.  FACILITIES  TO  BE  ABANDONED. 
Mechanical  coaling  station  of  the  Baltimore  &  Ohio 
Chicago  Terminal  Railroad,  near  Harvey  Junction. 
This  station  has  a  steel  storage  bin  of  150  tons  ca- 
pacity, serving  two  tracks.  It  is  operated  with  a 
bucket  hoist,  which  has  a  capacity  of  1.5  tons.  In 
the  event  of  electrification,  this  station  will  be  ren- 
dered worthless  to  the  railroad  in  its  present  location. 
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A  summarized  statement,  by  roads,  of  the 
character  and  value  to  the  railroads,  as  going 
facilities,  of  property  which  will  be  abandoned  in 
the  event  of  electrification  is  presented  as  table 
CCCXXIX. 

A  statement  of  the  first  cost,  estimated  value 
in  1912,  salvage  value  and  net  value  of  property 
which  will  be  dissipated  or  abandoned  in  the 
event  of  electrification  by  roads,  is  presented  as 
table  CCCXXX.  The  net  value  set  forth  repre- 
sents the  estimated  value  in  1912  less  the  salvage 
value. 

213.092  Total  Value  of  Property  to  be  Aban- 
doned: The  first  cost,  estimated  value  as  going 
facilities  in  1912,  salvage  value  and  net  value  of 
property  which  will  be  abandoned  in  the  event 
the  steam  locomotive  is  eliminated  from  the  city 
of  Chicago,  are  set  forth  in  table  CCCXXX, 
as  scheduled  for  the  year  1912.  An  extension  of 
such  facilities  will,  in  the  ordinary  course  of  busi- 
ness, continue  subsequent  to  1912.  While  the 
rate  of  increase  cannot  be  accurately  determined, 


it  may  safely  be  assumed  as  not  less  than  the  rate 
of  increase  in  track  mileage,  namely,  3  per  cent 
per  annum.  It  will  be  reasonable  also  to  assume 
that,  in  the  event  electrification  is  decided  upon, 
all  extensions  of  terminal  facilities  for  the  care  of 
steam  locomotives  within  the  proposed  limits  of 
electrification  will  cease  as  soon  as  the  plans  for 
the  prospective  change  becoipe  operative.  A 
single  factor  of  extension  is,  therefore,  applied  to 
the  foregoing  estimates,  as  follows: 

PER  CENT 

Growth  of  facilities  ultimately  to  be  abandoned,  at  3 
per  cent  per  annum  for  4  years,  December  31,  1912, 
to  December  31,  1916 12.0 

The  values  thus  derived  may  be  accepted  as  the 
estimated  total  values  of  the  property  which,  in 
the  event  of  electrification,  will  be  abandoned. 
The  first  cost,  the  value  to  the  railroads  as  going 
facilities,  the  salvage  value  and  the  net  value  of 
property  to  be  abandoned  upon  the  completion 
of  the  electric  installation  in  1922  are  set  forth, 
by  roads,  in  table  CCCXXXI. 


TABLE  CCCXXIX. 


VALUE  TO  THE  RAILROADS.  AS  GOING  FACILITIES.  OF  PROPERTY  WHICH  WILL  BE  ABANDONED 
IN  THE  EVENT  OF  ELECTRIFICATION 
(Basis  of  1912) 


Railroad 

Facilities  to  be  Abandoned 

Ash-Piu 

Coalinc 
Stations 

KIIKIIM- 
House* 

Turn- 
Tables 

Miacel- 
laneous 

Total 

1 

2 

3 

4 

& 

• 

7 

Atchison  Topeka  A  Santa  Fe  Ry 

$  1,740 

2,000 
3,300 

tll.lMKI 

12,000 
16,000 
1,748 

*   IS.CXMI 
50.000 
27,000 

$    .-..IHHl 

5,000 
3,500 

*  ...I"" 
1,600 
7,500 
1,185 

t  74.840 
70.BOO 
-.7    00 
2.933 

Baltimore  &  Ohic  R   R. 

Chicago  A  Alton  R.  R.  .         .            

2,000 

7.500 

16.000 

2,800 

•_'»   ."• 

Chicago  A  Calumet  River  R.  R  

Chicago  A  Erie  R   R                     

Chicago  A  North  Western  Ry  

42,000 
23.600 
2,350 

2,000 

66,800 
29,600 
4.500 

5,000 

209,200 
136,000 
113.000 

13.000 

28.500 
15,000 
17.000 

7,500 

21.100 
6,300 
1.000 

367,600 
227.100 
143,150 

28,500 

Chicago  A  Western  Indiana  R   R  and  the  Belt  Ry  of  Chicago      .      .            .... 

Chicago  Great  Western  R.  R  

5,700 
7,000 

5,100 
34,000 

38,000 
200.000 

6.000 
20,000 

20.500 
10.200 

75.300 
271.200 

Chicago   Milwaukee  A  St   Paul  Ry                                                         .            ... 

Chicago,  Rock  Island  A  Pacific  Ry  

5,700 

12,500 
500 

37,000 

7,600 

22.000 
1.500 

84.800 
2.000 

Chicago  Short  Line  Ry.  .                                             

Chicago,  West  Pullman  A  Southern  R   R 

1,100 
3,600 
1.100 

14.500 
350 
600 
10,000 

500 

900 
10.400 
7,000 

41,700 
1,100 
300 
25,000 

3.300 

200 
4.900 
7.300 

23,113 

u   -f 
55.2OO 

M  ;•  . 
1.450 

j   .... 

155.600 
34.200 

17,000 
35,000 

155,150 

7.000 
4.800 

23,000 

Grand  Trunk  Western  Ry  

Illinois  Central  R  R 

Indiana  Harbor  Belt  R.  R  

2,000 
92,000 

16.500 

9.500 
4.500 

10.100 
9,400 

Michigan  Central  R.  R.                    

Minneapolis,  St.  Paul  A  Sault  Ste.  Marie  Ry  

New  York,  Chicago  A  St   Louis  R   R.      .  .    .          

3.500 
900 

4,900 
6,000 
100 
700 

5.000 

11.500 
18,000 

10.500 
137.500 
12.000 
||  no 

5.000 
4.000 

4.000 
10.000 
1.500 
4.000 

3.100           28.100 
1.800           24,700 

7,576            30.626 
17,700         201.400 
300            14.250 
4.412 

Pere  Marquette  R   R 

3,650 
30,400 
350 

-..mm 

Pittsburgh,  Fort  Wayne  A  Chicago  Ry  

Wabash  Railroad                                    .  .        .                         

Totals  ."  

1145.240       $343.34J»    S1.414.03O        S192.400       S223..VW    S2.31V-H 

30 
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The  amounts  set  forth  in  the  last  column  of 
table  CCCXXXI,  totaling  $2,317,957,  represent 
the  estimated  value  in  1922  less  the  estimated 
salvage  value  at  that  time  of  property  whk-h.  in 
the  event  of  electrification,  will  be  rendered  use- 
less. This  amount  cannot  be  charged  to  capital 
and  must,  therefore,  stand  as  an  independent 
item  in  representing  property  wholly  dissipated. 

213.093  Costs  of  Transferring  Machinery  to 
New  Locations:  In  the  event  of  electrification 
it  will  be  practicable  to  transfer  certain  machinery, 
such  as  stationary  engines,  lathes,  milling  ma- 
chines, drill  presses  and  other  shop  machinery, 
from  present  locations  to  new  locations  in  which 
this  equipment  may  continue  to  serve  a  useful 
purpose  to  the  railroads.  In  most  cases  ma- 
chinery now  used  for  the  care  of  steam  locomotives 
within  the  city  will  be  removed  to  the  proposed 
new  transfer  yards  where  facilities  for  the  care  of 
both  steam  and  electric  equipment  are  to  be  pro- 
vided. In  some  instances  certain  shop  machinery 
will  be  retained  in  its  present  location  for  the  care 


of  electric  equipment,  or  for  continuation  of  the 
service  it  now  performs  in  connection  with  coach 
yards,  buildings  or  other  facilities  not  directly 
related  to  the  steam  locomotive.  In  a  few  cases, 
as  on  roads  which  are  to  be  completely  electri- 
fied and  which  after  electrification  will  maintain 
no  steam  service  whatever,  certain  special  ma- 
chinery suitable  only  for  the  repair  of  steam 
locomotives  will  be  abandoned,  and  the  value  of 
such  machinery  is  included  with  that  of  other 
abandoned  property  of  which  account  has  already 
been  taken.  Machinery  which  is  out  of  date  but 
is  still  kept  in  service  has  been  regarded,  for  the 
purjxjses  of  these  estimates,  as  available  for 
transfer,  since  it  is  not  the  purpose  to  charge 
electrification  with  the  cost  of  improving  the 
character  of  an  existing  related  facility. 

The  cost  of  transferring  machinery  from  present 
locations  to  proposed  new  locations  is  regarded  as 
a  charge  against  electrification. 

The  estimated  costs,  on  the  basis  of  the  estab- 
lishment existing  in  1912,  of  transferring  such 


TABLE  CCCXXX.     FIRST  COST.  ESTIMATED  VALUE  AS  GOING  FACILITIES  IN  iou.  SALVAGE  VALUE  AND  NET  VALUE.  BY  ROADS. 
OF  PROPERTY  WHICH  WILL  BE  ABANDONED  IN  THE  EVENT  OP  ELECTRIFICATION 

lB»»i»  of  ton) 


K-  Abandon* 

.1 

Railroad 

Flnl 

Salvagr 

\  MM 

Net 
Value 

1 

•-• 

a 

1 

a 

Atchiflon,  Topcka  *  Santa  Fe  Railway  

tio7,ii:n 

*   71.  Mil 

«1U.OOO 

$  III  M" 

Baltimore  &  Ohio  Railroad  

70.1*10 

5.000 

,,-.  .M«l 

M   00 

:.7.:too 

14,000 

l:t.:too 

2,933 

Chicago  A  Alton  Railroad                                        

47.000 

jj   :.. 

•  •:   .1  . 

Chicago  &  Erie  Railroad  

Chicago  A  North  Western  Railway 

.u.om 

334.6On 

Chicago  *  W  .•stern  Indiana  Kailroad  and  the  Brit  Railway  of  Chicago 

.-,-,  7,  ... 

.'.'7  I  no 

:i  INNI 

Chicago.  Burlington  &  Quincy  Railroad     .    .» 

198.760 

1  CI.I.-.0 

111.01  HI 

127,150 

Chicago  Great  Western  Railroad  

.•.    .•„, 

.'),OOO 

25,500 

Chicago,  Indiana  4  Southern  Uailrnad  

Chicago,  Indianapolis  A  Ix>ui»ville  Railway   

Chicago  Junction  Railway  

97.3OO 

75,300 

ni  ooo 

M  .(.  » 

Chicago,  Milwaukee  &  St.  Paul  Railway  

350937 

•-•    MI. 

jo  000 

253200 

Chicago  River  &  Indinnn  Railroad  

Chicago,  Rock  Island  &  Pacific  Railway  

115  100 

-i     XI  .' 

7000 

77800 

Chicago  Short  Line  Railway  

3000 

>   .... 

IJOOO 

Chicago  Union  Transfer  Railway  

Chicago,  \\est  Pullman  &  Southern  Railroad 

.!   IK) 

2200 

2  200 

Elgin,  Joliet  &  Eastern  Railway  

,     •   xi  .,  i 

429OO 

2000 

>•     .... 

Grand  Trunk  Western  Railway  .....'  

71  7l  m 

V)  20O 

s.ooo 

47  -'"" 

Illinois  Central  Kailroad  

.  i  i  . 

7   ;•. 

J".  IMto 

231  483 

Illinois  Northern  Railway  

i  300 

I   4.VI 

1    !',< 

Indiana  Harbor  Belt  Railroad 

5  300 

'  •.:  . 

2  000 

Lake  Shore  &  Michigan  Southern  Railway 

]•   '  i  .  '. 

185,000 

I.I  IKK) 

142  OOO 

Michigan  Central  Railroad  

.,  •  i  ,  '.  , 

,    

5  000 

-.    •. 

Minneapolis,  St.  Paul  &  Sault  Ste.  Marie  Railway 

New  York,  Chicago  &  St.  Louis  Railroad  

!'.  -.7* 

28  UN) 

7  000 

21  100 

Pere  Marquettc  Railroad  

•j3  700 

21  701) 

Pittsburgh,  Cincinnati,  Chicago  &  St.  Louis  Railwav 

1.  1  ,  -< 

'.I  ,,  '.. 

4  OOO 

•  '  i, 

Pittsburgh,  Fort  Wayne  &  Chicago  Railway 

zseiaifl 

201.600 

11.0011 

190.000 

Wabash  Railroad....  .....'.  

i  i 

H.7t>0 

14.250 
33.792 

2.000 
9.000 

12.250 
24.792 

Totals  

M.I27.2.W 

KMH.om 
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machinery  as  is  available  for  removal  to  new 
locations  are  set  forth,  by  railroads,  in  table 
CCCXXXII. 

213.094  Total  Cost  of  Transferring  Machinery 
to  New  Locations:  The  cost  of  transferring  the 
machinery  enumerated  in  the  preceding  section, 
as  scheduled  for  the  year  1912,  is  set  forth  in  table 
CCCXXXII.  Additions  to  such  machinery  will, 
in  the  ordinary  course  of  business,  continue  sub- 
sequent to  1912,  and  while  the  rate  of  increase 
cannot  be  accurately  determined  it  may  safely 
be  assumed  at  not  less  than  the  rate  of  increase 
in  track  mileage,  namely,  3  per  cent  per  annum. 
It  will  be  reasonable  to  assume  also  that,  in  the 
event  electrification  is  decided  upon,  all  installa- 
tions of  transferable  machinery  will  cease  when 
the  plans  for  the  prospective  changes  become 
definitely  operative.  The  factor  of  extension  in 
this  case,  therefore,  is: 

PER    CENT 

To  cover  growth  at  3  per  cent  per  annum  for  4  years, 

from  December  31,  1912,  to  December  31,  1916  .     .          12.0 


Upon  this  basis  the  total  cost,  by  railroads,  of 
the  transfer  of  machinery  to  new  locations  is  set 
forth  by  table  CCCXXXII  I. 

213.095  Character  and  Extent  of  New  Facili- 
ties: The  electrification  of  the  Chicago  railroad 
terminals  will  necessitate  a  considerable  amount 
of  new  construction,  involving  such  facilities  as 
engine  houses,  ash-pits,  machine  shops,  water 
tanks,  houses  for  electric  locomotives  and  multi- 
ple-unit equipment,  coaling  stations  and  trackage. 
Most  of  this  new  construction  will  be  at  transfer 
yards  which,  in  nearly  all  cases,  will  be  located 
at  points  marking  the  limits  of  complete  elec- 
trification. In  estimating  the  extent  of  these  new 
facilities,  the  following  general  principles  have 
been  recognized: 

i .  The  extent  of  each  type  of  new  facility  has 
been  determined  for  each  road  with  regard  to 
the  present  requirements  of  the  road.  It  has 
been  the  purpose  to  adopt  a  program  such 
as  the  roads  might  voluntarily  accept  in  the 
event  of  rebuilding  facilities  to  meet  present  de- 


TABLE  CCCXXXI.     FIRST  COST.  VALUE  TO  THE  RAILROADS  AS  GOING   FACILITIES.   SALVAGE    VALUE   AND    NET    VALUE. 
BY  ROADS.  OK  PROPERTY  WHICH  WILL  BE  ABANDONED  IN   THE  EVENT  OF  ELECTRIFICATION 

(Dec.  31,  IQ23) 


Facilities  to  be  Abandoned 

Railroad                                                                                             First 

(OH, 

Present 
Value 

Salvacc             N«t 
Vmlw             Vain. 

1                                                                                                       2 

3 

4                    5 

AtchiaoD,  Topeka  A  Santa  Fe  Railway  $120.8X3 

$83.821 
79,072 
64.176 
3.285 

•  11,200        *  72.621 
S.fiOU             73.472 
15.680            48.400 
3,28.1 

Baltimore  &  Ohio  Railroad                                                                                                                                                            99,568 

Chicago  &  Alton  Railroad                                                                                                                                                             53,312 

31.696 

..'.<«>            28,096 

411,712 

254,352 
160.328 

31.920 

36,960          374.7.-,.' 
34,720          219.632 
17.920          142.408 

3,360            28.5611 

Chicago  A  Western  Indiana  Railroad  and  the  Beit  Railway  of  Chicago               .      .                                                    335.741 

Chicago,  Burlington  &  Quincy  Railroad                                             222,61  1 

Chicago  Great  Western  Railroad                                           44,240 

84.338 
303,744 

94.976 
2.240 

'  2.4M 
48,048 
61.824 

HB  II  • 

i  BM 
3.248 
174.272 

38.304 

17.920           60.416 
21.280          282.464 

7.840            87.136 
.   .              2.24O 

Chicago  Milwaukee  A  St    Paul  Railway                                                                                                                                 393  050 

Chicago,  Rock  Island  &  Pacific  Railway       128.912 

Chicago  Short  Line  Railway                    "                                                        -                       3,300 

2.4«4 
.•.I'l'i           45.808 

8.960       nju 

2U.12O          J5M* 

!      ••-• 

,  Ml 
14.MO         169.712 

5.600            32,704 

Klgin  Joliet  A  Eastern  Railway                                                                                                                                                  7(),;i;i*; 

G  rand  Trunk  Western  Railway                                    80,304 

Illinois  Central  Railroad                       .  .                     401,288 

Indiana  Harbor  Belt  Railroad                            '•  '*  •'- 

Minneapolis  St  Paul  A  Sault  Ste.  Marie  Railway*  .... 

New  York   Chicago  A  St   Louis  Railroad                                        .                     55,8(13 

31.472 
I7.M4 

34.301 

a  •  i  a 

,     in 
,:  Ml 

7.840            23,633 
3.360            24.304 

4.480            29.821 

1J..O'          JU.47--' 
2.241)            13.720 
10.0HO           27.767 

Pere  Marquette  Railroad                                                                                                                                                               37,744 

Pittsburgh   Fort  Wayne  A  Chicago  Railway                      '                   265,010 

Pullman  Railroad                                                    21.382 

Wsbash  Railroad                                                                              .                     46,704 

Totali  $3,502.530 

$2.596837 

S278.8XO    S2.317.9fT 

'  Has  no  property  which  will  be  abandoned. 
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TABLE    CCCXXXII.     ESTIMATED    COSTS.    BY    ROADS.    OF 
TRANSFERRING  MACHINERY  TO  NEW  LOCATIONS 

(Basis  of  191  J) 


Railroad 

Co«t 

$4.(H»0 

4.000 

Chesapeake  &  Ohio  Ry   of  Indiana                                

(  "tnr'igo  ft  Alton  It    K                                        

2,000 

5,000 

3000 

4000 

4.000 

Chicago  West  Pullman  ft  Southern  H   R          

Elgin   Juliet  A  Eastern  Ry  

Grand  Trunk  Western  Ry  

4.000 

Illinois  Central  R    R                               ...           

fi.OOO 

Indiana  Harbor  Belt  K    R                             .... 

4.000 

Michigan  Central  H    R  

2,000 

Minneapolis  St   Paul  ft  Sault  Ste   Marie  Ry     . 

New  York   Chicago  ft  8t.  Ixmia  R    R  

4.000 

Pere  Marquette.  R.  R  

2.000 

Pittsburgh,  Fort  Wayne  ft  Chicago  Ry  "  

4,000 

ToUl     . 

WHIM 

mands.  It  has  not  been  the  purpose,  however, 
to  make  an  elaborate  provision  for  prospective 
development,  nor  to  charge  electrification  with  the 
expense  of  improving  an  existing  facility  beyond 
the  extent  believed  necessary  to  meet  present 
conditions. 

2.  The  extent  of  new  trackage  to  be  provided 
under  the  estimates  of  the  Committee  is  only 
such  as  is  deemed  necessary  for  the  prompt 
change  of  locomotives  and  for  the  handling  of 
motive  power. 

3.  As  a  basis  for  estimates,  standard  plans  have 
been  prepared  for  transfer  yards,  electric  locomo- 
tive houses,  multiple-unit  equipment  houses  and 
other   similar   facilities.     Estimates   have   been 
based  upon  unit  prices  prevailing  in  Chicago  for 
labor  and  material. 

The  new  facilities  to  be  supplied  may  be  classi- 
fied as  follows : 

1.  Those  which  will  be  constructed  at  loca- 
tions where  there  are  now  no  side   tracks  or 
yard  facilities. 

2.  Those    which  will  be   constructed   as  ad- 
ditions to  existing  yards,  or  on  ground  in  such 
yards  made  available  by   the  abandonment  of 
present  facilities. 

In  most  cases  it  has  been  assumed  that  new 
facilities  will  be  located  at  transfer  yards,   the 


TABLE   CCCXXXIII.     TOTAL  COST.   BY   ROADS.   OP   TRANSFER. 

RING  MACHINERY   TO  NEW  LOCATIONS 

(Dec.  31,  lojj) 


I!  ,.....,.1 


Total  COM 


Atchuon.  Topeka  A  Santa  Fe  Ry 

Baltimore  A  ( >hio  It    R 

Baltimore  A  Ohio  Chicago  Terminal  R.  R.. 
Calumet,  Hammond  A  Southeant.-rn  H    It 

Cheaapeake  A  Ohio  Ry.  of  Indiana 

Chicago  A  Alton  R.  R 

Chicago  A  Calumet  River  H.  R 

'i  A  Kantern  Illinois  R.  R 


I'.  I II 


Chicago  A  Kric  K    H 

Chicago  A  North  Weitern  Hy 

Chicago  A  Western  Indiana  R.  R.  and  the  Belt  Ry.  of  Chicago 
Chicago,  Burlington  A  Quincy  R.  R 

Chicago  Great  We«tern  R.  R 

Chicago,  Indiana  A  Southern  It    H 

Chicago,  Indianapolu  A  Louiirille  Ry 

Chicago  Junction  Ry 


VII... 

4,901 


Chicago.  Milwaukee  A  St.  Paul  Ry. 
Chicago  River  A  Indiana  R    K 
Chicago,  Rock  Hand  A  Pacific  Ry 
Chicago  Short  I.me  Ry 


a  H  i 

'  6.AU 


Chicago  Union  Tranifer  Hy         

Chicago,  Went  Pullman  A  Southern  R    R 

Klgin.  Joliet  A  KanU-rn  Ry 

Grand  Trunk  Weatern  Ry 

Illinoii  Central  It   It. 
Iliinou  Northern  Ky. 

Indiana  Harbor  Belt  H    R 

Lake  Shore  A  Michigan  Southern  Ry 

Michigan  Central  R    It 

MinneapnlU.  St.  Paul  A  Sault  Ste.  Marie  Ry. 

New  York.  Chicago  A  8t.  Ixniu  R.  R 

Pere  Marquette  R.  R 


..  |  ;-. 
3.267 

(1.435 
3.267 

I'ltt.l.urgh.  Cincinnati.  Chicago  A  St.  Louia  Ry... 

Pittaburgh.  Fort  Wayne  A  Chicago  Hy I  ,  OM 

Pullman  Railroad 

Wabuh  Railroad 6.S34 


,  1,.. 


Toul 


choice  of  locations  for  which  has  been  based  upon 
the  operating  requirements  of  the  road  affected 
and  upon  the  availability  of  land. 

Where  operating  conditions  make  desirable  the 
establishment  of  new  facilities  for  the  care  of 
electric  equipment  at  points  at  a  distance  from  the 
transfer  yards,  the  cost  of  such  facilities,  in  addi- 
tion to  that  of  the  major  facilities  to  be  provided 
at  the  transfer  yards,  is  included  in  the  estimates. 

The  locations  selected  for  transfer  yards  are 
shown  by  the  map  presented  as  fig.  671. 

A  list  of  all  proposed  transfer  yards  as  shown 
by  fig.  671  is  presented  as  table  CCCXXXIV. 
In  this  table  the  term,  "No  present  facilities," 
indicates  that  neither  buildings  nor  side  tracks 
now  exist  on  the  site  of  the  proposed  yard,  and 
the  term,  "Addition  to  present  yard,"  indicates 
that  the  required  facilities  for  the  care  of  steam 
and  electric  locomotives  are  to  be  constructed  in, 
or  adjacent  to,  an  existing  yard. 

A  plan  of  a  standard  transfer  yard,  including 
tracks  and  all  accessory  facilities  for  the  con- 
venient handling  of  trains  and  for  the  care  of 
steam  and  electric  equipment,  is  shown  by  fig. 


TNI  GlICAOO  /UMCIAtKM  Of  COMHOKX 

COMMITTEE  or  iNvuTioxnON  on  SMONC  A* 


MMITTEE  or  iNvuTioxnON  on  SMONC  A*niMe 

AND   t.LttTBiriCATION    Of    I&IILWW    TERMINALS 
OWW   of   Ch»f  Ei^nwr         Chkaft.    I»H 


FIG.  671.    LOCATIONS  SELECTED  FOR  PROPOSED  TRANSFER  YARDS 
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672.  The  plan  merely  sets  forth  the  elements  of 
a  transfer  yard.  Its  use  in  formulating  estimates 
of  cost  has  involved  modifications  suited  to  the 
requirements  of  individual  roads.  The  extent  of 
the  facilities  provided  by  the  estimates  vary,  for 
different  roads,  from  the  minimum  of  two  sidings 
for  inbound  trains  and  one  for  outbound  trains, 
with  no  structures,  to  the  more  complete  group 
of  facilities  shown  by  the  standard  plan.  In  the 
case  of  a  few  of  the  larger  roads,  the  estimates 
have  provided  for  an  even  more  elaborate  group 
of  facilities  than  that  shown  by  the  plan. 

The  standard  transfer  yard  provides  transfer 
tracks  chiefly  for  the  use  of  inbound  trains.  This 
provision  is  based  upon  the  assumption  that  out- 
bound trains,  either  freight  or  passenger,  will  gen- 
erally be  in  such  condition  that  they  will  need  to 
be  held  at  the  point  of  transfer  only  long  enough 
for  the  locomotives  to  be  changed,  a  period  of 
perhaps  5  minutes  for  passenger  trains  and  15 
minutes  for  freight  trains  being  considered  suf- 


ficient. Thus,  an  outbound  passenger  train  may 
be  brought  to  a  stop  opposite  the  point  marked 
"E,"  fig.  672,  where  the  electric  locomotive 
which  has  brought  it  from  the  city  will  be 
uncoupled  and  allowed  to  proceed  directly  to 
the  electric  locomotive  house  which  is  served  by 
tracks  Nos.  112  and  114.  A  steam  locomotive 
previously  brought  from  the  roundhouse  and 
placed  on  the  short  siding  marked  No.  141,  may 
then  \yc  run  on  to  the  main  track  and  attached  to 
the  train  in  readiness  to  continue-  the  journey. 
Similarly,  an  inbound  passenger  train  may  be 
brought  to  a  stop  near  the  point  "P."  Here 
the  steam  locomotive  will  be  uncoupled  from  the 
train  and  allowed  to  proceed  through  the  cross- 
over to  the  outbound  track,  from  which  it  has 
access  to  the  roundhouse  over  track  No.  22. 
An  electric  locomotive,  previously  placed  on 
the  inbound  main  track  at  a  proper  distance 
ahead  of  the  crossover  or  on  a  convenient  siding 
which  may  be  provided  near  the  point  "F,"  may 


TABLE  CCCXXXIV.     PROPOSED  TRANSFER  YARDS 


Railroad 

Location 

BMMifa 

on.  Topeka  &  Santa  Fc  Ry.    ,  . 

M.Cook.  Ill  

It-tltnin.n-  A-  (  llii.i  It    R 

\.    prvM  tit   1  i.  iliii   . 

Hart  Yanl 

in    Tower  Yard.  !>..! 

Addition  to  prenent  ynni 

<  'liii-ago  A  Alton  R  R 

Glenn  Yard 

Chicago  &  Calumet  River  R.  R  *                .              .                

Chicago  A  Eastern  Illinois  R.  R  

Yard  Ontcr.  Ill 

Addition  to  present  yard 

Chicago  A  Eric  R.  R  

Hammond,    In-1 

Addiiir.li  1<>  I.M--  nl  \  :ird  . 

Waukcgan.  HI 

Chicago  A  North  Western  Ry  

Nile.  OnU-r.  Ill 

lltl.-K.     Ill 

Chicago  A  North  Western  Ry  .    . 

Proviao,  III  

Chicago  A  Western  Indiana  R.  R.  and  the  Hell  Uy.  of  Chicago*  

Chicago,  Burlington  A  Quinoy  R.  R  

Hawthorne.  Ill 

Chicago  Great  Western  R.  R. 

Koreat  Park    III 

Chicago,  Indiana  A  Southern  R.  R  

Oibnon.  Ind 

Chicago,  Indianapolis  A  Louisville  Ry. 

Chicago  Junction  Ry.*  

Chicago,  Milwaukee  A  St.  Paul  Ry  

\n  present  facilities 

Chicago,  Milwaukee  A  St.  Paul  Ry.     

Chicago  River  A  Indiana  R.  R.*  

Chicago.  Rock  Island  A  Pacific  Ry  

Hurr  Oak  Yard 

Chicago  Short  Line  Rv.*  

Chicago  Union  Transfer  Ry.*  

Chicago.  West  Pullman  A  Southern  R.  R  *  . 

Klgin,  Jolict  A  Eastern  Ry.*  

Grand  Trunk  Western  Ry  

No  present  facilities                      .    . 

Illinois  Central  R.  R  
Illinois  Central  R.  R  

Hate]  Crest.  Ill  

No  present  facilities  

Illinois  Northern  Rv.*  

Indiana  Harbor  Belt  R.  R.»  

Lake  Shore  A  Michigan  Southern  Ry. 

Miller*   ]tl.\ 

Michigan  Central  R.  R  

Gibson,  Ind 

Minneapolis,  St.  Paul  A  Sault  Stc.  Marie  Ry.* 

To  use  Hawthorne  yard  of  I.C.  R.  K 

New  York,  Chicago  A  St.  Louis  R.  R. 

Hessville    Ind 

Pere  Marquette  R.  R  

Harr  Yard 

Pcrc  Marquette  R.  R  

Pittsburgh.  Cincinnati,  Chicago  A  St.  Louis  Rv 

HtTiiifr    111 

\o  present  facilities              

Pittsburgh,  I  ort  Wayne  A  Chicago  Rv  

Clarke   Ind 

Pullman  Railroad*  

Wabash  Railroad  

Wabash  Railroad  

Clarke  Junction,  Ind  

Xo  present  facilities  

*  No  transfer  facilities  required. 
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then  be  attached  to  the  train  in  readiness  to 
proceed  with  it  to  its  destination. 

For  outbound  freight  trains,  the  change  of 
motive  power  may  be  made  upon  the  outbound 
main  track  in  a  manner  similar  to  that  described 
for  passenger  trains.  When  traffic  conditions  pro- 
hibit this,  the  train  may  be  pulled  into  the  long 
siding  marked  "transfer  siding,"  and  the  change 
from  electric  to  steam  motive  power  made  from 
that  position.  Additional  tracks  parallel  to  the 
transfer  siding  are  to  be  provided  on  individual 
roads  as  may  be  required  by  traffic  conditions. 

In  the  case  of  inbound  freight  trains,  the  change 
may  be  made  either  upon  the  main  track,  as  with 
passenger  trains,  or  on  one  of  the  sidings  numbered 
i.  2,  3,  4,  5  (fig.  672).  The  steam  locomotive  may 
uncouple  from  the  train  and  proceed  to  the  round- 
house over  track  No.  22.  At  such  time  as  may 
be  found  convenient,  an  electric  locomotive  may 
be  attached  and  the  train  taken  to  its  destination 
in  the  city.  Since  the  destinations  for  freight 
trains  are  much  more  numerous  than  those  for 
passenger  trains,  the  delays  in  reaching  them  will 
be  proportionately  greater,  and  more  extensive 
trackage  must  therefore  be  provided  for  inbound 
freight  trains.  Electric  locomotives,  moreover, 
may  not  always  be  available  for  the  prompt  han- 
dling of  freight  trains,  the  movements  of  which 
frequently  do  not  conform  to  schedules. 

For  the  reasons  mentioned,  the  specifications 
upon  which  estimates  of  cost  are  based  ordinarily 
provide  for  five  inbound  tracks  on  which  trains 
awaiting  change  from  steam  to  electric  locomotives 
may  stand.  In  the  case  of  the  smaller  roads  this 
number  has  been  reduced  to  a  number  deemed 
sufficient  for  the  existing  business. 

It  may  generally  be  found  desirable  to  combine 
the  functions  of  a  transfer  yard  with  those  of  a 
classification  or  switching  yard.  Such  an  arrange- 
ment will  permit  incoming  freight  trains  to  be 
broken  up  at  the  point  at  which  the  steam  loco- 
motive is  uncoupled.  The  full  development  of 
such  a  plan  would  result  in  the  building  of  exten- 
sive freight  yards  for  general  purposes  at  points 
of  transfer.  The  possession  of  such  yards  would 
constitute  an  added  facility  of  great  value  to 
certain  roads,  but  it  can  hardly  be  assumed  that 
such  establishments  are  necessary  adjuncts  to 
electrification.  While,  therefore,  individual  roads 
may  develop  the  transfer  yard,  such  as  is  herein 


provided,  into  a  much  more  extensive  .-irnuigirmcnt 
of  tracks,  the  added  cost  of  such  an  elaboration, 
in  excess  of  that  necessary  for  transfer  pur- 
poses, is  not  included  in  these  estim.v 

The  extent  of  the  new  facilities  in  transfer 
yards,  for  which  the  estimates  provide,  has  been 
based  on  the  minimum  requirements  for  eco- 
nomical operation.  Individual  requirements,  as 
interpreted  by  officials  of  the  various  roads,  may 
involve  material  extensions  to  the  plan  herein 
outlined. 

Plans  upon  which  have  been  based  estimates 
of  the  cost  of  standard  buildings-  required  for 
housing  and  inspecting  multiple-unit  cars  and 
for  machine  shop  purposes,  for  the  care  of  elec- 
tric locomotives,  are  shown  by  figs.  673  to  676, 
inclusive. 

Fig-  673  shows  plan  and  elevations  of  a  standard 
house  for  the  care  of  electric  locomotives  at  a 
location  where  the  facilities  of  a  general  machine 
shop  are  not  available.  Certain  shop  facilities 
are  therefore  to  be  provided  in  this  building. 
Such  a  building  will  be  required  in  locations  where 
provision  is  needed  for  the  care  of  electric  loco- 
motives which  cannot  conveniently  be  taken  to 
the  more  extensive  shops  at  transfer  yards.  An 
example  of  conditions  which  give  rise  to  the  need 
of  such  an  arrangement  is  to  be  seen  in  the 
Garfield  Boulevard  plant  of  the  Pittsburgh,  Fort 
Wayne  &  Chicago  Railway,  from  which,  it  is 
assumed,  the  present  machine  shop  facilities  will 
be  removed  to  the  new  transfer  yard  to  be  pro- 
vided at  Clarke  Junction,  Ind.  Since,  under  the 
plan  of  electrification,  the  Garfield  Boulevard 
Yard  will  be  a  terminal  for  electric  locomotives, 
shop  facilities  for  all  except  the  heavier  repairs 
must  be  provided. 

Fig.  6 74  shows  a  building  for  the  care  of  electric 
locomotives  where  general  machine  shop  facilities 
are  available  in  the  immediate  vicinity.  This 
building  will  serve  to  meet  the  requirements  in 
locations  such  as  the  proposed  Evergreen  Park 
Transfer  Yard  of  the  Grand  Trunk  Western  Rail- 
way. This  yard,  under  the  plan  of  electrification, 
will  have  a  separate  general  machine  shop  for 
the  care  of  both  steam  and  electric  locomotives; 
hence,  provision  for  shop  facilities  will  not  be 
required  in  the  electric  locomotive  house. 

Fig.  675  shows  plan  and  elevations  of  a  standard 
house  for  the  care  of  multiple-unit  cars  which,  in 
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FIG.  673.    STANDARD  HOUSE  FOR  ELECTRIC  LOCOMOTIVES  FOR  USE  WHERE  THE  FACILITIES  OF  A 

GENERAL  MACHINE  SHOP  ARE  NOT  AVAILABLE 
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the  event  of  electrification,  will  be  used  in  subur- 
ban service.  This  building  will  provide  for  two 
trains  of  six  cars  each  and  will  ordinarily  prove 
adequate  for  the  requirements  of  roads  operating 
light  suburban  service.  In  instances  where  this 
standard  house  was  deemed  insufficient,  provision 
was  made  in  the  estimates  for  double  or  triple  the 
capacity  mentioned. 

Fig.  676  shows  plan  and  elevations  of  a  standard 
machine  shop  building  for  use  at  points  where 
new  general  shop  facilities  will  be  required  for 
the  care  of  both  steam  and  electric  locomotives. 
A  building  of  this  character  will  be  required 
at  most  of  the  proposed  transfer  yards.  This 
building  is  to  be  so  constructed  that  a  traveling 
crane  may  be  installed  if  desired 


FIG.  677.  FACILITIES  TO  BE  REMODELED.  View  of  the  Robey  Street 
Yard  of  the  Baltimore  &  Ohio  Chicago  Terminal  Railroad,  near  14th  Place  and 
S.  Robey  Street.  In  the  proposed  plan  of  electrification,  the  construction  of  buildings 
and  tracks  for  the  care  of  electric  equipment  will  be  required  in  this  yard.  Such  con- 
struction will  render  necessary  the  remodeling  of  the  yard. 

Standard  plans  have  also  been  prepared  for 
minor  structures  required  and  these  have  served 
as  a  basis  for  the  estimates  of  cost. 

The  estimates  provide  also  for  machine  shop 
facilities  in  addition  to  those  at  transfer  yards, 
wherever  such  additional  facilities  are  necessary 
to  permit  the  operation  of  the  road  along  lines 
consistent  with  its  present  practice.  In  other 
words,  the  standard  plan  has  been  modified  to 
meet  the  specific  requirements  of  each  railroad. 
Thus,  the  Wabash  Railroad,  under  the  proposed 


plan  of  electrification,  will  be  required  to  main- 
tain yards  and  facilities  at  Clarke  Junction,  Ind., 
and  at  Chicago  Ridge,  111.  In  this  case  two 
plants  will  be  required  instead  of  the  one  plant, 
now  sufficient  under  steam  operation.  This 
change  will  have  been  brought  about  as  a  di- 
rect result  of  electrification,  and  the  cost  of  the 
machinery  required  for  the  new  plant  to  be  estab- 
lished at  Clarke  Junction,  Ind.,  is  included  as 
a  part  of  the  cost  of  electrification. 

Under  the  plan  of  electrification  the  present 
locomotive  terminals  within  the  city  will  be 
eliminated  except  in  so  far  as  they  may  be  re- 
modeled to  serve  in  connection  with  electric 
equipment.  In  remodeling  existing  locomotive 
terminals,  it  is  assumed  that  ground  now  occupied 
by  tracks  and  buildings  used 
directly  in  handling  steam  lo- 
comotives will  be  appropriated 
to  other  useful  purposes  As 
already  noted,  the  buildings 
will,  in  a  considerable  number 
of  cases,  be  made  available  for 
the  care  of  electric  locomotives. 
Examples  of  such  cases  are  to 
be  found  in  the  Robey  Street 
Yard  of  the  Baltimore  &  Ohio 
Chicago  Terminal  Railroad  at 
1 4th  and  Robey  streets,  in  the 
40th  Avenue  Yard  of  the 
Chicago  &  North  Western  Rail- 
way and  in  the  Englewood  Yard 
of  the  Lake  Shore  &  Michigan 
Southern  Railway  at  63d  Street 
and  Indiana  Avenue. 

The   estimates    include   the 
cost  of  land  for  transfer  yards 
and  their  related   facilities    for 
steam   and   electric    equipment. 
Views  of  existing  yards  and  facilities  for  the 
care  of  steam  locomotives  which,  in  the  event  of 
electrification,  may  be  remodeled  or  used  with- 
out change  for  the  care  of  electric  equipment, 
are  shown  by  figs.  677  to  679,  inclusive.    The  cost 
of    such    remodeling,    including    any    additions 
which  may  be  necessary,  has,  in  these  estimates, 
been  charged  against  electrification. 

Related  to  the  steam  locomotive  terminals  are 
two  extensive  railroad  repair  shops.  These  are 
the  Burnside  shops  of  the  Illinois  Central  Railroad 
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at  gsth  Street  and  Cottage 
Grove  Avenue,  and  the  4oth 
Avenue  shops  of  the  Chicago  \- 
North  Western  Railway  at  .joth 
Avenue  (now  Crawford  Avenue) 
and  Kinzie  Street.  Excluding 
the  roundhouses  and  their  ac- 
cessories, which,  it  is  assumed, 
will  be  eliminated  in  the  event 
of  electrification,  these  facilities 
become  merely  extensive  plants 
for  the  care  of  locomotives  and 
cars,  not  differing  from  other  re- 
pair or  manufacturing  plants. 
Hence,  estimates  of  cost  in  the 
cases  of  these  two  roads  are 
based  upon  the  assumption  that 
these  plants  will  continue  in 
their  present  operations.  The 
exceptions  are  made  because  of 
the  extent  of  the  establishments. 
In  all  other  cases  estimates 
provide  for  the  removal  of  shops  to  new  locations. 
In  a  number  of  existing  yards  that  are  to  become 
transfer  points  it  has  been  found  practicable  to 
modify  or  extend  the  present  arrangements  so 
that  tracks  may  be  set  aside  to  provide  storage  for 
trains  awaiting  change  of  motive  power.  Exam- 


FIG.  678.  FACILITIES  TO  BE  REMODELED.  View  in  the  HY  Tower  Yard 
of  the  Chesapeake  &  Ohio  Railway  of  Indiana.  Under  the  proposed  plan  of  electri- 
fication, slight  changes  in  the  track  and  building  arrangement  of  this  yard  will  be 
required.  The  present  engine  house  will  remain  as  shown  and  proper  buildings  for 
electric  locomotives  will  be  added,  together  with  the  necessary  tracks  to  accommodate 
the  new  service. 


pies  of  such  yards  may  be  found  in  the  Godfrey 
Yard  of  the  Chicago,  Milwaukee  &  St.  Paul 
Railway  at  Mannheim,  111. ;  in  the  Hawthorne 
Yard  of  the  Illinois  Central  Railroad  at  Haw- 
thorne, 111. ;  in  the  Gibson  Yard  of  the  Chicago, 
Indiana  &  Southern  Railroad  at  Gibson,  Ind.; 
and  in  the  Hawthorne  Yard 
of  the  Chicago,  Burlington  & 
Quincy  Railroad  at  Hawthorne, 
111. 

There  are  54  yards  within  the 
proposed  limits  of  electric  op- 
eration which  will  require  some 
modification  in  track  arrange- 
ment in  order  to  meet  the  new 
conditions  imposed  by  electrifi- 
cation. Of  this  number,  43  will 
require  changes  in  order  to 
accommodate  electric  locomo- 
tives or  other  electric  equip- 
ment. The  estimates  include 
provision  for  the  construction 
of  1 8  transfer  yards  at  places 
now  without  yard  facilities  of 
any  kind.  For  these  yards  it 
will  be  necessary'  to  construct 
338.0  miles  of  new  track,  of 


FIG.  679.  FACILITIES  TO  BE  REMODELED.  Present  steam  locomotive  en- 
gine house  of  the  Chicago  Short  Line  Railway,  which  will  be  retained  without  change, 
for  the  care  of  electric  locomotives. 
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which  149.4  miles  will  be  equipped  with  contact 
system  for  electric  operation,  while  the  remainder, 
1 88. 6  miles,  will  be  constructed  for  steam  opera 
tion  only. 

The  cost  of  contact  system,  bonding  and  elec- 
tric work  for  the  new  trackage  of  the  transfer 
yards  is  included  in  the  cost  of  the  yards. 

The  cost  of  all  the  principal  buildings  which, 
under  the  procedure  described,  have  been  deter- 
mined  upon  and  included  in  the  estimates,  is 
shown,  by  roads,  in  table  CCCXXXV. 

A  summary  for  each  railroad  of  the  principal 
items  that  go  to  make  up  the  charge  against 
electrification  because  of  such  new  facilities,  in- 
cluding the  overhead  contact  for  new  track,  is 
presented  in  table  CCCXXXYI.  Column  2  of 
table  CCCXXXVI  shows  the  total  of  the  items 
detailed  in  table  CCCXXXV. 

213.096  Estimated  Total  Cost  of  New  Terminal 
Facilities:  The  total  cost  of  the  new  terminal 
facilities  which  must  be  supplied  if  the  Chicago 
terminals  are  electrified  is  based  upon  the  costs 
of  labor  and  material  as  determined  for  the  year 
1912,  extended  in  a  manner  normal  to  these 
estimates  (chapter  212),  the  factors  of  extension 
in  this  case  being  as  follows: 


PER   CENT 

1.  To  cover  growth  in  the  mileage  of  railroads,  at  3 
per  cent  per  annum  for  10  years,  December  3 1 ,  1912, 

to  December  31,  1922 30.0 

2.  Contingencies 20.0 

3.  Engineering,  design,  supervision  and  administration          10.0 

4.  Interest,  insurance  and  taxes  during  construction, 
at  1.75  per  cent  per  annum  for  6  years,  December 

31,  1916,  to  December  31,  1922 10.5 

The  values  thus  derived  may  be  accepted  as  the 
estimated  total  costs  on  the  basis  of  conditions 
obtaining  in  1922.  The  estimated  total  cost,  by 
railroads,  of  the  new  terminal  facilities,  includ- 
ing transfer  yards,  buildings  and  miscellaneous 
equipment,  is  set  forth  by  table  CCCXXXVII. 

ROLLING  EQUIPMENT  TO  BE  RELEASED* 
213.097  General  Considerations :  The  electri- 
fication of  the  railroad  terminals  of  Chicago  will 
result  in  the  elimination  of  the  steam  locomotive 
from  the  tracks  of  the  city  and  its  immediate 
vicinity.  Locomotives  thus  released  may  be  dis- 
posed of.  Similarly,  it  is  assumed  that,  under 
electrification,  all  suburban  business  which  is  con- 
fined to  the  electrified  trackage  will  be  performed 
by  multiple-unit  equipment,  with  the  result  that 


TABLE    CCCXXXVII.     ESTIMATKI)    TO  I,  BY  ROA  , 

MOW  TERMINAL  FACILITIES 
(Dec.  31,  1912) 


llaltimore  A  "In,.  U    I: 


Haltimore  A  Ohio  Chicago  Terminal  H.  H 
Column,  Hammond  A  BonthvMtmi  It   it 


Chcwpeakc  &  Ohio  Itnilwny  of  tn.li  ,n  . 

Chicago  >V  Calumet    HIVIT  l(     U 

Chicago  A  K:i  II    H 


I  .  ;  ,1  I   ..-! 


M.470 


Chicago  A  H    

'li  Western  Ily 

Chicago  A  \\.-M.TII  Imlmlm  It.K  mid  tl»-  Hell  Uy.  of  Chicago 

Chicago,  Burlington  A  (Juincy  H.  H 

Chicago  <  <ii  It    I:        

Chicago,  i  '•'•         

Chicago,  i<    My 

Chicago  '  


149.798 


Chicago,  Milwaukee  A  St.  1'inil  Hy 

Clu,  :.«..  Itiver  A  Indiana  li.  It      

Chicago.  Hock  Inland  A.  I'm -iti.-  I:-. 
Chicago  Short  Line  Hy 

Chicago  I'nion  Transfer  H.v  

Chicago,  West  I'ullnmn  A  Southern  It    It 

Klgin,  .1  rn  Ity  

Grand  Trunk  Western  lt> 

Illinois  Central  It.  H 

Illinois  Northern  Ity 

II:.rl,or  It.-l'    II     I 
Lake  Shore  A  Mu'lntrnn  Southern  Ky  . 

Michigan  Central  R.  R 

Minneapolis  St.  Paul  .V  Saiill  St..    Marie  lt> 
•k.  <' air-  It.  It    

ir.,i|,  It.     H.    H      


li,  Cincinnati,  C  'hieaito  *  St     I 
rntxlmrgh,  Kt    Wayne  it  Chieaeo  lt\ 
Pullman  lt:u]r<>aii 

Wabuh  Rail 
Total    . 


IM.MM 

11,7111 

I.8M 

1V1.SU 

I  V,  |S7 
1.219.244 


I.OM.OM 

I  li i.i.  1 7:i 
J.1III.7.S7 


$.'17.1" 


the  cars  now  in  this  service  will  be  released  for 
other  use.     It  is  the  purpose  of  the  investigation 

reported  in  the  present  chapter  to  determine  tin- 
amount,  the  first  cost  ami  the  value  to  the  mil 
mads  of  all  equipment  thus  released. 

213.098     Locomotives   in   Through  Passenger 
Service  to  be  Released:   As  a  basis  for  determin- 

*• 

ing  the  number  of  locomotives  in  through  passen- 
ger service  to  be  released,  tin  time-table  of  each 
railroad  performing  such  service  has  been  studied, 
and  the  number  and  character  of  schedules  pro- 
tected have  been  determined.  In  addition  to 
schedule  requirements,  a  minimum  allowance  of 
four  hours  at  terminals  has  been  made  to  provide 
for  cleaning,  inspection,  replacing  supplies,  clean- 
ing and  starting  fires,  and  for  necessary  running 
repairs.  Upon  this  basis  it  has  been  shown  that 
350  different  locomotives  are  now  required  daily 
in  operating  through  passenger  service  between 
the  present  Chicago  terminals  and  the  first  division 
points  at  which  locomotives  normally  are  changed. 
The  establishment  of  new  locomotive"  terminals 
at  the  outer  limits  of  electrification  will  shorten 
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the  run  of  steam  locomotives  and  reduce  the  time 
now  consumed  in  service  by  an  amount  equal 
to  that  now  spent  upon  trackage  which  is  to  lie 
electrically  operated.  From  a  study  of  operating 
conditions,  it  has  been  determined  that  approxi- 
mately 2 . 5  hours  per  locomotive  will  be  saved 
daily  by  the  shortening  of  the  steam  locomotive 
runs.  Time  thus  saved  can  be  utilized  in  prepar- 
ing the  locomotive  for  the  return  trip  or  in  pro- 
tecting additional  schedules.  By  assuming  that 
each  locomotive  will  be  available  for  service  16 
hours  in  each  24-hour  period,  the  time  now  con- 
sumed within  the  proposed  electric  limits  becomes 
equal  to  approximately  1 5  per  cent  of  the  available 
working  time  of  the  locomotive.  If  the  flow  of 
traffic  were  uniform,  this  would  reduce  the  num- 
ber of  locomotives  required  by  53.  The  flow  of 
traffic,  however,  is  not  uniform,  the  requirements 
between  midnight  and  8:00  A.M.  and  between 
5  :oo  P.M.  and  n  :oo  P.M.  being  much  greater  than 
between  8:00  A.M.  and  5:00  P.M.  A  detailed 
analysis  of  schedule  requirements  shows  that  the 
introduction  of  electric  operation  will  reduce  by 
37  the  number  of  steam  locomotives  required  to 
perform  the  through  passenger  service. 

213.099  Locomotives  in  Road  Freight  Service 
to  be  Released:    A  study  of  the  requirements  of 
this  service,  as  shown  by  the  hourly  flow  of  traffic, 
has  been  based  upon  reports  furnished  by  the 
railroad  companies.     It  has  been  determined  that 
locomotives  in  freight  service  require  a  minimum 
time  of  4  hours  at  terminals  in  preparation  for 
the  return  run,  and  that  such  locomotives  nor- 
mally  require   8   hours   out   of   each    24   for  in- 
spection, preparation  and  up-keep.     Basing  a  de- 
termination  upon  these  facts,  it  is  shown  that 
there  are  required  244  different  locomotives  for 
daily  road  freight  service  on  divisions  ending  in 
Chicago.     The  time  consumed,  per  locomotive, 
within   the  proposed   limits  of   electrification  is 
approximately  2 . 5  hours  and  the  average  total 
time  in  service  for  these  locomotives  is  approxi- 
mately 14.  5  hours  per  day.     If  the  flow  of  traffic 
were  uniform,  the  introduction  of  electric  opera- 
tion under  the  plans  set  forth  by  the  Committee 
would  release  42  locomotives  in  this  service,  but 
under  conditions  imposed  by  existing  schedules 
the  number  released  will  be  20. 

213.100  Locomotives  and  Coaches  in  Subur- 
ban Passenger  Service  to  be  Released :   All  equip- 


niciit  in  that  portion  ol  suburban  passenger 
service  which  is  confined  to  the  proposed  limits 
of  electrification  will  be  released.  Information 
furnished  in  detail  by  the  railroads  regarding  the 
extent  and  character  of  this  equipment  shows 
that  the  number  of  locomotives  to  !»•  released  is 
151  and  that  the  number  of  suburban  passenger 

COaches  to  lie  relea  led   i  .  742. 

213.101  Locomotives  in  Yard  Service,  Including 
Freight  and  Passenger  Transfer,  to  be  Released : 

The  traffic  flow,  as  measured  in  locomotive-hours, 
in  this  service  has  been  determine?  1  from  reports 
furnished  by  the  railroads.  It  has  been  assumed 
that  a  steam  locomotive  in  yard  and  transfer 
service  is  available  for  use  for  16  hours  in  each 
24-hour  period.  Diagrams  have  been  prepared 
showing  the  number  of  locomotives  required  in 
this  service  by  each  road  during  each  hour  of 
the  day.  From  these  diagrams  the  number  of 
locomotives  required  to  perform  the  whole  ser- 
vice of  the  road  has  been  determined.  An  illus- 
tration of  a  typical  diagram  is  presented  as 
fig.  680. 

The  diagram  shows  that  between  midnight  and 
i  :oo  A.M.  there  were  required  58  locomotives  to 
perform  the  service.  The  upper  portion  of  the 
diagram  indicates  that  the  service  during  this 
hour  was  supplied  by  30  locomotives,  which  began 
work  at  midnight  and  continued  in  service  until 
4:00  P.M.;  by  20  locomotives,  which  began  work 
at  4:00  o'clock  the  previous  afternoon  and  con- 
tinued in  service  until  8  :oo  A.M.  ;  by  i  locomotive, 
which  was  ready  for  service  at  2  :oo  o'clock  the 
previous  afternoon,  worked  intermittently  until 
midnight  and  went  out  of  service  at  6:00  A.M.; 
by  2  locomotives,  which  began  work  at  2:00  P.M. 
the  previous  day,  worked  intermittently  during 
the  afternoon  and  went,  out  of  service  at  6:00 
A.M.;  and  by  5  locomotives  (2  and  3  by  the 
diagram),  which  began  work  at  9:00  o'clock  the 
preceding  morning  and  went  out  of  service  at 
i  :oo  A.M.  Thus  it  is  shown  that  58  locomotives 
were  in  service  from  the  hour  of  1 2 :  oo  midnight 
to  i :oo  A.M. 

To  the  number  of  locomotives  thus  determined, 
an  addition  of  approximately  10  per  cent  has 
been  made  to  cover  units  out  of  service  and  to 
provide  for  exigencies,  the  actual  addition,  as 
shown  by  a  summarization  of  the  results  for  all 
roads,  amounting  to  8.5  per  cent. 
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FIG.  680.    NUMBER  OF  STEAM  LOCOMOTIVE-HOURS  OF  SERVICE  AND  NUMBER  OF  STEAM  LOCOMOTIVES 

REQUIRED  TO  PERFORM  THE  YARD,  FREIGHT  TRANSFER  AND  PASSENGER  TRANSFER 

SERVICES  OF  THE  CHICAGO  &  NORTH  WESTERN  RAILWAY 
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By  this  process  it  has  been  determined  that, 
on  tracks  to  be  electrified,  140  locomotives  are 
now  required  for  transfer  service  and  6 1 2  for  yard 
service,  all  of  which  will  be  released. 

213.102  Summary  of  Rolling  Equipment  to 
be  Released:  Summarizing  the  preceding  state- 
ments, the  effect  of  electrification,  if  carried  out 
under  the  plans  outlined,  will  be  to  release  from 
service  rolling  equipment  to  the  extent  indicated, 
by  services,  in  table  CCCXXXVIII. 

TABLE  CCCXXXVIII.    SUMMARY  OF  RELEASED  ROLLING  EQUIP- 
MENT. BY  SERVICES 
(Basis  of  1012) 


Item 

No. 

37 
20 
1A1 

140 
612 
742 

213.103  First  Cost  of  Locomotives  to  be  Re- 
leased :  The  locomotive  equipment  of  the  several 
roads  now  performing  the  service  of  the  Chicago 
terminals  varies  greatly  in  character.  It  was 
found  impracticable  to  select  from  among  the 
locomotives  now  in  service  those  which  would 
be  released  in  the  event  of  electrification.  A 
determination  of  the  number  released  does  not 
in  itself  fix  the  type.  In  approaching  this  prob- 
lem, therefore,  no  attempt  has  been  made  to  in- 
dividualize locomotives.  The  process  adopted 
has  been  that  of  reducing  the  characteristics  of 
all  locomotives  now  employed  in  a  given  service 
to  those  of  the  average  locomotive  employed  in 
that  service.  For  example,  the  average  weight 
of  all  locomotives  now  performing  a  given  service 
in  the  Chicago  terminals  is  assumed  to  be  the 
weight  of  the  typical  locomotive  in  that  service. 
The  weight  of  the  typical  locomotive  for  each  of 
the  five  classes  of  locomotives  involved  is  set 
forth  by  table  CCCXXXIX. 

TABLE  CCCXXXIX.   WEIGHT  OF  TYPICAL  STEAM  LOCOMOTIVES 

IN  DIFFERENT  SERVICES 

(Basis  of  1912) 


defined.  The  widest  departure  from  the  facts 
which  this  assumption  involves  is  in  the  case  of 
suburban  passenger  service.  In  this  service  cer- 
tain roads  use  locomotives  which  are  lighter,  and 
certain  other  roads  locomotives  which  are  heavier, 
than  the  typical  locomotives.  Estimates  of  cost, 
therefore,  based  on  the  typical  locomotives,  will 
result  in  an  overestimate  of  the  value  of  suburban 
locomotives  for  certain  roads  and  an  underestimate 
for  others,  but  the  results  for  the  whole  terminal 
will  be  substantially  correct. 

Estimates  of  the  first  cost  of  locomotives 
possessing  the  characteristics  which  have  been 
set  forth,  were  made  up  after  consultation  with 
locomotive  builders.  These  are  presented  by 
table  CCCXL. 

TABLE  CCCXL.     ESTIMATED  FIRST  COSTS  OP  TYPICAL  STEAM 

LOCOMOTIVES   FOR    DIFFERENT  SERVICES 

(Basis  of  1919) 


Service 

Average 
Weight 
on 
Drivers 
Lb. 

Average 
Total 
Weignt 

1  1  4.IHK) 

314.OOO 

1110,000 

324  .(XX) 

ItiO.OOO 

324,01  H> 

l:C>,(KK) 

20H.OOO 

Suburban  passenger  locomotives  

91,000 

--'..  

Service 

COM 

$1*  •>*• 

i  -    M  •  . 

15.5OO 

13.000 

Suburban  naRwnirer  locomotive*   .  . 

12.500 

By  this  process,  it  is  assumed  that  all  roads  are 
performing  a  given  service  with  locomotives  the 
average  of  which  will  be  represented  by  the  type 


213.104  First  Cost  of  Passenger  Coaches  to 
be  Released :    The  number  of  suburban  passenger 
coaches  to  be  released  in  the  event  of  electrifi- 
cation having  been  determined  (section  213.102), 
their  first  cost  has  been  estimated  from  statistics 
furnished  by  the  owning  roads  or  from  quotations 
supplied  by  builders  of  such  equipment,  the  latter 
being  accepted   as  representing  the  cost,  under 
present-day  conditions,  of  new  cars  of  the  same 
general  type  as  those  now  existing.     The  values 
supplied  by  the  railroad  companies  were  generally 
in  excess  of  those  given  by  the  car  builders.     A 
review  of  all  the  facts  resulted  in  fixing  the  first 
cost  of  the  average  coach  now  used  in  suburban 
passenger  service  at  $5,200. 

213.105  Total  Amount  of   Initial  Investment 
in  Locomotives  and   Coaches  to  be  Released: 
The  estimated  first  cost  of  locomotives  and  coaches 
to  be  released  in  the  event  of  electrification  has 
been  determined,  by  roads,  upon  the  basis  of  the 
unit  first  costs  and  the  number  of  locomotives 
and  coaches  of  each  class  to  be  released  by  each 
road  (section  213.102).     The  values  thus  derived 
represent  the  estimated  first  cost  of  such  equip- 
ment by  roads  on   the  basis  of  the  conditions 
existing  in   1912.     These  values  are  set  forth  in 
table  CCCXLI. 
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TABLE  CCCXLI.     ESTIMATED  FIRST  COST  OF  ROLLING  EQUIP- 
MENT TO  BE  RELEASED,  BY  ROADS 
(Basis  of  ion) 


Kailt.,,,.1 


Atcbison,  Topcka  A  Santa  Fe  Ky 

H:dtlliiori-  iV   <  >lil"   K.    K 

Baltilnoir  ,V  I  Mm.  (  'hi. •:it-ii    I  .  ninn:il  l(.  1{ 
CalumH ,  Iliiimiiond  .V  Southeastern  K.  It 

i*-ake  A  ( >hio  Ry.  of  Indiana 

jo  .V    Mini,  ii    H' 

ChiriiKii  >V  Calumet  River  H.  K 

a  Illinois  H.  H 


,v  Kric  K.  K    

.v  North  \\ VIIITII  liy  

Chicago*  Western  Indiana  KK.  and  the  Beit  Ry.  of  Chicago 
Chicago,  Burlington  A  Quincy  R.  R 

Chicago  Qraal   v><  -ii-rn  H.  H      

Chicago,  Indiana  A  Southern  R.  R 

Indi:in:ti»>lis  A  Louisville  Ry 

Chicago  Junction  Ky 


First  Co«t 


• 

JIMI.IHKI 

•< 

I6JOO 

I   ..... 
-,    ,„ 

49.500 

,.,.., 


Chicago,  Milwaukee  A  St.  Paul  Ry. 
Chicago  River  A  Indiana  R.  R.'.  . . 
Cliii-iKM.  Hock  Island  A  Pacific  Ry. 
Chicago  Short  Line  Ry 


1S..VN) 

.. 

.       ' 


' 


Chicago  I'nion  Transfer  Ky  + 

West  Pullman  A  Southern  R.  R . 

Klgin.  Joliet  *  Kastcrn  Ky 

Grand  Trunk  Western  Ry 


Illinois  Central  R.  R 

Illinois  Northern  Ky 

Indiana  Harbor  Belt  K.  K 

Lake  Shore  A  Michigan  Southern  Ry 

Michigan  (Vnlral  K.  K 

Minneaimlis.  St.  Paul  A  Sault  Ste.  Marie  Ry. 
New  York.  Chicago  A  St.  Louis  R.  R 

Per.'  M:ir. incite  K.  R 


571.600 

1:1:1  .IM»  i 

1  .I.7S.800 

91.OOO 

91.000 

928,100 


Pittsburgh.  Cinrinniiti.  Chicago  A  St.  Louis  Ry. 
Pittsburgh.  Fort  Wayne  A  Chicago  Kv 

Pullman  Kailroad 

Wahash  Railroad  .  . 


KM  .000 
124.500 

.VV4.mil  I 

65,000 
316.000 


Total 


*  Included  in  the  Chicago  Junction  Ry. 

t  Included  in  the  Chicago  ft  Western  Indiana  R.  R. 

The  estimated  first  cost  of  rolling  equipment  to 
be  released,  segregated  by  classes  of  equipment, 
is  shown  by  table  CCCXLII. 

TABLE    CCCXLII.     TOTAL    FIRST    COST    OP    ROLLING     EO.UIP- 

MENT  TO  BE  RELEASED.  BY  CLASSES  OF  EO.UIPMEXT 

(Basis  of  1912) 


Clous  of  Equipment 

\ 

l-nil 
Cort 

Total 
Cost 

1 

a 

3 

4 

Through  passenger  locomotives  

37 

»1-  '<KI 

t   I'M  .V«l 

20 

IH  500 

1  HI 

15  5OO 

2  170000 

612 

1H  (MX) 

7  95ti  OIK) 

151 

12  500 

742 

5  200 

.    .   . 

Total  

fl6.fi-1' 

The  number  of  locomotives  and  coaches  to  be 
released  will  increase  as  the  business  of  the  termi- 
nals increases.  The  estimates  of  the  first  cost  of 
released  rolling  equipment  have  been  extended  in 
the  manner  normal  to  these  estimates  (chapter 
212),  the  factor  of  extension  in  this  case  being 
as  follows : 

PER    CENT 

To  cover  growth  at  3  per  cent  per  annum  for  7  years, 

December  31,  1912,  to  December  31,  1919      ...  21   o 


In  the  change  from  steam  to  electric  operation 
under  the  plans  of  the  Commitu-i-,  it  is  assumed 
that  the  change  of  motive  power  will  be  made 
gradually  as  certain  railroads  or  certain  services 
of  individual  roads  become  equipped  for  the  re- 
ception of  the  new  method  of  operation.  Some 
of  the  changes  will  be  made  early  in  the  construc- 
tion period;  others,  not  until  the  completion  of 
the  entire  work.  For  this  reason,  it  is  assumed 
that  no  new  steam  equipment  will  be  required 
after  the  end  of  the  year  1919. 

The  values  thus  derived  may  be  accepted  as 
the  estimated  first  cost  of  the  rolling  equipment 
to  be  released  in  1922.  These  estimates  are  set 
forth,  by  roads,  in  table  CCCXLII  I 

TABLE  CCCXI.III.     ESTIMATED  FIRST  COST  OF  ROLLING  i 
MENT   TO  BE  RELEASED.  BY  ROADS 
(Dec.  31,  1QJ2) 


Va  A  Sanlu  ! 

llaltllin.r.-  A  I'tiio  K     K  

Bultiln.  IVrmiiml  11.  I! 

('ahum  '  '  m  K.  K 

Chesapeake  A  Ohio  Kv    of  Indiana. . . 

Chicago  A  Alti.h  UK  

Chicago  A  Calumet   Kivn  K.  K      .  

Chicago  A  Eastern  Illinois  K.  It     

Chicago  A  Erie  K    K  

Chicago  A  North  Western  Ky 

1-xlianaK  .11 .  aniltlK  H,  It  Ky  of  Chicago 
Chicago.  Burlington  A  Quim-y  K.  K 

Chicago  Grent  \\  .  -I.  ri,  K    K 

in  Ii    K  

Chicago.  Indianapolis  A  Louisville  Ky 

Chicago  Junction  Ky 


Milwaukee  A  St.  Paul  Ry. 

.\   Indiana  1. 

1  A  Pacific  Ry. 
Chicago  Short  Line  Ky    


I'D  I'nion  Transfer  Ky  t 
Chicago.  West  Pullman  A  Southern  R.  R. 
P.lgin.  Joliet  A  Kaxtcrn  Kv 
Grand  Trunk  Western  Ry 


Ural  R.  R 





.V  MK  higan  Southern  Ry  . 


Michigan  Central  K    K  

Miimi-armli!,.  Si    Paul  A  Ssult  Ste.  Marie  Ry 

NVw  York.  Chi. -ago  A  St    Ix>ui«  H.  R 

IVrr  Mar'iuclli-  K    K 


Pittsburgh.  Cincinnati.  Chicago  A  St.  Louis  Ry. 
Pittsburgh.  Fort  Wayne  A  Chicago  Ry 

Pullman  Railroad 

Wabash  Railroad . . . 


Total 


First 

f  :il5.20A 
475,530 

191,785 
4,7112.5*1 


. 
11,290 

147.620 
1.598,168 


:  .".  l« 
I]  M 


157,300 
'••:  iU 
160,930 

2.031,348 
mi.  1111 
110,110 

1,123,001 

402.9.10 
LSI  MO 

261.360 
150.645 

670,340 
:  •  ;  V- 
7.  500 

81  M 


•  Included  in  the  Chicago  Junction  Ry. 

t  Included  in  the  Chicago  ft  Western  Indiana  R.  R. 

213.106  Estimated  Release  Value  of  Locomo- 
tives: In  determining  the  release  value  of  loco- 
motives the  problem  was  approached  from  several 
points  of  view: 

i.  Dealers  in  second-hand  locomotives  wore 
consulted  and  estimates  were  made  of  the  present 
selling  value  of  the  typical  locomotives  involved. 


ESTIMATED  COST  OF  COMPLETE  ELECTRIFICATION 


a.  The  owning  railroads  were  requested  to  fur- 
nish a  statement  of  present   values. 

3.  An  estimate  was  made  on  the  basis  of 
first  cost  less  a  4  per  cent  annual  depreciation 
charge,  assuming  that  all  locomotives,  except 
road  freight  and  suburban  locomotives,  were  10 
years  old,  that  the  road  freight  locomotivt 
9  years  old  and  that  the  suburban  passenger 
locomotives  were  15  years  old,  these  assumptions 
being  fairly  representative  of  the  facts. 

In  analyzing  results  thus  determined,  it  was 
found  that  estimates  submitted  by  second-hand 
dealers  were  based  entirely  upon  the  demand  for 
such  equipment;  that  there  was  little  demand 
for  second-hand  passenger  locomotives  and  prac- 
tically none  for  suburban  passenger  locomotives, 
while  switching  and  freight  locomotives  were 
more  readily  salable.  The  estimates  of  the 
railroad  companies  represented  present  values 
based  upon  various  systems  of  accounting.  An 
estimate  based  upon  first  cost,  4  per  cent  de- 
preciation and  an  assumed  age,  gave  results  gen- 
erally lower  than  those  quoted  by  the  railroads 
and  much  higher  than  those  proposed  by  the 
dealers  in  second-hand  materials.  It  is  clear 
that  some  of  the  equipment  will  have  little  more 
than  scrap  value,  while  other  equipment  will  be 
capable  of  performing  elsewhere  the  highest 
class  of  service  required  in  steam  railroad  opera- 
tion. Taking  all  the  facts  into  account,  unit 
release  values  have  been  determined  as  presented 
by  table  CCCXLIV. 

TABLE    CCCXLIV.      ESTIMATED    UNIT    RELEASE    VALUES    OF 
LOCOMOTIVES  IN  DIFFERENT  SERVICES 
(Basis  of   1912) 


Service 


Through  passenger  locomotives .  . 

Road  freight  locomotives 

Transfer  locomotives 

Yard  locomotives 

Suburban  passenger  locomotives . 


Estimated 

Unit  Release 

Value 


$11,000 
12.000 
0,300 
7,800 
5,000 


213.107    Estimated  Release  Value  of  Coaches: 

The  release  value  of  coaches  in  suburban  passen- 
ger service  on  the  Chicago  terminals  was  deter- 
mined by  a  process  similar  to  that  employed  in 
determining  the  release  value  of  locomotives. 
Many  of  the  cars  used  in  this  service  are  old,  on 
the  average  not  far  from  20  years.  A  road  per- 
forming important  suburban  service  has  cars, 
the  first  cost  of  which  averaged  $5,318,  which 
value,  in  the  process  of  accounting,  has  been 
depreciated  to  $4,183.  It  is  believed  that  if 
these  cars  were  taken  out  of  their  present  service 


they  wmild  not  be  suitable  for  use  elsewhere.  If 
sold  or  scrapped  they  would  bring  an  average 
return  of  approximately  $400  per  car.  Another 
road  estimates  the  value  of  its  suburban  cars,  if 
taken  from  existing  service,  as  low  as  $735. 
The  chief  difficulty  in  disposing  of  equipment  of 
this  class  arises  from  the  fact  that  much  of  it  is 
too  light  for  general  use  in  trains  with  other 
equipment.  It  is  serviceable  only  when  it  can 
be  segregated.  Taking  all  the  facts  into  ac- 
count, it  has  been  assumed  that  $500  per  car 
represents  a  fair  average  release  value  for  such 
equipment. 

213.108  Total  Estimated  Release  Value  of 
Locomotives  and  Cars:  The  estimated  release 
value  of  locomotives  and  cars  was  determined,  by 
roads,  upon  the  basis  of  the  unit  release  values 
and  the  number  of  locomotives  and  cars  of  each 
class  to  be  released  by  each  road  (section  213.102). 
The  values  thus  derived  represent  the  estimated 
release  value  of  such  equipment  on  the  basis  of 
the  conditions  existing  in  1912.  These  values  are 
set  forth  in  table  CCCXLV. 


TABLE    CCCXLV. 


ESTIMATED    RELEASE    VALUE    OF    ROLLING 
EQUIPMENT.    BY   ROADS 
(Basis  of  igia) 


Railroad 


!. 

Value 


Atchison.  Topeka  A  Santa  Fe  Ry 

Baltimore  A  Ohio  R.  R 

Baltimore  A  Ohio  Chicago  Terminal  R.  H  . 
Calumet,  Hammond  &  Southeastern  R.  R . 

Chesapeake  &  Ohio  Ry.  of  Indiana 

Chicago  A  Alton  R.  R 

Chicago  A  Calumet  River  R.  R 

Chicago  &  Eastern  Illinois  lilt 


Chicago  &  Erie  R.  R 

Chicago  A  North  Western  Ry 

Chicago  A  Western  Indiana  R.  R.  and  the  Brit  Ry.  of  Chicago 
Chicago,  Burlington  A  Quincy  R.  R 

Chicago  Great  Western  R.  R 

Chicago,  Indiana  A  Southern  R.  R 

Chicago,  Indianapolis  A  Louisville  Ry 

Chicago  Junction  Ry 


Chicago,  Milwaukee  A  St.  Paul  Ry 
Chicago  River  A  Indiana  R.  R.  *.  .  . 
Chicago.  Rock  Island  A  Pacific  Ry . 
Chicago  Short  Line  Ry 


Chicago  Union  Transfer  Ry  t 

Chicago,  West  Pullman  A  Southern  R.  R 

Elgin,  Joliet  A  Eastern  Ry 

Grand  Trunk  Western  Ry 


Illinois  Central  R.  R 

Illinois   Northern   Ry 

Indiana  Harbor  Belt  R.  R 

Lake  Shore  A  Michigan  Southern  Ry   

Michigan  Central  R.  R 

Minneapolis,  St.  Paul  A  Sault  8te.  Marie  Ry . 

New  York,  Chicago  A  St.  I-ouis  R.  R 

Pere  Marquette  R.  R 


Pittsburgh,  Cincinnati.  Chicago  A  St.  Loui*  Ry . 

Pittsburgh.  Fort  Wayne  A  Chicago  Ry 

Pullman  Railroad 

Wabash  Railroad   .  . 


$   1M   «• 
125.300 

23,400 

27.900 
149.600 
31.200 
95.000 

29  600 
•   IO2.0O 

i  .:  m 

443.200 

73.200 

1 2.000 

53.000 

390.000 

761.100 

331,666 

:'.  •  • 


78.000 

342.900 

79.000 

MJO 

54.600 

-  I  ••• 
,  ,    , 

U     ... 

n  n 

130.400 
74.700 

334.100 

437.900 
39.001) 
10O.7OO 


Total  !     »7.84*.flOO 

*  Included  in  the  estimates  for  the  Chicago  Junction  Ry. 

t  Included  in  the  estimates  for  the  Chicago  ft  Western  Indiana  R.  R. 
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The  estimated  release  value  of  rolling  equip- 
ment, segregated  by  classes  of  equipment,  is 
shown  by  table  CCCXLVI. 


TABLE  CCCXLVI. 


RELEASE  VALUE  OF   ROLLING   EQUIPMENT. 
BY  CLASSES 
(Basis  of  1912) 


K.inipment 

Nt». 

fnit 
Value 

Total 

1 

a 

:i 

4 

Through  pawengrr  l.ii-onintivrs          

:I7 
2O 

$11.  mm 

IJ.IHXI 

$      4II7.KKI 
.MII.IKKI 

140 

'.i.:tm 

l.:tiK!.m>n 

612 

7.MXI 

4.77:1.1.01 

151 

:,.(KKI 

7.v,.(K»i 

Suburban  piuwngcr  rare  

742 

.VMI 

:!71.iKKi 

T,)tHl 

$7.x4s.li(in 

The  number  of  locomotives  and  cars  to  be 
released  will  increase  as  the  business  of  the  ter- 
minals increases.  The  estimates  of  release  value 
of  rolling  equipment  have  been  extended  in  a 
manner  normal  to  these  estimates  (section  212), 
the  factor  of  extension  in  this  case  being  as 
follows: 

PER   CENT 

To  cover  growth,  at  3  per  cent  per  annum  for  7  years, 

December  31,  1912,  to  December  31,  1919        .     .     .         2l.o 

The  values  thus  derived  may  be  accepted  as  the 
estimated  release  value  of  the  rolling  equipment 
involved,  in  1922.  These  estimates  are  set  forth 
by  roads  in  table  CCCXLVI  I. 

A  SUMMARY  OF  THE  PRECEDING  SEC- 
TIONS RELATING  TO  INSTALLA- 
TION COSTS 

213.109  The  Items  of  Cost:  The  several 
items  under  which  the  cost  of  electrification  has 
been  set  forth  are  given  in  table  CCCXLVI  1 1. 
These  values  are  subject  to  limitations  which, 
while  already  set  forth  in  detail,  may  be 
briefly  reviewed  here.  They  cover  the  equipment 
necessary  for  the  electric  operation  of  a  definite 
extent  of  trackage  and  traffic,  and  the  require- 
ments incident  to  the  growth  in  the  extent  of  this 
trackage  and  traffic  up  to  December  31,  1922. 
They  include  only  such  changes  in  the  facilities 
existing  in  1912  as  are  essential  to  the  admission 
of  the  new  equipment  and  the  new  operating 
procedure,  and  they  are  based  upon  the  assump- 
tion that  the  facilities  for  the  generation  and 
transmission  of  electric  energy  will  be  developed 
as  a  single  system  for  the  joint  use  of  all  roads. 
There  is,  however,  nothing  in  the  plan  which 
requires  the  joint  operation  of  trains  or  the  joint 
use  of  tracks  to  a  greater  extent  than  at  present. 


TABLE  CCCXLVII.     ESTIMATED   RELEASE  VALUE  OF   ROLLING 

EQUIPMENT.  BY  ROADS.  WHICH  WILL  BE  DISPLACED 

IN  THE  EVENT  OF  ELECTRIFICATION 

(Dec.  31.  19") 


i :  .  • '  •    id 


Atrhiiion.  Topeka  A  S«nta  Kc  Ry 

Italtmiori-  A-  nhi.i  I!    It 

!iMtiMi..r.-  A  Ohio Chiouo Terminal  II    H 

Cnlum.-t.  ll:iliin>i>ii.l  A-  MUtlMMlMB  It-   H 

Chewpeake  4  Ohio  Hy.  of  Indiana 
Chiraco  A  All.. i.  H    H 
Chi.-aco  *  Calumet  River  It    H 
Chicago  A  Eaxtern  lllim»i»  If    II         


!:.  ..  w 


*  r.u.ivi 
161.613 
284 ,9M 


Kne  H    H  

China*. >  *   North  W...1.  rn   Ity  

Chi.  nil..  A  «. -t.  t»  In.liriim  It    It  nii.lth"  ll.li  Ity  . .( Chicago 
,iii.,  Burlington  A  yuiney  It    It  

It    It  

<  'lii.-nu...  Indiana  A  Southern  It    It  

.it...  I ndianapolu  A  lx>ui»vill<   Ity         

.«..  Jiuirtion  Ry 


181,010 

1  I..V.'(I 

64,130 

47I.WM 


Chi.-nico.  Milwaukee  A  SI.  Paul  liv 
Cturaio  Ilivrr  A  Indiana  II.  It    ' 
Chiraco.  Rork  Inland  A  Pacific  H\ 
Chicaco  Sh..rl  Line  Ity 


.no  l'nii»n  Trnnafer  Ky  *  

Chirnn".  W.-t   I'ntlii'in  A-  Sniiihi  rn  II    II 

Kliim,  Johet  A  Ka-l.Tii  Ilv  

Cirand  Trunk  Wntrrn  Ky 


Illinois  Central  R.  R 

Illinow  North,  rn  lt> 

Indiana  Harbor  H,  it  It    It 

Ijiki-  Shore  A  Mi.-hiKiin  .-...j.l,. n,  |{\ 


is  ,s7>. 

'.i  MO 

in 


Mirhican  C.-nlrsl  It    II 

Minnrapolu.  St    Paul  A  Sault  Sir    M:.n.-  Ky 

..rk,  C'hirano*  Si.  I....M-  II    It 
Pere  MariiuetK-  It    It  


1'in-lMirith.  Cm.  innali.  Chu  aim  A  St.  l.miii.  Ry.  .  .  . 
I'lll-liurnh.  K.>n   Wn\tif  A-  Cln.-nit.i  li\ 
Ptillmnn  Kailroad 
Wabaah  Kailnwl 

Total 

•  Included  in  the  Chicago  Junction  Ry. 
t  Included  in  the  Chicago  A  Wmtern  Indiana  R.  R. 


m  M 



171,416 
241,616 

I.-.7.7M 

I'M  .'..I 
17   190 

$9.49li.smi 


The  values  given  do  not  cover  any  general  revis- 
ion of  the  railroad  terminal  establishment  as  it 
existed  in  1912.  The  basis  thus  defined,  under- 
lying the  values  presented  in  table  CCCXLVIII, 
may  be  accepted  as  that  of  minimum  cost.  If 
it  should  transpire  that,  in  the  later  development 
of  the  problem,  the  plan  outlined  should  prove 
unsatisfactory,  and  if  the  electrification  of  Chi- 
cago's railroad  terminals  should  proceed  as  a 
series  of  individual  undertakings,  each  covering 
the  requirements  of  a  single  road,  the  service  of 
the  terminal  would  involve  lower  load  factors, 
requiring  greater  total  capacity  of  generating 
and  transmission  equipment  and,  consequently, 
greater  costs  for  these  items  than  those  set 
forth  by  table  CCCXLVIII. 

The  items  presented  in  table  CCCXLVIII 
cover  the  installation  cost  of  a  2, 400- volt  direct 
current  system  and  of  an  n,ooo-volt  alternat- 
ing current  system.  The  cost  of  a  6oo-volt 
direct  current  system  (third  rail),  and  a  sum- 
mary of  costs  for  the  three  different  systems 
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of   electrification,   will   be    hereinafter  set    forth 
(section   213.137). 

TABLE    CCCXI.VIII.     SUMMARY    OF  ITEMS  COVERING    INSTAL- 
LATION COSTS  INCIDENT  TO  THE    ELECTRIFICATION   OP  THE 
CHICAGO  RAILROAD  TERM  IN 
(Dec.  .11.  IOJJ) 


Item 

2,400 
D.  C. 

1 

1 

:t 

$1021.1  458 

$10  302  IO4 

1  :n 

1  (118*093 

•'  tr'4  73fi 

t  :."••  "s;, 

;t;i  xM~>  '»7ii 

•>s  n  1   IHX 

1  071  MSM 

I.I  171  MVt 

6  i" 

4    1C.  Hit 

Prt-vi'iition  of  inductive  effects  and  electrolysis 

0 

272  0.12 

WMI.727 
272  O52 

Electric  locomotives,  multiple-unit  equipment. 

84,003,395 

91  703  557 

f>02  725 

i  -*  '.  ;  i  ; 

s;u  -Til 

•*  ;i    '-,', 

2  028  007 

2  028  007 

6,993  919 

6111  4O7 

Removal  and  re-establishment  of  steam  loro- 
motive  terminals: 
a.  Cost  of  transferring  machinery.  .  .  $96,383 
rV   New  steam  locomotive  terminals 
and  transfer  yards                          $37,197,363 

37  293  740 

;i7  ->«t:i  74ft 

r,..,u 

$1S7,!M)2,916 

THE  INDETERMINATE  COSTS  OF 
ELECTRIFICATION 

213.110  Capital  Requirements  as  Affected  by 
Modifications    of    the    Committee's    Plan:     The 

Committee's  estimates  of  cost  as  already  presented 
are  based  upon  a  definite  program  of  procedure 
(chapter  212).  The  estimates  may  be  expected 
to  work  out  in  practice  only  in  so  far  as  the  pro- 
cedure assumed  is  followed.  The  procedure  has 
been  designedly  chosen  to  give  results  which  may 
be  accepted  as  those  of  minimum  cost. 

213.111  Capital  Requirements  as  Affected  by 
the  Extent  of  the  Plan:     In  determining  the  ex- 
tent of  trackage  to  be  electrified,  the  Committee's 
plan   (section  209.10)  has  been  based  upon  the 
conception  that  electrification  is  proposed  as  a 
means  in  smoke  abatement.     The  plan  provides 
for  the  electrification  of  all  tracks  within  the  city 
and  the  termination  of  such  electrification  as  soon 
as  practicable  beyond  the  limits  of  the  city;  it 
gives  due  consideration  to  existing  operating  re- 
quirements, but  it  is  nevertheless  a  minimum  plan. 

The  railroad  official  who  reviews  the  work  of 
the  Committee  will  probably  feel  that,  if  electri- 
fication is  imposed,  the  extent  of  trackage  affected 
should  be  determined  from  considerations  which 
are  the  outgrowth  of  operating  conditions,  where- 
as the  Committee  has  sought  to  deal  with  the 
minimum  trackage  consistent  with  reasonable 
operating  requirements.  The  two  views  are  not 
necessarily  antagonistic.  Their  existence,  how- 


ever, may  prevent  perfect  agreement  with  refer- 
ence to  many  matters  of  detail. 

For  example,  in  fixing  the  limits  to  be  observed 
by  the  Chicago,  Burlington  &  Quincy  Railroad, 
the  Committee  has  specified  complete  electri- 
fication to  a  point  (Hawthorne)  6.8  miles  from 
the  Union  Station,  and  partial  electrification  to 
provide  for  suburban  service  only  to  a  point 
(Downers  Grove)  which  is  21.3  miles  from  the 
Union  Station.  There  are  eight  daily  suburban 
trains  each  way  passing  through  this  outer  point, 
and  under  the  Committee's  plan  these  trains  will 
change  locomotives  at  the  transfer  point.  In  re- 
viewing the  work  of  the  Committee,  the  officers 
of  this  road  have  reached  the  conclusion  that,  if 
they  were  required  to  electrify,  they  would  pro- 
vide for  the  electric  operation  of  freight  service 
to  a  point  (Eola)  33.4  miles  from  Chicago  and  for 
suburban  service  to  a  point  (Aurora)  37.4  miles 
from  the  Union  Station.  That  is,  the  officials 
of  the  road  believe  it  would  be  impracticable  to 
electrify  unless  they  were  to  proceed  by  a  plan 
far  more  comprehensive  than  that  which  has 
formed  the  basis  of  the  Committee's  estimates  of 
costs.  Again,  the  Committee's  plan  provides  an 
overhead  contact  system  sufficient  for  existing 
tracks.  The  officials  of  the  railroad  assume  that 
parts  of  their  route  will  soon  require  additional 
tracks,  and  if  they  were  to  electrify  they  would 
make  the  cross-span  of  their  overhead  structures 
sufficient  to  provide  for  these  anticipated  addi- 
tions to  the  existing  establishment. 

Similarly,  the  officials  of  the  Pennsylvania 
Lines  West  of  Pittsburgh  believe  it  is  necessary, 
in  the  event  of  electrification,  to  extend  the  main 
track  electrification  of  the  Pittsburgh,  Fort  Wayne 
&  Chicago  Railway  to  Hobart,  Ind.,  33 .  i  miles 
from  the  Union  Station  and  approximately  10 
miles  beyond  Clarke,  Ind.,  the  limit  fixed  by  the 
Committee's  plan.  The  management  feels  also 
that  electrification  will  require  the  separation 
of  grades  wherever  their  lines  are  crossed  by 
trolley  lines  of  traction  companies.  This  will 
require  the  elevation  of  their  tracks  through 
Gary,  Ind. 

For  the  Chicago  &  North  Western  Railway, 
the  Committee's  plan  provides  for  electrification 
to  Waukegan,  Niles  Center,  Desplaines  and  Elm- 
hurst.  The  officers  of  the  road  report,  as  a  result 
of  their  study  of  the  Committee's  plan,  that  in 
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the  event  of  electrification  they  would  prefer  to 
make  material  extensions  of  this  plan,  name- 
ly, to  electrify  from  Niles  Center  to  Lake  Bluff, 
19.6  miles,  from  Desplaines  to  Crystal  Lake,  26.3 
miles,  and  from  Elmhurst  to  West  Chicago,  14.2 
miles,  and  also  to  construct  •  and  electrify  two 
additional  tracks  between  Elmhurst  and  West 
Chicago. 

It  is  evident,  therefore,  that,  if  electrification 
should  be  entered  upon  by  any  individual  road 
or  by  all  the  roads  entering  the  city  of  Chicago, 
some  one,  or  all,  would  elect  to  extend  electric 
operation  beyond  the  limits  which  have  been 
fixed  by  the  Committee,  and  that  by  so  doing 
their  installation  costs  would  be  larger  than  those 
estimated  by  the  Committee. 

213.112  Capital  Requirements  as  Affected  by 
Terminal  Changes:  The  Committee's  estimates 
are  based  upon  the  railroad  establishment  of  1912 
and  are  extended  to  cover  growth  to  1922.  The 
factor  of  extension  is  based  upon  a  normal  develop- 
ment of  the  activities  which  characterized  the 
railroad  establishment  of  1912.  As  a  matter  of 
fact,  the  terminals  of  Chicago  are  taking  on  new 
forms  and  the  activities  are  assuming  new  aspects, 
the  effect  of  which,  while  indeterminate  so  far  as 
many  of  the  processes  of  the  Committee  are  con- 
cerned, will  nevertheless  require  an  extension  of 
the  limits  of  electrification.  For  example,  the 
large  classification  yard  at  Clearing,  lying  entirely 
outside  of  the  city  limits,  might,  in  the  opinion  of 
the  Committee,  easily  be  assumed  to  be  beyond 
the  limits  of  electrification.  It  was  therefore  ex- 
cluded from  consideration.  In  the  latter  part  of 
the  Committee's  statistical  year,  1912,  however, 
this  yard  was  acquired  by  the  Belt  Railway  of 
Chicago,  and  subsequently  this  road  proceeded 
with  the  development,  on  a  large  scale,  of  improve- 
ments and  extensions  of  the  yard  which  greatly 
increased  the  significance  of  the  trackage  involved. 
Under  plans  which  will  soon  become  effective, 
trains  which  in  the  event  of  electrification  will  be 
drawn  by  electric  locomotives,  will  arrive  at  and 
depart  from  this  yard.  For  the  accommodation  of 
this  traffic  approximately  75  miles  of  trackage 
must  be  electrified.  Thus,  operating  conditions 
which  have  arisen  subsequent  to  the  Committee's 
statistical  year  have  so  changed  the  character  of  a 
great  freight  terminal  as  to  require  some  extension 
in  the  limits  to  be  observed  for  electrification. 


Other  terminal  changes  are  imminent  in  Chicago, 
and  it  is  not  improbable  that  each  one  as  it  comes 
will  have  some  effect  upon  the  extent  of  the  prob- 
lem of  electrification.  It  is  not  unlikely  that  some 
of  these  changes  will  make  necessary  an  extension 
in  the  limits  to  be  observed  in  such  work.  The 
extent  to  which  such  consideration  will  enter 
into  the  problem  must  for  the  present  purpose 
remain  indeterminate. 

213.113  Capital  Costs  as  Affected  by  the 
Joint  Use  of  Facilities:  The  fact  must  be  recog- 
nized that  in  the  development  of  railroad  facilities, 
under  conditions  which  involve  the  interests  of 
many  different  corporations,  it  is  not  always 
feasible  nor  expedient  to  determine  the  value  of  a 
procedure  by  considering  engineering  efficiency 
alone.  Other  factors  enter.  Railroads,  as  a  rule, 
are  disinclined  to  combine  for  the  purpose  of  oper- 
ating jointly  any  facility  where  their  purposes 
can  be  served  through  individual  operation.  The 
chance  that  interruptions  of  service  or  other  com- 
plications incident  to  one  road  may,  through  the 
existence  of  a  joint  facility,  affect  the  operations 
of  another  is  a  matter  which  is  regarded  by  many 
railroad  officials  as  of  far  greater  importance  than 
the  possible  saving  in  operating  and  maintenance 
expenses  arising  from  the  use  of  a  joint  facility. 

The  Committee,  on  the  other  hand,  has  assumed 
that  among  the  advantages  to  be  derived  from 
electrification  are  those  which  will  permit  the 
joint  use  of  certain  facilities  introduced  by  the 
change.  Its  estimates  of  the  cost  of  electrifica- 
tion are  based  upon  the  assumption  that  the  power 
station,  the  transmission  system,  the  substations 
and  the  switching  stations  will  be  developed  as 
a  single  system  for  the  joint  use  of  all  railroads. 
If,  in  the  actual  working  out  of  the  problem,  in- 
dividual railroads  should,  for  such  considerations 
as  have  been  set  forth  or  for  other  reasons,  insist 
upon  the  development  of  individual  power  sta- 
tions, switching  stations  and  substations,  the 
cost  to  the  individual  road  and  the  combined 
total  cost  of  electrifying  the  railroad  terminals 
of  Chicago  would  be  materially  in  excess  of  the 
costs  estimated  by  the  Committee.  For  exam- 
ple, the  Committee  has  assigned  to  the  Chicago 
&  North  Western  Railway  a  power  station  cost 
of  $2,210,831.*  This  is  the  railroad's  portion  of 

*  This  cost  and  all  other  electrification  costs  which  follow  in  this  section 
are  for  the  i  i.ooo-volt  alternating  current  system. 
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the  total  cost  of  a  power  station  designed  to 
meet  the  requirements  of  the  entire  terminal. 
The  amount  is  based  upon  the  power  require- 
ments of  the  Chicago  &  North  Western  Railway  as 
compared  with  the  total  power  requirements  of 
the  terminal.  The  railroad  itself,  however,  in  ex- 
amining this  question  assumes  at  once  that,  if  it 
should  electrify,  it  would  prefer  an  individual 
power  station,  and  its  estimate  of  the  cost  of  the 
individual  facility  is  $3,894,767.  The  difference, 
$1,683,936,  is  the  amount  in  excess  of  the  Com- 
mittee's estimates  which  the  railroad  would  feel 
it  ought  to  pay  to  secure  independence  in  this 
respect. 

The  development  of  individual  transmission 
lines  and,  in  some  cases,  of  individual  substations 
by  different  railroads,  where  the  Committee's 
estimates  are  based  upon  the  joint  use  of  such 
facilities,  will  tend  to  increase  the  total  cost 
of  electrification.  The  total  cost,  as  estimated  by 
the  Committee,  of  those  facilities  (power  station, 
transmission  lines,  substations  and  switching 
stations)  which  are  designed  for  joint  use  amounts 
to  $14,518,606.  Any  assumption  by  the  rail- 
roads to  the  effect  that  the  larger  roads  must 
have  individual  facilities,  and  that  the  smaller 
roads  must  be  grouped  with  the  larger  roads, 
will  materially  increase  this  item  of  cost. 

213.114  Capital  Requirements  as  Affected  by 
Precipitated  Costs:  By  far  the  most  important 
factors  in  the  sum  total  of  indeterminate  costs 
will  be  those  arising  from  improvements  only 
remotely  related  to  .electrification,  but  which 
will  be  precipitated  by  a  decision  to  electrify. 
Thus,  most  railroads  are  looking  forward  to 
betterments  involving  large  expenditures  to  be 
undertaken  in  future  years.  Under  normal  con- 
ditions, certain  items  in  their  program  may  not 
need  to  be  carried  out  for  another  decade,  but 
under  conditions  introduced  by  a  decision  to 
electrify,  these  may  require  attention  prior  to,  or 
coincident  with,  electrification. 

One  effect,  therefore,  of  electrification  will  be 
to  advance  any  program  for  betterments,  and  by 
so  doing  to  increase  the  capital  requirements  at 
the  time  of  electrification  far  beyond  the  limits 
which  would  be  required  for  electrification  alone. 

A  few  illustrations  of  the  manner  in  which  pre- 
cipitated costs  arise  will  suffice  to  show  their 
importance.  The  introduction  of  electric  trac- 


tion would  involve  changes  in  automatic  signals 
which  are  now  controlled  by  direct  current  track 
circuits.  Such  signals  must  be  re-equipped  in 
order  that  they  may  be  controlled  by  current 
which  is  not  affected  by  the  return  propulsion 
current  in  the  track.  This  is  a  considerable 
item  and  the  Committee's  estimates  are  designed 
to  cover  it.  It  is,  however,  altogether  likely  that 
some  roads  would  prefer  a  complete  replacement  of 
existing  signals  by  new  signals  to  the  reconstruc- 
tion of  those  which  they  now  have.  Such  a  pro- 
cedure would  not  only  provide  for  the  substitu- 
tion of  modern  equipment  for  that  which  is  more 
or  less  antiquated,  but  it  would  permit  a  redis- 
tribution or  spacing  to  meet  the  changed  condi- 
tions of  traffic  with  which  the  roads  are  already 
confronted.  The  cost  of  a  complete  renewal  of 
signals  would  be  much  in  excess  of  the  Committee's 
estimates.  It  represents  an  item  of  expense  which, 
except  for  the  imminence  of  electrification,  would 
not  be  entered  upon  for  many  years,  but  which, 
in  the  judgment  of  those  responsible,  becomes 
unavoidable  as  a  preliminary  to  electrification. 

In  commenting  upon  this  aspect  of  the  Com- 
mittee's work,  a  representative  of  the  Chicago, 
Rock  Island  &  Pacific  Railway  writes  that,  "The 
Chicago  terminals  have  hardly  kept  pace  with  the 
requirements  of  modern  railway  terminals,  and 
while  they  can  continue  to  give  satisfactory  ser- 
vice for  steam  operation  they  are  not  in  shape 
to  meet  the  advent  of  electrification  without  an 
almost  entire  rebuilding  for  their  entire  length, 
about  30  miles." 

An  officer  of  the  Grand  Trunk  Western  Railway 
writes,  "In  existing  yards  and  at  junction  points 
there  would  be  required,  at  the  time  of  electrifica- 
tion, a  general  remodeling  and  improvement  of 
existing  track  installations,  the  substitution  of 
heavier  rails,  frogs,  switches,  etc.,  in  order  that 
the  electric  improvements  would  be  performed 
upon  a  permanent  basis  of  track  arrangement  and 
construction."  The  cost  of  these  improvements 
would  be  precipitated  by  electrification. 

The  Baltimore  &  Ohio  Chicago  Terminal  Rail- 
road expresses  the  opinion  that  the  electrification 
of  its  lines  would  necessitate  the  separation  of 
grades  wherever  their  tracks  are  crossed  by  street 
car  lines. 

The  Chicago  &  North  Western  Railway  finds 
that  it  would  be  necessary  to  rehabilitate  a 
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considerable  mileage  of  yard  and  industrial  track, 
and  to  proceed  with  an  extensive  reconstruction 
and  redistribution  of  signals  along  its  lines.  It 
estimates  that  several  millions  of  dollars  would 
be  needed  for  these  necessary  preliminaries  to 
electrification. 

The  Illinois  Central  Railroad  has  called  atten- 
tion to  the  fact  that  its  suburban  and  freight 
tracks  now  occupy  different  portions  of  the  right- 
of-way,  the  arrangement  being  such  that  the 
suburban  lines  cross  and  recross  the  lines  of  other 
services.  A  rearrangement  of  tracks  to  avoid 
the  repeated  grade  crossings  of  the  tracks  of  one 
service  over  the  tracks  of  another  is,  it  believes, 
a  necessary  preliminary  to  electrification.  Such  a 
change  would  constitute  an  improvement  of  the 
terminal  irrespective  of  electrification,  but  in  the 
absence  thereof  it  might  be  long  delayed.  While  a 
preliminary  to  electrification,  its  cost  obviously 
cannot  be  included  in  the  cost  of  electrification. 
The  cost  would  aggregate  several  millions  of 
dollars. 

The  Chicago  &  Alton  Railroad  lists  a  series  of 
items  affecting  betterments  in  its  permanent  way, 
such  as  the  separation  of  grades  and  elevation  of 
tracks,  which  it  regards  as  imminent  but  which 
might,  for  the  time  being,  be  deferred.  The  total 
of  such  items  amounts  to  $820,000,  all  of  which 
sum  would  be  precipitated  by  electrification. 

The  Chicago,  Burlington  &  Quincy  Railroad 
has  submitted  an  itemized  list  of  betterments 
which  might  be  deferred  for  many  years,  but 
would  become  at  once  necessary  if  electrification 
were  decided  upon.  The  list  of  these  precipitated 
costs  covers  items  for  grade  separation,  for  an 
extension  of  four  track  work  where  two  tracks  are 
now  provided,  for  grade  reduction  and  for  changes 
incident  thereto,  and  for  relaying  rails  in  certain 
yards.  The  estimated  total  cost  of  such  work 
amounts  to  $2,501,080. 

The  Michigan  Central  Railroad,  which  has  only 
a  small  amount  of  trackage  within  the  city  of 
Chicago  but  which  would  be  required  by  operat- 
ing conditions  to  extend  electrified  service  a  con- 
siderable distance  beyond  the  city,  expresses  the 
belief  that  the  imminence  of  electrification  would 
require  it  to  elevate  tracks  for  the  purpose  of  sep- 
arating grades,  to  an  extent  which  would  involve 
a  cost  of  $3,500,000;  the  change  in  operation  would 
also  involve  the  reorganization  of  yard  work  and 


the  construction  of  new  classification  yards  which 
are  not  provided  for  by  the  estimates  of  the 
Committee,  but  which  are  estimated  to  cost 
$1,500,000.  The  total  precipitated  costs  for  this 
road  will,  therefore,  amount  to  $5,000,000. 

An  officer  of  the  Chicago  &  Western  Indiana 
Railroad  and  of  the  Belt  Railway  of  Chicago 
notes  that  these  roads  are  already  committed  to 
track  elevation  under  contract  ordinances  with 
the  city  requiring  work  which  will  involve 
the  expenditure  of  approximately  $10,000,000, 
and  that  in  addition  to  this  there  would  be 
precipitated  an  amount  of  track  elevation  and 
grade  elimination  which  might  otherwise  be  long 
delayed,  the  estimated  cost  of  which  is  $8,000,000. 

Such  precipitated  costs  are  not  direct  charges 
against  electrification,  but  they  operate  to  aug- 
ment the  capital  requirements  at  the  time  of 
electrification. 

213.115  A  Generalization  Concerning  Inde- 
terminate Costs:  The  preceding  sections  serve 
to  show  the  character  of  the  sources  from  which 
indeterminate  costs  will  arise.  They  may  be 
grouped  into  two  divisions,  as  follows: 

1.  Those  resulting  from  individual  interpreta- 
tions  (based   upon   an   intimate   knowledge 
present   and   prospective   ojxTutini;   conditions) 
of  the  requirements  of  individual  roads. 

2.  Those  which  arc  obviously  not  a  part  of 
the  electrification  costs  hut  which  arc  precipi- 
tated thereby,  and  which  as  a  consequence  enter 
as  a  part  of  the  capital  requirements  incident  to 
electrification. 

The  effect  in  both  cases  is  to  add  to  the  finan- 
cial burden  which,  in  the  event  of  electrification, 
would  need  to  be  assumed  by  the  railroads. 
The  Chicago  &  North  Western  Railway,  which  has 
made  estimates  paralleling  those  of  the  Committee, 
reports  that  the  total  burden  which  would  be 
imposed  upon  it  by  electrification  would  be  more 
than  30  per  cent  in  excess  of  the  direct  costs  as  set 
forth  by  the  Committee.  The  Chicago,  Burling- 
ton &  Quincy  Railroad,  after  a  careful  study  of  its 
problem,  estimates  that  its  burden  would  be  more 
than  double  the  direct  costs  as  set  forth  by  the 
Committee.  . 

Such  statements  do  not  discredit  the  Com- 
mittee's estimates.  The  estimates  set  forth  rep- 
resent, with  as  much  accuracy  as  any  schedule 
of  estimates  can,  the  direct  costs  of  electrifica- 
tion under  prescribed  conditions.  Any  attempt  on 
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the  part  of  the  Committee  to  formulate  estimates 
which  would  do  more  than  this  leads  at  once  to 
uncertain  and  even  to  speculative  procedures. 
The  Committee  cannot  concern  itself  with  the 
amount  which  a  railroad  may  choose  to  spend 
under  certain  conditions;  it  can  only  determine 
what  it  must  spend  to  accomplish  a  specific  object. 
The  Committee  cannot  say  what,  in  the  event  that 
electrification  is  required,  a  railroad  will  prefer 
to  have  included  in  its  electrified  limits;  it  can 
only  say  what  must  be  included,  where  the  object 
is  the  elimination  of  the  steam  locomotive  from 
the  city  of  Chicago,  to  constitute  a  workable 
arrangement.  The  Committee  cannot  determine 
the  nature  and  extent  of  a  railroad's  plans  for 
future  betterments,  when  such  betterments  are 
independent  of  the  problem  of  electrification;  it 
can  only  recognize  the  fact  that  such  plans  must 
exist  and  that  work  contemplated  by  them  will 
in  many  cases  be  precipitated  by  a  decision  to 
electrify.  Many  of  the  problems  thus  arising 
are  the  normal  problems  of  the  railroad.  Many 
of  them  will  be  settled  irrespective  of  the  problems 
of  electrification.  The  purpose  of  the  Committee 
is  to  recognize  .them  as  significant  factors,  the 
effect  of  which  is  to  complicate  and  to  extend  the 
problem  of  electrification. 

213.116  Indeterminate  Costs  as  Interpreted 
by  the  Railroads  Affected:  Following  the  work 
of  the  Committee,  a  number  of  the  Chicago 
railroads  have  made  a  study  of  the  costs  which 
would  be  imposed  upon  them,  in  the  event  of 
electrification,  in  excess  of  those  set  forth  by  the 
Committee.  Eight  of  these  railroads  have  filed 
with  the  Committee  the  results  of  their  investi- 
gations. The  reports  thus  submitted  have  been 
analyzed  with  results  which  may  be  set  forth  as 
follows : 


1.  Costs  due  to  an  extension  of  the  plan  of 
electrification  over  that  provided  by 

the  Committee's  estimates     .      .      .     $20,872,500 

2.  Precipitated  costs,  principally  for  track 
elevation 29,198,400 


3.  Total  cost  to  the  eight  railroad  cor- 
porations in  excess  of  that  necessary 
to   electrification   under   the   plan    of 

the  Committee $50,070,900 

4.  The  Committee's  estimate  of  the  cost 
of  electrification  for  the  eight  railroads 

represented  in  the  preceding  statement    .      .  $92,599,908 


.S    Tin    >  \II-M  coat*,   iric  lii'hiu:  ntsts  ilitc 
I',  extrusions  i>f   Mir  |>l.iM  :iinl    prc.  i|M 
•I  OOfU,  in  IMT  rmt  of  those  which 
arc  io\rrol  l>y  'lie  Committee's  ' 
maU-s 54.07  per  cent 

The  Committee's  estimates  of  the  net  cost  of 
electrification  for  all  the  railroads  in  the  Chicago 
terminals  total  $178,127,230.  If  it  be  assumed 
that  the  costs  to  all  railroads,  due  to  extensions  of 
plans  beyond  those  provided  by  the  Committee 
and  to  betterments  which  are  precipitated  by  elec- 
trification, will  bear  the  same  relation  to  the  Com- 
mittee's estimates  as  those  of  the  eight  railroads 
which  have  analyzed  the  problem,  the  total  added 
and  precipitated  costs  to  be  provided  for  by  all 
roads  will  amount  to  $96,313,400. 

Upon  this  basis,  the  total  capital  requirement 
imposed  by  electrification  will  be: 

That  incident  to  the  development  of  a 
minimum  plan  as  estimated  by  the 
Committee $178,127,230 

That  required  to  cover  precipitated 
costs'  and  costs  due  to  extensions  of 
the  plan 96,3 13,4°° 


Total 


$274,44.  >/>.v> 


THE  ESTIMATED  COST  OF  ELECTRIFI- 
CATION BY  SYSTEMS 

213.117  General  Considerations:  In  the  pre- 
ceding sections  of  this  chapter  the  costs  of  all 
features  entering  into  the  electrification  of  the 
Chicago  railroad  terminals,  by  the  2, 400- volt 
direct  current  and  the  n,ooo-volt  alternating 
current  overhead  contact  systems  of  traction, 
have  been  set  forth  for  all  roads.  It  has  been 
explained  (section  212.01)  that  the  cost  of  electri- 
fication by  the  6oo-volt  direct  current  third  rail 
system  has  been  determined  in  detail  for  one  road 
only,  the  Chicago  &  North  Western  Railway. 
The  total  cost  thus  obtained  has  been  extended  to 
make  up  the  total  cost  of  electrification  by  the 
third  rail  system  for  all  roads.  This  extension 
has  involved  the  determination  of  the  cost  of 
electrification  for  this  road,  independent  of  all 
others,  by  each  of  the  three  systems  under  con- 
sideration. 

It  is  assumed,  for  purposes  of  extension,  that  the 
ratios  found  to  exist  between  the  costs  of  elec- 
trification for  this  road  by  the  third  rail  system, 
and  the  costs  by  each  of  the  other  two  systems, 
may  be  applied  to  the  estimated  costs  of  elec- 
trification of  the  entire  terminal  by  the  2, 400- volt 
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and  1 1  ,ooo-volt  systems,  to  obtain  the  cost  of 
electrification  of  the  entire  terminal  by  the  600- 
volt  direct  current  third  rail  system.  This 
process  has  saved  time  and  labor  as  compared 
with  that  which  would  have  been  required  had 
the  costs  of  electrification,  by  the  6oo-volt  third 
rail  system,  to  all  roads  been  determined  in 
detail  as  for  the  other  two  systems.  The  results 
are  believed  to  be  sufficiently  accurate  for  the 
present  purpose. 

213.118  Influences   Governing    the    Selection 
of  the  Chicago  &  North  Western  Railway  as  a 
Basis  for  Determining  the  Cost  of  Third  Rail 
Electrification:     The  Chicago  &   North  Western 
Railway  was  selected  as  the  road  for  which  the 
cost  of  the  third  rail  system  was  to  be  developed, 
because  it  includes  in  its  activities  all  the  services 
operated  on  the  terminals  and  also  because  its 
operations  are  but  little  complicated  by  those  of 
other  roads.     Data  showing  the  character  and 
magnitude  of  the  services  and  the  energy  required 
have  been  presented  in  chapter  211.     The  total 
mileage  to  be  electrified,  for  which  the  estimates 
have  been  developed,  is  shown  in  the  following: 

MILES 

Main  tracks 263.46 

Other  tracks 258.71 

Adjacent  industrial  tracks  privately  owned   .      .         9.83 

Total 532.00 

This  mileage  does  not  include  the  trackage  of 
the  St.  Charles  Air  Line  owned  jointly  by  the 
Chicago  &  North  Western  Railwayand  other  roads. 
Operation  over  the  St.  Charles  Air  Line,  and  over 
the  tracks  of  the  Chicago  Junction  Railway  from 
the  Wood  Street  Yard  to  the  Union  Stock  Yards, 
is  not  included. 

213.119  Power  Station:     It  has  been  assumed 
that  a  single  power  station  located  near  the  center 
of  load  will  be  provided.     The  exact  location  is 
immaterial  for  the  purpose  of  this  estimate,  but 
it  has  been  assumed  as  being  on  the  North  Branch 
of  the  Chicago  River  between  North  Avenue  and 
Fullerton  Avenue.     The  same  assumptions  have 
been  made  for  this  station  regarding  character 
of  site  and  subsoil,  and  general  arrangement  of 
building  and  equipment,  as  were  made  for  the 
station  designed  to  serve  all  roads  for  the  2,400- 
volt  direct  current  and  the  1 1  ,ooo-volt  alternating 
current  systems  of  traction  (section  213.004). 

The  loads  upon  this  station  are  so  nearly  the 


same  for  the  three  systems  that  the  same  number 
and  capacity  of  turbine  generating  sets  have  been 
specified  for  all  systems.  The  estimates  are  based 
upon  the  use  of  three  steam  turbine  generating 
sets,  each  of  15,000  kilowatts  continuous  capacity. 
These  differ  only  in  capacity  from  those  described 
(section  213.004).  This  allows  one  spare  unit, 
since  two  generators  are  sufficient  to  carry  the 
maximum  load.  As  in  the  case  of  the  power 
station  for  the  joint  operation  of  all  roads,  the 
number  of  boilers  has  been  made  to  conform  to 
the  difference  in  load  resulting  from  the  choice  of 
system.  The  number  is  the  same  for  the  600- 
volt  and  2, 400- volt  direct  current  systems,  but 
is  less  for  the  1 1  ,ooo-volt  alternating  current 
system. 

The  station  characteristics  and  loads  for  each 
of  the  three  systems  considered  are  shown  by 
table  CCCXI.IX. 

From  the  lay-out  of  the  plant  described  and 
from  facts  otherwise  available,  an  estimate  of  the 
cost  of  the  plant  required  for  each  of  the  three 
systems,  excluding  all  allowances  for  contingen- 
cies and  for  engineering,  has  been  prepared  with 
results  which  are  presented  in  table  CCCL. 

The  installation  costs  shown  by  these  items, 
based  upon  an  installed  capacity  of  45,000  kilo- 
watts, amount  to  $49.39  per  kilowatt  for  both 
the  6oo-volt  and  the  2,400-volt  direct  current 
systems,  and  to  $49.43  for  the  1 1  ,ooo-volt  alter- 
nating current  system.  If,  to  these  substan- 
tially equal  unit  costs  10  per  cent  is  added  for 
contingencies  and  10  per  cent  for  engineering, 
the  installation  cost  will  be  approximately  $60.00 
per  kilowatt  in  each  case.  Such  additions  are 
hereinafter  provided  for.  It  should  be  noted 
that,  in  arriving  at  the  unit  cost,  the  same  rating 
is  assumed  for  all  plants,  notwithstanding  the 
fact  that  there  is  less  boiler  capacity  in  the  plant 
designed  to  serve  the  alternating  current  system 
than  is  provided  for  in  the  design  which  has 
served  as  a  basis  for  the  cost  of  both  of  the  di- 
rect current  systems. 

The  total  cost  shown  by  table  CCCL  repre- 
sents the  costs  of  labor  and  material  on  the  basis 
of  the  requirements  of  1912.  These  have  been 
extended  in  a  manner  normal  to  these  estimates 
(section  212.09)  to  cover  growth,  contingencies, 
engineering,  and  interest,  insurance  and  taxes  dur- 
ing construction,  the  factors  of  extension  being  the 
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TABLE   CCCXLIX.     POWER    STATION   CHARACTERISTICS  AND   LOADS 
(Chicago  A  North  We.tern  Railway) 
(Basil  of  1017) 


Detail. 

1 


Peak  loud,  one  hour,  kw 

i  I'd  power  factor  of  load,  per  cent 

Load  factor,  per  cent         

<  hit  put  (XT  day,  kw-hr 

Output  per  year,   kw-hr 

\nmltcr  (if  tccii'THting  unit*  provided 

<  >iir  hmir  ci  in  I  in  in  HIM  capacity  of  units,  kw 

Maximum  overload  capacity,  kw 

Rating  of  two  units  in  service  on  maximum  load,  kw 

Loading  of  generators  during  maximum  hour,  per  cent . 

Total  installed  capacity,  kw 

Installed  capacity  of  step-up  transformers,  kv-a. 

Maximum  capacity  of  transformers  for  five  minutes,  per  cent  of  full  low! 
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TABLE  CCCL.    ESTIMATED  COST  OP  POWER  STATION.  EXCLUDING  ALL  ALLOWANCES  FOR  CONTINGENCIES  AND>OR  ENGINEERING 

(Chicago  &   North   Western   Railway) 
(Basis  of  1911) 


Item 

000-Volt 
D.  C 

2.400-Volt 
D.  C. 

]!.'»..  Vol< 
A.  C. 

1 

2 

» 

4 

1880920 

$8M92O 

S88002O 

Boilers,  stokers,  pumps,  piping,  flues,  chimneys,  coal  and  ash  handling  plant  and  other  boiler  plant  accessories.  . 
Turbine  units,  condensers,  switchboards,  exciters,  step-up  transformers,  crane  and  other  turbine  acceMoriea.  .  .  . 

53.1.820 
798.950 

70«:0M 

aooiiio 

834.4SO 

Totals  

tz.22-2.mn 
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same  as  those  used  for  the  power  station  for  the 
entire  terminal  (section  213.006).  The  estimated 
total  cost  of  the  power  station  for  the  Chicago 
&  North  Western  Railway,  on  the  basis  of  the 
requirements  of  1922,  including  the  cost  of  real 
estate,  building  and  equipment  for  each  of  the 
three  systems,  is  as  follows: 

6oo-volt  direct  current $3,863,402 

2,4oo-volt  direct  current 3,863,402 

1 1, ooo- volt  alternating  current 3,866,565 

213.120  Transmission  System:  The  same  gen- 
eral considerations,  in  so  far  as  they  apply,  have 
governed  the  estimates  of  cost  of  the  transmis- 
sion system  for  the  single  road  as  were  followed 
for  all  the  roads  (section  213.007).  Three-phase, 
33,ooo-volt  transmission  circuits  are  to  be  used 
for  the  6oo-volt  system.  In  all  cases  the  trans- 
mission wire  is  to  be  No.  i  A.  W.  G.,  a  smaller 
size  not  being  considered  satisfactory  mechani- 
cally and  a  larger  size  not  being  required  electri- 
cally. The  resulting  transmission  efficiencies  are: 

PER  CENT 

600- volt  direct  current  system 99-5 

2,400- volt  direct  current  system 99.1 

1 1, ooo- volt  alternating  current  system 98.7 

The  routes  and  make-up  of  the  transmission 
circuits  are  shown  by  figs.  68 1  to  683,  inclusive, 
for  the  600- volt  and  2,400-volt  direct  current  and 
the  n,ooo-volt  alternating  current  systems,  re- 
spectively. 


The  length  and  weight  of  No.  i  copper  wire 
required  for  transmission  lines  for  each  system 
are  given  in  table  CCCLI. 

TABLE  CCCLI.     WIRE  REQUIRED  FOR  TRANSMISSION    SYSTEM. 

(Chicago  &  North  Western  Railway) 

(Basis  of  1912) 


System 

Mil- 

found* 

1 

2 

a 

444  0 

-•,... 

2,400-volt  direct  current               

".:    I 

395.000 

273  0 

3MOOO 

The  load  imposed  by  the  transmission  circuits 
of  the  2, 400- volt  and  n,ooo-volt  systems  on  the 
structures  of  the  contact  system  does  not  exceed 
that  which  served  as  a  basis  for  the  design  of 
these  structures,  and  no  additional  steel  or  con- 
crete will,  therefore,  be  required.  For  the  600- 
volt  system,  steel  poles  or  towers  have  been  de- 
signed to  carry  the  transmission  lines.  These  are 
to  be  spaced  at  intervals  of  300  feet  on  tangent 
track  and  will  support  the  lowest  transmission  wire 
30  feet  above  the  ground  at  the  pole,  or  at  a  mini- 
mum height  of  25  feet  at  the  center  of  span  under 
conditions  of  maximum  sag.  Duplicate  circuits 
are  to  be  provided,  and  where  these  are  run  on 
the  same  right-of-way  they  are  to  be  placed  on  the 
same  poles. 

Two  river  crossings  at  drawbridges  will  re- 
quire special  towers  for  supporting  the  conductors 
for  the  2,4oo-volt  and  n.ooo-volt  systems  at 
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FIG.  681.    TRANSMISSION  CIRCUITS  FOR  THE  600-VOLT  D.  C.  SYSTEM 
CHICAGO  &  NORTH  WESTERN  RAILWAY 
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FIG.  682.    TRANSMISSION  CIRCUITS  FOR  THE  2.400-VOLT  D.  C.  SYSTEM 
CHICAGO  &  NORTH  WESTERN  RAILWAY 
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FIG.  683.     TRANSMISSION  CIRCUITS  FOR  THE  11,000-VOLT  A.  C.  SYSTEM 
CHICAGO  &  NORTH  WESTERN  RAILWAY 
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a  minimum  height  of  120  feet  above  the  water. 
At  the  crossing  of  the  North  Branch  of  the 
Chicago  River  near  Fullerton  Avenue  the  towers 
will  be  required  to  support  transmission  circuits, 
ground  wires  and  the  wires  to  make  the  trolley 
and  return  circuits  continuous.  At  the  crossing 
near  Kinzie  Street  the  towers  will  support  only 
the  ground  wires  and  the  trolley  and  return 
circuits.  In  the  cost  of  these  crossings  has  also 
been  included  the  cost  of  the  additional  steel  and 
concrete  required  at  both  ends  of  each  bridge 
draw  to  dead-end  the  contact  wires.  For  the 
6oo-volt  system  towers  for  the  transmission  lines 
will  be  necessary  only  at  the  crossing  near  Fuller- 
ton  Avenue.  These  towers  will  support,  in 
addition  to  the  transmission  and  ground  wires, 
six  1,000,000  circular  mil  cables  to  preserve  the 
continuity  of  the  third  rail  and  return  circuits 
when  the  draw  is  .opened,  and  the  cost  of  these 
cables  is  included  in  the  cost  of  river  crossings  as 
a  part  of  the  cost  of  the  transmission  system.  At 
the  drawbridge  near  Kinzie  Street  no  towers 
will  be  required  for  the  6oo-volt  system,  since 
there  will  be  no  transmission  lines  crossing  at 
this  point  and  the  third  rail  and  return  circuits 
will  cross  as  submarine  cables.  Their  cost  is 
included  with  the  cost  of  third  rail  contact  and 
return  circuit. 

For  the  6oo-volt  system  the  estimates  include 
the  cost  of  a  ground  wire  to  be  carried  on  the 
transmission  poles  for  the  entire  length  of  the 
transmission  lines.  For  the  2 ,4oo-volt  and  1 1 ,000- 
volt  systems,  both  employing  overhead  contact, 
the  estimates  provide  for  the  cost  of  two  ground 
wires,  one  on  each  side  of  the  right-of-way  on 
the  extension  to  the  posts  or  poles  of  the  struc- 
tures supporting  the  contact  system,  regardless 
of  whether  or  not  there  may  be  transmission  lines 
on  the  structures. 


By  the  use  of  substantially  the  same  unit  costs 
as  are  set  forth  in  section  213.011,  an  estimate  of 
the  cost  of  the  transmission  system  required  for 
each  of  the  three  systems  of  traction  has  been 
prepared  and  is  presented  in  table  CCCLII. 

The  total  cost  shown  by  table  CCCLII  repre- 
sents the  cost  of  labor  and  materials  on  the  basis  of 
the  requirements  of  1 9 1 2 .  This  has  been  extended 
in  a  manner  normal  to  these  estimates  (section 
212.09), to  cover  growth,  contingencies,  engineer- 
ing, and  interest,  insurance  and  taxes  during  con- 
struction, the  factors  of  extension  being  the  same 
as  those  used  for  the  transmission  system  for  the 
entire  terminal  (section  213.013).  The  estimated 
total  cost  of  the  transmission  system  for  the  Chi- 
cago &  North  Western  Railway,  on  the  basis  of 
the  requirements  of  1922,  is  as  follows: 


6oo-volt  direct  current 
2,4oo-volt  direct  current    . 
1 1,000- volt  alternating  current 


$974,863 
379,743 
267475 


213.121  Substations:  The  general  conditions 
which  govern  the  location  of  substations  for  the 
electrification  of  all  roads  by  the  2 ,400- volt 
and  n,ooo-volt  systems,  as  set  forth  in  section 
213.014,  have  also  controlled  in  determining  the 
location  of  substations  for  these  systems  for  the 
Chicago  &  North  Western  Railway  independently. 
For  the  6oo-volt  third  rail  system  a  spacing  of 
substations  of  from  three  to  six  miles,  depending 
upon  the  load  conditions,  has  been  used.  With 
the  locations  assumed,  the  extreme  momentary 
drop  in  voltage  under  maximum  starting  condi- 
tions will  not  exceed  300  volts  in  the  outlying 
districts  and  will  ^be  much  less  within  the  city 
limits. 

The  proposed  locations  of  substations  for  the 
three  systems  of  electrification  for  the  Chicago 
&  North  Western  Railway  are  shown  by  figs.  684 
to  686,  inclusive. 


TABLE  CCCLII      ESTIMATED  COST  OF  TRANSMISSION  SYSTEM.  EXCLUDING  ALL  ALLOWANCES  FOR  CONTINGENCIES 

AND  FOR  ENGINEERING 

(Chicago  &  North  Western  Railway) 

(Basis  of  1912) 


Item 

000-Volt 
D.  C. 

2.400-Volt 
D.  C. 

11  000  \    11 
A.C. 

1 

3 

* 

4 

Copper  wire  

$110.500 
22380 

(73,000 
:  1  I  1 

$68.200 
14.060 

Erection  of  wire  and  insulators   

36.190 
103M 

22.200 

.1  n> 

20.SOO 

-  i  :  • 

327.000 

0 

0 

.  m 

10.000 

10.000 

Towers  and  foundations  where  bridges  cross  over  tracks  

1.000 

1.200 

3.000 

Totals  

$.-.14.1.1. 

$147.530 

$141.060 

31 
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FIG.  684.    LOCATIONS  OF  POWER  STATION  AND  SUBSTATIONS  FOR  THE  600-VOLT  D.  C. 
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FIG.  685.     LOCATIONS  OF  POWER  STATION  AND  SUBSTATIONS  FOR  THE  2.400- VOLT  D.  C. 
SYSTEM.    CHICAGO  &  NORTH  WESTERN  RAILWAY 
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FIG.  686.    LOCATIONS  OF  POWER  STATION  AND  SUBSTATIONS  FOR  THE  11, 000- VOLT  A.  C. 
SYSTEM.    CHICAGO  &  NORTH  WESTERN  RAILWAY 
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The  characteristics  of  substations  and  sub- 
station equipment,  upon  which  the  estimates  of 
cost  for  the  single  road  have  been  based,  are  gen- 
erally the  same  as  those  for  the  2,4oo-volt  direct 
current  and  the  11,000- volt  alternating  current 
systems,  as  described  in  section  213.015,  the  ca- 
pacity of  the  apparatus  for  the  single  road  being 
generally  smaller  than  that  required  by  all  roads. 
For  the  6oo-volt  system  the  characteristics  of 
the  substation  buildings  and  equipment  are  sim- 
ilar to  those  required  for  the  2,4oo-volt  system, 
the  only  material  difference  being  in  the  use  of 
single  rotary  units  instead  of  double  units.  For 
the  6oo-volt  system  14  substations  having  indi- 
vidual capacities  varying  from  2,000  to  6,000 
kilowatts  will  be  required.  Of  these  substations, 
ten  are  to  be  equipped  to  act  as  tie-stations  for 
the  transmission  lines.  For  the  2,400-volt  system 
six  substations  are  to  be  provided,  with  individ- 
ual capacities  varying  from  2,000  to  10,000  kilo- 
watts. Three  of  these  will  act  as  transmission 
line  tie-stations.  For  the  n,ooo-volt  system,  ten 
substations  are  to  be  provided,  with  individual 
capacities  varying  from  3,000  to  12,000  kilowatts. 
Six  of  these  will  serve  as  tie-stations  for  the 
transmission  lines.  The  loads,  capacities  and 
other  characteristics  of  substations  are  shown  for 
each  of  the  three  systems  in  tables  CCCLIII  to 
CCCLV,  inclusive. 

TABLE  CCCLIII.     CHARACTERISTICS  OF  SUBSTATIONS  FOR  THE 

600-VOLT  D.  C.  SYSTEM 
(Chicago  &  North  Western  Railway) 


TABLE  CCCI.IV.     CHARACTERISTICS  OP  SUBSTATIONS  FOR  THE 

j.4<x>-VOLT    I).    C.    SYSTEM 
(Chicago  *  North  Wxtcrn  H«.lw.y) 


Input  to  Substation  for 

Unite 

Sub- 

lUtion 
No.* 

Hours 

[.nni] 

PMUB, 

Per 
Cent 

No. 

Capac- 
Ki&- 

Total 
Rated 
Capacity, 
Kilowatts 

Aver- 
age 

Max- 
imum 

Total 

Hour 

Hour 

1 

2             3 

4 

5 

8 

7 

8 

1 

278 

571 

6,672 

48.7 

2 

1,000 

2,000 

2 

422 

864 

10,128 

48.8 

1,000 

2.000 

3 

486 

1.239 

11,664 

39.2 

2 

1,000 

2.000 

4 

514 

1.647 

12,336 

31.2 

2        1,000 

2,000 

5 

650 

2.182 

15,600 

29.8 

3 

1,000 

3,000 

6 

336 

875 

8,064 

38.4 

2 

1,000 

2,000 

7 

535 

1,357 

12,840 

39.4 

2 

1,000 

2,000 

8 

581 

834 

13,944 

69.6 

2 

1,000 

2,000 

9 

293 

751 

7,032 

39.0 

2        1,000 

1.  

10 

MM 

1.1'Oli 

15,816 

54.6 

2 

1,000 

2,000 

11 

I.  -'SO 

5,840 

102,720 

73.2 

3 

2,000 

6,000 

12 

.•,n:,<i 

2.640 

49,200 

77.7 

3 

1.000 

3,000 

13t 

_',s:iii 

li.xsn 

67,020 

41.1 

3       2,000 

II.IHHI 

1  1 

738 

2.TO8 

17.712 

26.4 

3 

1.000 

3,000 

Totals 

14.852 

-•X.231 

351.04X 

51.0 

38 

30,000 

*  See  fig.  684.     t  In  power  station. 


Estimates  of  the  costs  of  the  substations 
required  for  each  of  the  three  systems  for  the 
Chicago  &  North  Western  Railway  have  been 
prepared  in  the  manner  described  in  section 


lh|..,i 

••    -   . 

,-,     •     !     • 

I 

8ub- 

Avtrai 

!•  I>ay, 
Boui 

Kilowatt- 

• 

Load 

Total 

•    •,  .  . 
No.» 

Aver- 
age 

Mal- 

'iiiuin 

Total 

farter. 
Per 
Cent 

No. 

K& 

KUowatU 

Hour 

Hour 

1 

2 

4 

1 

7 

1 

1.285 

2.785 

30,840 

48.1 

1.000 

4.000 

2 

1,  170 

4,700 

20.1 

m 

8.000 

3t 

-  <  - 

12,060 

a 

1  100 

10XWO 

4 

iiii  in 

-  -i 

147,120 

70.9 

1,100 

10.000 

5 

i.-..,-. 

.7  MO 

54.0 

00 

4,000 

6 

600 

1.A60 

14.400 

30.6 

2 

1.000 

2.000 

Totals 

14,370 

28.232 

344.880 

50.0 

.... 

38.WJO 

•See  fig.  685.     t  In  power  station. 

TABLE  CCCLV.     CHARACTERISTICS  OP  SUBSTATIONS  POR  THE 

1 1,000- VOLT  A.  C.  SYSTEM 
(Chicago  &  North  Western  Railway) 


luDut  to  Substation  for 

1    :..-. 

Sub- 
station 
No.« 

Average  Day.  Kilowatt- 
Hours 

Load 
Factor, 
Per 
Cent 

Total 
Rated 

tSCrS-' 

Amperes 

No 

Capac- 

Kifc- 
volt- 
Am- 
peres 

Aver- 
SSor 

Max- 
imum 
Hour 

Total 

1 

•2 

:) 

4 

6 

e 

7 

• 

1               240 

491            5,760 

48.0 

2 

1.500 

3.000 

2                564 

1,238         13,536        45.6 

2 

1.500 

3.000 

3                616 

1,877         14,784        32.9 

2 

2.000 

4.000 

4                936 

3,230 

22,464         29.0 

2 

moo 

..... 

Sf           2.800 

6,720         67.2OO        41.7 

2 

fi.OOO 

12.000 

6             2,160 

3,010         51340        71.8 

2 

3,000 

6,000 

7             3,090 

4.230         74,160         72.9 

2 

I  ,.., 

8                662 

1,335         15,888         49.7 

2 

1,500 

3,000 

9              1,620 

3,140         38.880         51.5 

2 

3,000 

6,000 

in                393 

1.015 

9.432         38.7 

2 

i   •-•' 

.. 

Totals 

13,081 

24.822 

313.944          .',2.7    |    30 

54.000 

*  See  fig.  686.     t  In  power  station. 

TABLE  CCCLVI.     ESTIMATED  COSTS  OP  SUBSTATIONS.  EXCLUD- 
ING ALL  ALLOWANCES  FOR  CONTINGENCIES  AND  FOR 
ENGINEERING,  6oo-VOLT  D.  C.  SYSTEM 
(Chicago  &  North  Western  Railway) 
(Basis  of  1912) 


Substation 
No. 

Total  Capacity  of 
Installation.  Kilowatts 

Cost 

1 

2 

8 

1 

2.000 

t  65,800 

2 

I    •>• 

65300 

3 

2,000 

65300 

4 

2,000 

85.800 

5 

3.000 

07,400 

6 

2.000 

65300 

7 

2,000 

65.800 

8 

2,000 

68.080 

9 

2.000 

67.780 

10 

MOO 

85300 

11 

•6,000 

127.830 

12 

3.000 

06.900 

13» 

6.000 

112.620 

M 

8,000 

05.910 

Totals... 

39.000 

81.126.920 

*  In  power  nation. 

213.016.     These  estimated   costs   are   presented 
in  tables  CCCLVI  to  CCCLVIII,  inclusive. 

The  total  costs  presented  in  the  tables  re- 
ferred to  represent  the  costs  of  labor  and  material 
on  the  basis  of  the  requirements  of  1912.  These 
have  been  extended  in  a  manner  normal  to  these 
estimates  (section  212.09),  to  cover  growth. 
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TABLE  CCCLVII.     ESTIMATED  COSTS  OF  SUBSTATIONS.  EXCLUD- 
ING ALL  ALLOWANCES  FOR  CONTINGENCIES  AND  FOR 
ENGINEERING.   a.4Oo-VOLT   D.  C.  SYSTEM 
(Chicago  ft  North  Western  Railway) 
(Basis  of  1912) 


Suh.tation 
No. 

Total  Capacity  of 
Installation,  Kilowatts 

Coat 

1 

a 

a 

2 

3* 
4 
5 
A 

4,000 

10.000 
10.000 
4.000 
2,000 

$169.930 
190.000 
231.520 
2S5.790 
178.060 
99.290 

Total.  

38.000 

S1.1M.190 

*  In  power  station. 

TABLE  CCCLVHI.      ESTIMATED   COSTS  OP    SUBSTATIONS.    EX- 
CLUDING ALL  ALLOWANCES  FOR  CONTINGENCIES  AND 
FOR  ENGINEERING.  n.ooo-VOLT  A.  C.  SYSTEM 
(Chicago  ft  North  Western  Railway) 
(Basis  of  1919) 


Substation 
No. 

Total  Opacity  of 
Installation.  Kilowatts 

Cost 

1 

S 

3 

1 

»,000 

$24.810 

1,000 

28.700 

3 

4.000 

27.880 

4 

6,000 

IMOO 

5* 

12.000 

•in 

6 

6,000 

ill.  560 

7 

8,1X10 

HO 

8 

3.000 

:«>.270 

9 

6.000 

•U.H30 

10 

3,000 

24.910 

Totals     . 

mm 

$308.840 

*  In  power  station.' 

contingencies,  engineering,  and  interest,  insurance 
and  taxes  during  construction,  the  factors  of  ex- 
tension being  the  same  as  those  used  for  the  sub- 
stations for  the  entire  terminal  (section  213.017). 
The  estimated  total  cost  of  the  substations  for 
the  Chicago  &  North  Western  Railway,  on  the 
basis  of  the  requirements  of  1922,  is  as  follows' 


600- volt  direct  current  . 
2, 400- volt  direct  current 
1 1 ,000- volt  alternating  current 


$'.958,773 

1,971,409 

538,205 


three  systems  are  presented  in  tables  CCCLIX  to 
CCCLXI,  inclusive. 

TABLE   CCCLIX.     ESTIMATED  COSTS  OF  SWITCHING  STATIONS 

EXCLUDING  ALL  ALLOWANCES  FOR  CONTINGENCIES 

AND  FOR  ENGINEERING,  ooo-VOLT  D.  C.  SYSTEM 

(Chicago  ft  North  Western  Railway) 

(Basis  of  1912) 


213.122  Switching  Stations:  Switching  sta- 
tions similar  to  those  described  in  section  213.019 
have  served  as  a  basis  for  estimates  of  cost  for  the 
2,4OO-volt  and  i  i,ooo-volt  systems  for  the  Chicago 
&  North  Western  Railway.  The  switching  sta- 
tions for  the  6oo-volt  third  rail  system  have  been 
assumed  to  consist  of  groups  of  distant-controlled 
carbon  break  circuit  breakers  housed  in  small 
inexpensive  buildings.  For  all  the  systems  it  is 
assumed  that  the  circuit  breakers  in  the  switching 
stations  will  be  controlled  from  a  neighboring 
interlocking  tower,  station  or  other  building  in 
which  an  employe  will  always  be  on  duty. 

The  number,  characteristics  and  estimated  costs 
of  the  switching  stations  required  for  each  of  the 


Number 
of  Stations 

Number  of 
™  per 

•Mill 

Coat  per  Station. 

Total  Cost 

1 

2 

3 

4 

6 

4                           »  3.1.10 

$18.800 

2 

5 

7  no 

• 

i  no 

22.800 

1 

1 

(  no 

,,  .,  0 

10 

7,040 

7,0*0 

1 

12 

,   Kill 

1,400 

1 

18 

10.9W 

10.850 

17 

182.060 

TABLE  CCCLX. 

ESTIMATED  COSTS   OF  SWITCHING   STATIONS. 

EXCLUDING 

ALL    ALLOWANCES    FOR    CONTINGENCIES 

AND  FOR 

KNC.INEER1NG.  J.400-VOLT  D.  C.  SYSTEM 

(Chicago  ft  North  Western  Railway) 

(Batii  of  loll) 

XSL 

Niimtifr  of 
r«  per 
Station 

Cost  per  Station. 
Complete 

ToUlCost 

i 

:t 

4 

11 

4 

»  3.340 

$:«•  I 

2 

s 

4,1*0 

8.300 

7 

1 

i  am 

33.000 

u 

8                             '•-••" 

li.j.Mi 

1 

10                                    7 

7..WI 

1 

12                              8.000 

.,,.,,, 

1 

in 

11.750 

11.750 

24 

$113.300 

TABLE  CCCLXI. 

ESTIMATED  COSTS  OF  SWITCHING  STATIONS. 

EXCLUDING  ALL  ALLOWANCES  FOR  CONTINGENCIES 

AND  FOR  ENGINEERING,  n.ooo-VOLT  A.  C.  SYSTEM 

(Chicago  ft  North  Western  Railway) 

(Basis  of  ion) 

Numtxr 
of   Stations 

Niimlwr  of 
Feeder*  per 

•ion 

Cost  per  Station, 
Complete 

Total  Cost 

1 

3 

4 

10 

4 

*  1.400 

$14,000 

2 

6 

1.7.V) 

00 

6 

2.l<«i 

14.700 

1 

IS 

4.20(1 

i  no 

1 

II 

i    .  10 

|                 1 

Ifl 

yooo 

22 

$4f. 

The  total  costs  presented  in  the  preceding 
tables  represent  the  costs  of  labor  and  materials 
on  the  basis  of  the  requirements  of  1912.  These 
have  been  extended  in  a  manner  normal  to  these 
estimates  (section  212.09),  to  cover  growth,  contin- 
gencies, engineering,  and  interest,  insurance  and 
taxes  during  construction,  the  factors  of  extension 
being  the  same  as  those  used  for  the  switching 
stations  for  the  entire  terminal  (section  213.021). 
The  estimated  total  costs  of  the  switching  stations 
for  the  Chicago  &  North  Western  Railway,  on  the 
basis  of  the  requirements  of  1922,  are  as  follows: 

6oo-volt  direct  current $142,616 

2,4oo-volt  direct  current 196,934 

1 1 ,000- volt  alternating  current 80,912 
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213.123  Contact  System:  The  types  of  con- 
tact, upon  which  estimates  are  based,  include 
the  third  rail  for  the  6oo-volt  direct  current 
system  and  the  overhead  catenary  construction 
for  the  2,400-volt  direct  current  and  the  1 1,000- 
volt  alternating  current  systems. 

Two  types  of  third  rail  are  available,  the  top 
contact  type  and  the  under  contact  type.  These 
have  been  described  in  chapter  207.  For  the 
purpose  of  these  estimates,  the  top  contact  type 
has  been  used. 

As  a  preliminary  to  the  preparation  of  estimates 
of  the  cost  of  the  third  rail  and  its  appurtenances, 
the  location  and  arrangement  of  all  third  rail 
conductors  were  carefully  laid  out  on  the  track 
plans  for  both  main  and  yard  tracks.  For  main 
tracks  and  ladder  tracks  in  yards,  the  third  rail 
conductor  is  to  be  of  special  composition  low 
resistance  steel,  weighing  150  pounds  per  yard. 
For  other  yard  and  industrial  track  the  con- 
ductor rail  is  to  be  of  steel  of  standard  composi- 
tion and  section,  weighing  25  pounds  per  yard. 
The  iso-pound  section  is  to  be  bonded  at  joints 
with  four  450,000  circular  mils  copper  bonds  and 
the  2  5 -pound  section  is  to  be  bonded  with  two 
No.  oooo  A.  W.  G.  bonds.  The  third  rail  is  to  be 
made  as  nearly  continuous  as  local  conditions 
will  permit.  Gaps  will  be  necessary  at  certain 
types  of  switches  and  other  complicated  track 
work  and  at  highway,  foot-path  and  railroad 
crossings.  Some  of  these  gaps  will  not  be  more 
•than  a  few  feet  in  length  and  trains  can  be  oper- 
ated over  them  without  difficulty,  but  others 
will  be  of  such  length  or  so  located  that  a  sup- 
plementary means  of  providing  continuous  contact 
will  be  necessary.  At  such  places  it  is  assumed 
that  an  overhead  contact  rail  will  be  used,  the 
tracks  rearranged  or  the  length  of  the  gap 
reduced  in  some  other  manner.  Where  a  gap  in 
the  third  rail  is  necessary,  the  continuity  of  the 
electric  circuit  is  maintained  by  underground 
jumpers.  These  are  to  be  of  insulated  cable  in- 
stalled in  iron  pipe  and  provided  with  suitable  pot- 
heads  and  terminals  for  connection  to  the  ends 
of  the  third  rail.  Those  for  the  iso-pound  third 
rail  will  be  of  2,000,000  circular  mils  and  those  for 
the  25-pound  rail  will  be  of  750,000  circular  mils. 
The  overhead  contact  rail  for  use  at  places  where 
the  third  rail  is  impracticable  is  to  be  of  steel 
T-bar,  weighing  five  pounds  per  foot,  placed  in 


an  inverted  position.  Where  joints  occur  they 
are  to  be  bonded  with  No.  oooo  A.  W.  G.  copper 
bonds.  This  contact  rail  is  to  be  supported  from 
a  steel  messenger  cable  by  hangers  of  such  length 
that  the  contact  will  normally  be  24  feet,  a  inches, 
above  the  top  of  the  track  rails.  The  messenger 
cable  or  catenary  is  to  be  supported  by  steel  poles 
or  bridges  similar  to  those  for  the  overhead  con- 
tact systems  (section  213.025).  These  supporting 
structures  will  be  spaced  at  intervals  of  not  more 
than  1 50  feet.  In  locations  where  overhead  contact 
rail  is  required  for  tracks  in  streets,  the  supports 
are  to  be  located  on  the  curb  line.  When  overhead 
contact  rail  is  required  in  locations  where  there 
are  overhead  obstructions,  such  as  under  bridges 
or  other  structures,  it  is  to  be  supported  from  the 
existing  obstruction  and  the  normal  height  is 
to  be  reduced  as  conditions  require,  but  in  no  case 
is  it  to  be  less  than  16  feet.  Over  slip  switches  a 
grid  of  three  T-irons  bolted  together  and  supported 
by  pipe  spacers  is  to  be  used  instead  of  a  single 
contact.  Connection  between  the  overhead  rail 
and  the  third  rail  is  to  be  made  by  means  of 
insulated  cable.  Gaps  requiring  the  use  of  over- 
head contact  rail  occur  at  the  following  locations : 

1.  Passenger  terminal  stations. 

2.  Main  tracks  at  streets  or  railroad  crossings 
near  stations  and   near  switches   to   industrial, 
yard  or  side  tracks. 

3.  Yard  ladder  tracks  and  at  throats  of  yards. 

4.  Industrial  and  team  tracks  at  street  crossings. 

5.  Double  slip  switches. 

The  use  of  the  third  rail  will  require  all  tracks 
to  be  adequately  protected  by  fences.  Although 
much  of  the  trackage  of  the  Chicago  &  North 
Western  Railway  is  at  present  fenced,  additional 
right-of-way  fence,  inter-track  fence  and  cattle- 
guards  with  wing  fences  will  be  required.  As  a 
basis  for  the  estimates,  it  has  been  assumed  that 
the  right-of-way  fence  will  consist  of  woven  wire, 
4  feet,  6  inches,  high,  with  stays  6  inches  apart, 
supported  by  cedar  posts,  with  6-inch  tops,  spaced 
at  intervals  of  8  feet.  This  type  of  fence  is  now  in 
general  use  on  the  lines  of  the  Chicago  &  North 
Western  Railway  in  and  near  Chicago.  A  wooden 
picket  fence  4  feet,  6  inches,  high  is  to  be  provided 
for  inter-track  fence.  The  wing  fence  is  to  con- 
sist of  wooden  rails  and  is  to  be  4  feet,  4  inches, 
high.  Cattle-guards  are  to  be  of  vitrified  tile. 

A  submarine  cable  is  to  be  provided  at  the 
river  crossing  near  Kinzie  Street.  Two  1,000,000 
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circular  mils  armored  insulated  cables  are  to  be  pro- 
vided for  preserving  continuity  of  third  rail  circuit. 
The  following  unit  costs  have  been  used  in 
estimating  the  cost  of  the  third  rail  contact  system : 

I5opound  third  rail,  installed  with  protection  and 

bonding,  per  mile $8,500.00 

25-pound  third  rail,  installed  with  protection  and 

bonding,  per  mile 4,000.00 

13-foot  jumpers,  2,000,000  circular  mils  each  .  .  95 .00 

13-foot  jumpers,  750,000  circular  mils  each  .  .  ".  65.00 
Additional  length  of  jumper,  2,000,000  circular  mils 

per  foot 3.00 

Additional  length  of  jumper,  750,000  circular  mils 

per  foot I  •  70 

Right-of-way  fence,  per  mile 576.00 

Inter-track  fence,  per  foot 0.60 

Wing  fence,  per  foot 0.35 

Cattle-guards  in  place,  per  set 20.00 

The  estimated  costs  of  the  contact  construction 
required  for  the  6oo-volt  direct  current  third  rail 
system,  excluding  all  allowances  for  contingencies 
and  for  engineering,  on  the  basis  of  1912,  are 
shown  by  table  CCCLXII. 

TABLE  CCCLXII.     ESTIMATED  COSTS  OF  CONTACT  CONSTRUC- 
TION. 600-VOLT  D.  C.  THIRD  RAIL  SYSTEM 
(Chicago  &  North  Western  Railway) 
(Baiis  of  ion) 


Third  rail 

Overhead  contact  rail 

Fences  and  cattle-guards 
Submarine  crnming 


i    •,:•     -• 


30.040 
MM 

Total S3.747.(i:«> 

The  estimates  presented  in  table  CCCLXII 
do  not  include  the  cost  of  changes  to  structures  to 
permit  the  installation  of  the  third  rail  conduc- 
tors. The  character  of  these  changes  and  their 
cost  are  given  in  section  213.130. 

The  type  of  construction  required  for  the  over- 
head contact  system  for  the  2,4oo-volt  direct 
current  and  the  11,000- volt  alternating  current 
systems  has  been  described  (sections  213.022  to 
213.025,  inclusive,  and  in  sections  213.028  and 
213.029).  The  unit  costs  there  given  have  also 
been  used  in  estimating  the  cost  of  the  contact 
required  on  the  Chicago  &  North  Western  Rail- 
way for  both  these  systems.  The  costs  deter- 
mined by  this  process,  excluding  all  allowances 
for  contingencies  and  for  engineering,  on  the 
basis  of  1912,  are  as  follows: 

2,400- volt  direct  current $2,800,231 

1 1  ,ooo-volt  alternating  current 2.273,727 

The  estimated  cost  presented  for  the  overhead 
contact  systems  does  not  include  the  cost  of 


changes  to  wire  lines  and  structures  nor  the  cost 
of  bridge  warnings.  These  are  set  forth  in  sec- 
tions 213.124  and  213.131. 

The  degree  to  which  the  several  classes  of 
track  are  responsible  for  the  cost  of  the  contact 
system  and  its  accessories  is  shown  by  table 
CCCLXIII. 

TABLE  CCCLXIII.      ESTIMATED   COSTS  OF   CONTACT   SYSTEM. 
EXCLUDING   ALL  ALLOWANCES   FOR   CONTIN- 
GENCIES AND  FOR  ENGINEERING 
(Chicago  A  North  Western  Railway) 
(Basis  of  1911) 


System 

Main 
Tracks 

All 
Otte 

Tr:,.,,- 

Adjacent 
Industrial 
Tracks 

us* 

Total  for 
All  Tracks 

1 

* 

4 

flOO-volt  direct  current.  . 
2.400-volt  direct  currvnt 
11.  two-volt  alt's;  current 

ta.3A5.220 

1.78  ;  rat 

I,  loo,67« 

SI.  34  4,  07  A 
074,410 
878,494 

S48.03S 
41.062 
30.SS4 

S3.747.030 
MOOJS1 

2.273,727 

The  costs  shown  by  table  CCCLXIII  repre- 
sent the  cost  of  labor  and  materials  for  all  systems 
on  the  basis  of  the  requirements  of  1912.  These 
have  been  extended  in  a  manner  normal  to  these 
estimates  (section  212.09),  to  cover  growth,  contin- 
gencies, engineering,  and  interest,  insurance  and 
taxes  during  construction,  the  factors  of  extension 
being  the  same  as  those  used  for  the  contact 
system  for  the  entire  terminal  (section  213.032). 
The  estimated  total  cost  of  the  contact  system  for 
the  Chicago  &  North  Western  Railway,  on  the 
basis  of  the  requirements  of  1922,  is  as  follows: 

600- volt  direct  current        $7,106,749 

2, 400- volt  direct  current  5,309,742 

1 1,000- volt  alternating  current 4, 31 1,396 

An  examination  of  the  extent  to  which  each  of 
the  two  types  of  contact  systems,  for  which  es- 
timates have  been  prepared,  is  applicable  to  the 
existing  conditions,  is  of  interest.  In  a  number 
of  cases  where  tracks  are  located  in  streets, 
buildings  or  repair  yards,  a  careful  study  reveals 
no  means  by  which  the  third  rail  contact,  even 
in  connection  with  the  overhead  contact  rail, 
can  be  satisfactorily  applied.  In  some  locations, 
also,  conditions  will  not  permit  the  installation 
of  any  type  of  contact  construction  suitable  for 
the  2,4oo-volt  or  the  n,ooo-volt  systems.  As  a 
result  of  these  limitations  there  are  11.65  rniles  of 
track,  comprising  9.15  miles  of  dock  and  shop 
yard  tracks  and  2.5  miles  of  industry  and  repair 
tracks,  which  cannot  be  electrically  equipped 
and  operated  by  the  6oo-volt  third  rail  system, 
and  3.5  miles  of  track,  of  which  1.71  miles  are 
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repair  and  shop  yard  tracks  and  1.79  miles  are 
industrial  tracks,  which  cannot  be  equipped  for 
operation  with  either  the  a,4oo-volt  or  the  11,000- 
volt  overhead  contact  systems.  Trackage  of 
this  kind  would,  in  the  event  of  the  complete 
elimination  of  the  steam  locomotive,  necessarily 
be  operated  by  some  one  0f  the  specialized  forms 
of  locomotives  discussed  in  chapter  204. 

213.124  Bridge  Warnings:  In  section  213.023 
it  has  been  shown  that,  for  both  systems  employ- 
ing overhead  contact,  special  bridge  warnings  will 
be  required  to  protect  trainmen  on  tops  of  cars. 
Although  some  overhead  contact  will  be  used  for 
the  third  rail  system,  bridge  warnings  will  not 
be  needed  for  this  system.  The  overhead  third 
rail,  where  used,  will  be  maintained  at  a  safe 
height  except  where  existing  overhead  obstruc- 
tions prevent,  in  which  cases  the  warnings  now 
used  for  the  obstruction  will  suffice.  Electrifica- 
tion of  the  Chicago  &  North  Western  Railway, 
with  either  the  2,4oo-volt  direct  current  system 
or  the  ii,ooo-volt  alternating  current  system  will 
require  special  bridge  warnings  over  118  main 
tracks  and  over  149  other  tracks.  Applying  the 
unit  costs  used  for  the  entire  terminal  (section 
213.034),  namely,  $500.00  for  each  main  track 
warning  and  $50.00  for  each  yard  or  industrial 
track  warning,  the  costs  of  bridge  warnings,  ex- 
cluding all  allowances  for  contingencies  and  for 
engineering,  on  the  basis  of  1912,  is  estimated  as 
shown  in  table  CCCLXIV. 

TABLE  CCCLXIV.      ESTIMATED  COSTS  OF  BRIDGE  WARNINGS. 
EXCLUDING  ALL  ALLOWANCES  FOR  CONTINGENCIES 

AND    FOR    ENGINEERING 

(Chicago  &  North  Western  Railway) 

(Basis  of  1913) 


System 

Main 
Tracks 

All  Other 
Tracks 

Total 

1 

a 

3 

4 

*         0 

*       0 

*         0 

59,000 

7,460 

,;.,.-r." 

11,000-voIt  alternating  current  

69,000 

7,480 

.  66.450 

The  costs  shown  by  table  CCCLXIV  represent, 
for  the  three  systems,  the  costs  of  labor  and  ma- 
terials on  the  basis  of  the  requirements  of  1912. 
These  have  been  extended  in  a  manner  normal  to 
these  estimates  (section  212.09), to  cover  growth, 
contingencies,  engineering,  and  interest,  insurance 
and  taxes  during  construction,  the  factors  of  ex- 
tension being  the  same  as  those  applied  to  the 
estimates  of  costs  of  bridge  warnings  for  the  en- 
tire terminal  (section  213.036).  The  estimated 


total  cost  of  bridge  warnings  for  the  Chicago  & 
North  Western  Railway,  on  the  basis  of  require- 
ments of  1922,  is  as  follows: 


6oo-volt  direct  current  .  . 
2,400-volt  direct  current  . 
1 1,000- volt  alternating  current 


%  O 

«o8.554 
108.554 


213.125  Return  Circuit:  The  estimates  of 
cost  of  track  bonding  for  the  Chicago  &  North 
Western  Railway  for  the  2, 400- volt  direct  current 
and  the  11,000- volt  alternating  current  systems 
are  based  upon  the  unit  costs  employed  in  deter- 
mining the  cost  of  bonding  for.  all  railroads 
(section  213.041).  For  the  600- volt  direct  current 
system,  the  character  of  bonding  selected  as  a 
basis  of  estimates  is  the  same  as  that  used  as  a 
basis  for  the  estimates  of  bonding  for  the  2,400- 
volt  direct  current  system.  The  unit  costs  set 
forth  in  section  213.041  for  the  2,400-volt  system 
have  been  used  in  preparing  estimates  for  the 
600- volt  system,  with  an  addition  of  $15.00  per 
mile  of  main  track  to  the  cost  of  the  substation 
connections,  this  addition  being  due  to  the  greater 
number  of  substations  required  for  the  6oo-volt 
system.  The  cost  of  new  splice  bars  for  all  tracks 
to  be  bonded  is  the  same  for  the  three  systems. 
At  the  Chicago  River  crossing  near  Kinzie  Street 
a  1,000,000  circular  mils  submarine  cable  is  to  be 
provided  for  the  6oo-volt  direct  current  system,  to 
preserve  the  continuity  of  the  return  circuit.  The 
cost  of  this  cable  is  estimated  as  $1,650,  and  this 
amount  is  included  in  the  total  cost  of  bonding 
main  tracks. 

The  estimated  costs  of  labor  and  materials  for 
track  bonding,  and  other  items  which  go  to  make 
up  the  return  circuit  for  each  of  the  three  systems 
and  for  the  several  classes  of  track,  based  upon 
the  requirements  of  1912,  excluding  all  allowances 
for  contingencies  and  for  engineering,  are  given  in 
table  CCCLXV. 


TABLE  CCCLXV.    ESTIMATED  COSTS  OF  RETURN  CIRCUIT.  EX- 
CLUDING  ALL  ALLOWANCES  FOR  CONTINGENCIES 

AND  FOR  ENGINEERING 

(Chicago  &  North  Western  Railway) 

(Basil  of  1912) 


System 

Main 

I  :  -,       - 

Other 
Track* 

Industrial 
Tracks 
Privately 

Total 

Owned 

1 

a 

a 

4 

5 

$356.075 
350.472 

253.88« 

$109.103 
174.604 

1W.286 

$6.103 
6.103 

4.638 

$531.381 
531.178 

387.810 

2,400-  volt  direct  current  
11,000-volt  alternating 
currant  
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The  costs  shown  by  table  CCCLXV  represent 
the  costs  of  labor  and  materials  on  the  basis  of 
requirements  of  1912.  These  have  been  extended 
in  a  manner  normal  to  these  estimates  (section 
212.09),  to  cover  growth,  contingencies,  engineer- 
ing, and  interest,  insurance  and  taxes  during  con- 
struction, the  factors  of  extension  being  the  same 
as  those  used  for  the  return  circuit  for  the  entire 
terminal  (section  213.043).  The  estimated  total 
cost  of  the  return  circuit  for  the  Chicago  &  North 
Western  Railway,  based  upon  the  requirements  of 
1922,  is  as  follows: 

6oo-volt  direct  current $1,007,404 

2,4OO-volt  direct  current 1,007,211 

1 1,000- volt  alternating  current 735.358 

213.126  Prevention  of  Inductive  Effects  and 
Electrolysis:  The  methods  to  be  employed  for 
overcoming  inductive  effects  with  the  1 1  ,ooo-volt 
alternating  current  system  have  been  outlined  in 
section  213.044.  The  substations  are  to  be  so 
located  as  to  provide  suitable  feeding  points  and 
the  bonding  is  to  be  ample  to  secure  a  return  cir- 
cuit of  low  resistance.  Booster  transformers  are 
to  be  provided  in  the  railroad  circuits  at  intervals 
of  about  1.5  miles.  The  booster  transformers  will 
be  the  only  devices  provided  solely  for  the  pre- 
vention of  inductive  interferences,  and  therefore 
their  cost  constitutes  the  cost  of  preventing  in- 
ductive effects. 

Similarly,  with  the  600- volt  and  the  2, 400- volt 
direct  current  systems,  liberal  bonding  and  proper 
location  of  substations  will  so  reduce  the  differ- 
ence of  potential  in  the  return  circuit  that  seri- 
ous damage  from  electrolysis  will  not  occur.  As 
these  measures  are  beneficial  in  other  respects, 
no  attempt  has  been  made  to  determine  the  pro- 
portion of  their  cost  which  is  applicable  to  the 
prevention  of  electrolysis. 

The  costs  of  booster  transformers,  excluding  all 
allowances  for  contingencies  and  for  engineer- 
ing, have  been  determined  for  the  n,ooo-volt 
alternating  current  system,  upon  the  basis  of 
the  requirements  of  1912,  as  set  forth  in  table 
CCCLXVI. 

The  costs  shown  by  table  CCCLXVI  represent 
the  costs  of  labor  and  materials  on  the  basis  of 
the  requirements  of  1912.  These  have  been  ex- 
tended in  a  manner  normal  to  these  estimates 
(section  212.09)  to  cover  growth,  contingencies, 
engineering,  and  interest,  insurance  and  taxes 


TABLE    CCCLXVI.       ESTIMATED    COSTS    OF    BOOSTER    TRANS- 
FORMER INSTALLATIONS  FOR  THE  PREVENTION  OP  INDUC- 
TIVE   EFFECTS.   EXCLUDING   ALL   ALLOWANCES   FOR 
CONTINGENCIES  AND   FOR   ENGINEERING. 

it.ooo-  VOLT  A.  C.  SYSTEM 

(Chicago  ft  North  Wertem  Railway) 

(Baaiiof  ion) 


Number 
of  Iu»talhition« 

No.  of  Trerk. 
at  Each 
Initallation 

Coit  per 

I  ••-•    >]!    ,1  :..!! 

Total  Cort 

1 

* 

4 

38 
13 

e 
a 

2 

4 
0 

$1.000 

I...--. 

1,000 

2.MO 

(38.000 

i  :_•-•-. 

12.000 
15.900 

A3 

MS.11S 

during  construction,  the  factors  of  extension  being 
the  same  as  those  applied  to  the  estimates  of  the 
cost  of  prevention  of  inductive  effects  for  the 
entire  terminal  (section  213.047).  The  estimated 
total  cost  of  preventing  inductive  effects  on  the 
Chicago  &  North  Western  Railway,  on  the  basis  of 
the  requirements  of  1922,  is  as  follows: 

6oo-volt  direct  current o 

2,4OO-volt  direct  current o 

1 1 ,000- volt  alternating  current $157,620 

213.127  Telephone  System:  The  cost  of  the 
telephone  system  required  for  the  Chicago  & 
North  Western  Railway  is  the  same  for  the  three 
systems  of  electrification.  The  cost  of  the  tele- 
phone patrol  line  is  based  upon  an  estimated  unit 
cost  of  $300  per  mile  of  route.  The  route  mileage 
of  the  Chicago  &  North  Western  Railway  in- 
cluded in  the  plan  of  electrification  is  91.7.  It 
is  assumed  that  the  telephone  lines  and  equip- 
ment required  for  inter-communication  between 
power  station,  substations  and  other  new  facili- 
ties to  be  provided  in  the  event  of  electrification, 
will  be  furnished  by  the  local  telephone  company 
upon  a  rental  basis,  and  that  their  cost  will  not 
be  a  capital  charge.  The  rental  charge  will 
affect  the  operating  expense,  as  has  been  previ- 
ously discussed  in  section  213.047. 

The  estimated  costs  of  labor  and  materials 
required  for  the  telephone  patrol  lines  for  each 
system,  based  upon  the  conditions  in  1912,  are  as 
follows : 

6oo-volt  direct  current $27,510 

2,4oo-volt  direct  current 27,510 

1 1, ooo- volt  alternating  current 27.5'O 

This  cost  represents  the  cost  of  labor  and  ma- 
terials on  the  basis  of  the  requirements  of  1912. 
These  have  been  extended  in  a  manner  normal  to 
these  estimates  (section  2-12.09),  to  cover  growth, 
contingencies,  engineering,  and  interest,  insurance 
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and  taxes  during  construction,  the  factors  of 
extension  being  the  same  as  those  applied  to  the 
estimates  of  the  cost  of  telephone  patrol  line  for 
the  entire  terminal  (section  213.052).  The  esti- 
mated total  cost  of  the  telephone  patrol  line  for 
the  Chicago  &  North  Western  Railway,  upon  the 
basis  of  the  requirements  of  1922,  is  as  follows: 

6oo-volt  direct  current $44,138 

2,4oo-volt  direct  current 44,138 

1 1, ooo- volt  alternating  current 44,138 

213.128    Electric   Locomotives,   Multiple-Unit 
Equipment,    Work    and    Inspection   Equipment: 

The  number  of  electric  locomotives  required  for 
each  class  of  service  and  the  numbef  of  multiple- 
unit  cars  required  for  suburban  service  are  the 
same  for  all  of  the  systems  of  electrification  under 
consideration.  The  types  of  locomotive  and  car 
equipment  required  have  been  described  in  sec- 
tions 213.053  to  213.059,  inclusive.  The  work  arid 
inspection  equipment  required  for  the  2,4oo-volt 
direct  current  system  and  for  the  n,ooo-volt  al- 
ternating current  system  has  also  been  described 
in  that  chapter.  The  inspection  cars  required  for 
the  6oo-volt  direct  current  system  will  consist  of 
small  gasoline  cars  similar  to  those  described  for 
the  systems  using  the  overhead  contact.  These 
cars  will  carry  several  men,  light  tool  equipment 
and  a  limited  amount  of  repair  parts  and  fittings 
for  the  third  rail.  One  of  these  cars  and  a  shelter 
for  housing  it  are  to  be  provided  for  each  ten 
miles  of  route.  For  maintaining  electric  train 
operation  when  sleet  is  falling  on  the  contact  sur- 
face of  the  third  rail,  cars  for  applying  chlorid  of 
calcium  and  pilot  trains  are  to  be  provided.  The 
former  are  to  be  made  from  old  passenger  coaches 
by  equipping  them  with  tanks  for  carrying  a  solu- 
tion of  calcium  chlorid,  and  with  a  system  of  piping 
and  outlets  for  applying  the  solution  to  the  con- 
tact surface  of  the  third  rail.  The  pilot  trains 
may  consist  of  three  old  passenger  coaches,  each 
of  which  will  be  provided  with  a  full  set  of  sleet 
cutting  contact  shoes.  During  sleet  storms,  the 
calcium  chlorid  car  will  be  drawn  over  the  road 
by  a  steam  locomotive  and  the  solution  will  be 
applied  to  the  contact  surface  of  the  third  rail  to 
prevent  temporarily  the  formation  of  ice  or  to 
soften  it  if  already  formed.  The  pilot  trains  will 
follow  the  chlorid  car  and  will  scrape  off  the 
softened  ice  so  that  the  shoes  of  the  electric  loco- 
motives and  cars  may  be  able  to  make  contact. 


One  chlorid  car  is  to  be  provided  for  each  25  miles 
of  main  track.  Since  the  Chicago  &  North  West- 
ern Railway  would  require  a  large  number  of  mul- 
tiple-unit cars,  it  has  been  assumed,  in  preparing 
the  estimates,  that  these  would  be  used  as  pilot 
trains  and  no  additional  cost  for  such  equipment 
has  been  included. 

The  amount  of  rolling  equipment  required  to 
operate  the  Chicago  &  North  Western  Railway 
by  each  system  of  electric  traction,  under  condi- 
tions which  obtained  in  1912,  is  shown  by  table 
CCCLXVII. 

TABLE     CCCLXVII.      NUMBER     OP     ELECTRIC     LOCOMOTIVES. 

AND  AMOUNT  OP  MULTIPLE-UNIT  EQUIPMENT  ANTJ  WORK 

AND  INSPECTION  EQUIPMENT  REQUIRED  POR 

ELECTRIC  OPERATION 

(Chicago  &  North  Western  Railway) 

(Basil  of  1911) 


Equipment 

800- 
Volt 
D.  C. 

2.400- 
Volt 
D.  C. 

11.000- 
Volt 
A.  C. 

i 

» 

3 

4 

94 

04 

M 

15 

15 

15 

42 

42 

42 

159 

159 

159 

89 

89 

9 

13 

13 

0 

3 

3 

12 

0 

0 

It  will  be  noted  that  the  locomotive  require- 
ments set  forth  in  table  CCCLXVII  differ  from 
those  given  for  the  Chicago  &  North  Western 
Railway  in  the  estimates  of  the  cost  of  complete 
electrification  of  the  entire  terminal  (section 
213.065).  This  difference  is  due  to  the  assumption 
that,  since  the  present  estimate  is  for  the  electri- 
fication of  the  Chicago  &  North  Western  Railway 
alone,  independent  of  all  other  roads,  the  traffic 
now  handled  by  the  Chicago  &  North  Western 
Railway  locomotives  on  tracks  of  other  railroads 
will  continue  to  be  handled  by  steam  locomotives. 
The  unit  costs  of  equipment  for  each  system,  on 
the  basis  of  1912,  are  given  in  table  CCCLXVIII. 

TABLE  CCCLXVIII.     UNIT  COSTS  OF  ELECTRIC  LOCOMOTIVES. 
MULTIPLE-UNIT  EQUIPMENT  AND  WORK  AND 

INSPECTION  EQUIPMENT 

(Chicago  &  North  Western  Railway) 

(Basis  of  ion) 


Equipment 

000- 
Volt 
D.  C. 

VSt 
D.  C. 

11.000- 
Voll 
A.  C. 

1 

a 

. 

4 

$2*000 

$30000 

$33000 

4O.ODO 

42000 

50.000 

57  500 

,- 

17,800 

20  20O 

2O  10U 

Multiple-unit  trailer  cars  

10.500 

10,400 

10.4OO 

Line  inspection  cars,  including  tool  equip- 

400 

475 

475 

Ropair  trains,  excluding  locomotives  

5,000 

5000 

Calcium  chlorid  rars  for  removing  sleet. 

1.130 

972 


SMOKE  ABATEMENT  AND  ELECTRIFICATION  IN  CHICAGO 


The  estimated  total  cost  of  rolling  equipment 
and  the  cost  of  each  type  of  equipment  for  the 
several  systems  under  consideration,  on  the  basis 
of  the  requirements  of  1912,  excluding  all  allow- 
ances for  contingencies  and  for  engineering,  are 
set  forth  in  table  CCCLXIX. 

The  costs  shown  by  table  CCCLXIX  represent 
the  costs  of  rolling  equipment  on  the  basis  of  the 
requirements  of  1912.  These  have  been  extended 
in  a  manner  normal  to  these  estimates  (section 
212.09),  to  cover  growth,  contingencies,  engineer- 
ing, and  interest,  insurance  and  taxes  during 
construction,  the  factors  of  extension  being  the 
same  as  those  applied  to  the  estimates  of  the 
cost  of  rolling  equipment  for  the  entire  terminal 
(section  213.069).  The  estimated  total  cost  of 
electric  rolling  equipment  for  the  Chicago  & 
North  Western  Railway,  on  the  basis  of  the 
requirements  of  1922,  is  as  follows: 

6oo-volt  direct  current $15,511.865 

2,4oo-volt  direct  current 16,770,059 

1 1,000- volt  alternating  current 17,968,143 

213.129  Spare  Parts:  Spare  parts  for  the 
power  station,  substations,  switching  stations, 
transmission  system,  contact  system,  and  cars 
and  locomotives,  for  both  the  2,4oc-volt  direct 
current  and  the  1 1,000- volt  alternating  current 
systems,  have  been  described  in  section  213.070. 
Spare  parts  to  be  provided  for  the  Chicago  & 
North  Western  Railway  for  either  of  these  sys- 
tems are  to  be  of  the  same  general  character. 
For  the  6oo-volt  direct  current  system,  the  neces- 
sary spare  parts  for  third  rail  will  be  substituted  for 
those  required  for  overhead  contact.  On  account 
of  the  greater  amount  of  apparatus  required  for 
the  6oo-volt  substations  and  the  greater  length  of 
the  transmission  circuit  for  this  system,  the  cost 
estimated  for  spare  parts  exceeds  that  necessary 
for  these  items  for  the  other  two  systems. 


The  estimated  costs  of  spare  parts  for  each  sys- 
tem, on  the  basis  of  the  requirements  of  1912, 
excluding  all  allowances  for  contingencies  and 
for  engineering,  are  given  in  table  CCCLXX. 

TABLE  CCCLXX.     ESTIMATED  COSTS  OF  SPARE  PARTS.  EX- 
CLUDING ALL  ALLOWANCES  FOR  CONTINGENCIES 

AND  FOR  ENGINEERING 
(Chicago  ft  North  Western  Railway) 
(Basis  of 


IW» 

600- 
Volt 
D.  C. 

2.400- 
Volt 

ii  0 

11,000- 
Volt 
A.C. 

1 

4 

SI7  """ 

fl7,OOO 

1  17,000 

For  ButxttatioQ  and  switching  station*.   . 
For  transmission  line  and  contact  system  . 
For  multiple-unit  cars  and  locomotive*.  . 

10.600 
8,000 

44,700 

12,500 
8,000 
44.700 

B.MO 
1,000 

44,700 

Tot»l«. 

(80.200 

§70.200 

The  costs  shown  by  table  CCCLXX  represent 
the  costs  of  spare  parts  on  the  basis  of  require- 
ments of  1912.  These  have  been  extended  in  a 
manner  normal  to  these  estimates  (section  212.09), 
to  cover  growth,  contingencies,  engineering,  and 
interest,  insurance  and  taxes  during  construc- 
tion, the  factors  of  extension  being  the  same  as 
those  applied  to  the  estimated  costs  of  the  plant 
or  facility  for  which  spare  parts  are  required. 
The  estimated  total  cost  of  spare  parts  for  the 
Chicago  &  North  Western  Railway,  on  the  basis 
of  the  requirements  of  1922,  is  as  follows: 

6oo-volt  direct  current $136,344 

2,4OO-volt  direct  current 129,232 

1 1 ,000- volt  alternating  current 124,018 

213.130  Changes  and  Alterations  to  Struc- 
tures: Changes  and  alterations  to  structures, 
required  for  the  installation  of  the  third  rail 
contact  conductors,  are  quite  different  from  those 
required  for  overhead  contact  conductors.  For 
the  third  rail,  changes  are  necessary  to  those 
structures  alongside  the  tracks  which  encroach 
upon  the  proposed  standardized  location  of  the 
third  rail  contact.  With  overhead  contact,  the 
changes  to  structures  comprise  those  necessary  to 


TABLE  CCCLXIX.     ESTIMATED  COSTS  OF  ROLLING  EQUIPMENT  FOR  ELECTRIC  OPERATION.  EXCLUDING  ALL  ALLOWANCES  FOR 

CONTINGENCIES  AND  FOR  ENGINEERING 

(Chicago  &  North  Western  Railway) 
(Basis  of  19x2) 


1 

Equipment 

MO-Voll 
D.  C. 

l!.4l>0-Volt 
D.  C. 

11.000-Volt 
A.  C. 

1 

a 

3 

4 

Switching  locomotives  

12,632.000 

(2,820.000 

(3,102.000 

Road  freight  locomotives  

B  

630,000 

780,000 

Passenger  locomotives  

2,41fi.OOO 

2,499,000 

2,835,000 

Multiple-unit  motor  cars  

2,750,700 

3,211.800 

3,195,900 

Multiple-unit  trailer  cars  .    .    .    . 

834,800 

036,800 

925,600 

Line  inspection  cars  

I  tog 

6,175 

6,175 

Repair  trains  

0 

16,000 

15,000 

Calcium  chlorid  cars  .  -  . 

13,440 

o 

0 

Totals  

tfl.-i  i 

(10.107,575 

»1U.S29.675 

ESTIMATED  COST  OF  COMPLETE  ELECTRIFICATION 


973 


provide  a  certain  minimum  clearance  for  the  con- 
tact wires  above  the  tracks.  Changes  required 
for  the  6oo-volt  direct  current  third  rail  system 
on  the  Chicago  &  North  Western  Railway  involve 
the  following: 

1.  Alterations  to  station  platforms. 

2.  Moving  switch  machines  and  boxes. 

3.  Cutting  bridge  gusset- plates. 

4.  Changes  in  tracks. 

5.  Changes  in  other  structures. 

At  station  platforms  the  third  rail  is  to  be  placed, 
when  possible,  on  the  side  of  the  track  opposite  the 
platform,  and  the  platform  is  to  be  provided  with 
an  extension  under  which  the  contact  shoes  of  the 
rolling  equipment  may  pass.  This  extension  will 
act  as  a  protection  to  prevent  persons  on  the  plat- 
form from  touching  the  contact  shoes  when  a  train 
is  standing  at  the  station.  When  it  is  not  possible, 
because  of  local  conditions,  to  locate  the  third  rail 
on  the  side  of  the  track  opposite  the  platform,  it 
is  to  be  placed  adjacent  to  the  platform  and  its 
projection  or  extension  will  serve  not  only  to  pre- 
vent persons  on  the  platform  from  touching  the 
third  rail,  but  also  from  touching  the  contact 
shoes.  Examination  has  shown  that  in  many 
cases  existing  platforms  must  be  modified  to  pro- 
vide the  necessary  clearance  for  the  installation 
of  the  third  rail  or  contact  shoe  protection. 

To  permit  inspection  and  repairs  to  switch 
machines,  a  gap  is  to  be  provided  in  the  third  rail 
where  such  machines  occur.  It  has  been  found, 
however,  that  many  of  these  machines  or  other 
pieces  of  similar  apparatus  must  be  lowered  or 
otherwise  modified  to  give  the  proper  clearance  for 
the  contact  shoes  of  the  rolling  equipment.  The 
cost  of  the  necessary  changes  to  switch  machines 
has  been  estimated  at  $10.00  for  each  No.  4 
machine  and  at  $8.00  for  each  No.  2  machine. 

An  examination  of  the  clearances  on  all  existing 
bridges  indicates  that  in  some  cases  it  will  be 
necessary  to  cut  the  gusset-plates  to  permit  the 
installation  of  the  third  rail,  but  that  in  no  case 
will  this  cutting  be  sufficient  to  necessitate  the 
strengthening  of  the  gusset-plates.  The  unit  cost 
for  making  these  cuts  has  been  estimated  at  $1.60 
each. 

There  are  a  few  places  where  the  present  arrange- 
ment of  tracks  will  not  permit  the  installa- 
tion of  the  third  rail,  but  a  slight  change  in  the 
track  arrangement  will  usually  provide  the  neces- 


sary clearance.  In  such  cases  it  has  been  assumed 
that  the  necessary  changes  will  be  made,  and 
the  estimated  cost  of  these  changes  is  included. 

Changes  in  other  structures  will  include  such 
minor  changes  as  lowering  of  battery  tubs,  man- 
holes and  boxes  for  air  and  water  connections, 
moving  piping,  and  cutting  back  foundations  and 
copings  of  walls. 

The  estimated  cost  of  making  the  necessary 
changes  in  structures  to  provide  for  the  third  rail 
installation,  on  the  basis  of  the  conditions  which 
existed  in  1912,  is  as  follows: 

Changes  to  platforms $63,630 

Changes  to  switch  machines 4,210 

Changes  to  bridges 10,650 

Changes  to  tracks 790 

Other  changes 1,320 

Total $So.6oo 

The  changes  in  structures,  required  in  the  case 
of  either  the  2,4OO-volt  direct  current  or  the 
1 1  ,ooo-volt  alternating  current  systems,  consist  of 
altering  overhead  structures  to  obtain  a  minimum 
clearance  of  16  feet,  6  inches.  The  changes  of 
this  kind  necessary  on  the  Chicago  &  North 
Western  Railway  have  been  discussed  in  section 
213.074,  and  the  cost  of  these  will  be  the  same 
for  the  independent  scheme  of  electrification  for 
this  road  as  was  given  in  that  section  as  the  road's 
share  of  the  total  cost  of  changes.  The  estimated 
cost  of  changes  for  each  of  the  overhead  contact 
systems,  on  the  basis  of  191 2,  amounts  to  $294,000. 

Extending  these  estimated  costs  of  labor  and 
materials  for  the  changes  and  alterations  to  struc- 
tures, on  the  basis  of  1912,  by  the  application  of 
the  same  factors  to  cover  growth,  contingencies, 
engineering,  and  interest,  insurance  and  taxes 
during  construction,  as  set  forth  in  chapter  212, 
the  estimated  total  cost  of  changes  to  structures, 
on  the  basis  of  the  requirements  of  1922,  is  as 
follows : 

6oo-volt  direct  current $131,671 

2,4OO-volt  direct  current 480,288 

1 1, ooo-volt  alternating  current 480,288 

213.131  Changes  in  Wire  Lines :  The  changes 
in  wire  lines,  necessary  for  electrification  of  the 
Chicago  &  North  Western  Railway  by  the  2,400- 
volt  direct  current  system  and  the  n, ooo-volt 
alternating  current  system,  are  of  the  same 
character  as  those  discussed  in  sections  213.076 
to  213.078,  inclusive.  For  electrification  with  the 
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600- volt  direct  current  system,  the  changes  in 
wire  lines  consist  only  of  those  required  where 
the  transmission  circuits  parallel  the  tracks,  in 
which  case  the  required  changes  will  be  quite 
similar  to  those  described  for  the  overhead  con- 
tact systems. 

The  estimated  costs  of  labor  and  materials  for 
changes  in  wire  lines,  on  the  basis  of  conditions 
which  obtained  in  1912,  excluding  all  allowances 
for  contingencies  and  for  engineering,  are  set  forth 
for  the  three  systems  in  table  CCCLXXI. 

TABLE  CCCLXXI.    ESTIMATED  COSTS  OP  CHANGING  WIRE 

LINES.  EXCLUDING  ALL  ALLOWANCES  FOR  CONTIN- 

I;ENCIES  AND  FOR  ENGINEERING 

(Chicago  *  North  Western  Railway) 
(Basil  of  1012) 


It.-m 


Wire  croMinga 

Pnrallel  pole  lini»>. 


i 


000- 

S3. 

2.400- 

. 

11,000- 
Volt 
A.  C. 

3 

4 

t    17.(KIO 

• 
210.077 

-     '.» 

The  costs  shown  by  table  CCCLXXI  represent 
the  costs  of  labor  and  materials  on  the  basis  of 
the  requirements  of  1912.  These  have  been  ex- 
tended in  a  manner  normal  to  these  estimates 
(section  212.09),  to  cover  growth,  contingencies, 
engineering,  and  interest,  insurance  and  taxes 
during  construction,  the  factors  of  extension  being 
the  same  as  those  applied  to  the  estimates  of  the 
cost  of  changes  in  wire  lines  for  the  entire  ter- 
minal (section  213.080).  The  estimated  total  cost 
of  changes  in  wire  lines  for  the  Chicago  &  North 
Western  Railway,  on  the  basis  of  the  require- 
ments of  1922,  is  as  follows: 

6oo-volt  direct  current $324,046 

2,400- volt  direct  current 401,999 

1 1,000- volt  alternating  current 401,999 

213.132     Changes    in    Signal    Systems:    The 

necessary  changes  in  signal  systems,  for  both  the 
2, 400- volt  direct  current  and  the  11,000- volt 
alternating  current  systems,  have  been  discussed 
in  sections  213.081  to  213.085,  inclusive.  These 
changes  have  been  determined  according  to'  the 
needs  of  the  individual  railroads  for  each  of  the 
systems  of  traction,  and  the  figures  given  in 
section  213.087  for  the  Chicago  &  North  Western 
Railway  may  be  accepted  as  applying  also  to  the 
electrification  of  this  railroad  alone  by  either 
of  the  overhead  contact  systems.  For  the  600- 
volt  direct  current  system,  the  necessary  changes  in 
the  signal  system  will  be  practically  the  same  as 


for  the  2,4oo-volt  direct  current  system,  but  in 
addition  it  will  be  necessary  to  provide  supports 
for  the  signal  transmission  line  circuits. 

The  unit  costs  for  the  several  items  involved  in 
the  signal  changes  for  each  of  the  three  systems,  on 
the  basis  of  1912,  are  shown  by  table  CCCLXXII. 

TABLE  CCCLXXII.     UNIT  COSTS  OF  CHANGES  IN  EXISTING 

SIGNAL  SYSTEMS 

(Chicago  ft  North  Weatern  Railway) 

(Baaia  of  1911) 


Item 

Volt 

2,400- 
D  C. 

11,000- 
Volt 
A.  C. 

1 

a 

8 

I 

Track  circuit* 

$     1    KHI 

t    1  4I«> 

$    1   i.'t«.l 

Switrhm  »i'                       .-mil  limit* 
Traoamianon    line    IH  r  mile    nf   iluplirat* 

400 
1,670 

4OO 

-.-,, 

300 

•  .1  ii.ii-  w  11  li.iiit  1.  milting* 
Siinml  IMIWI-T  «ii  l>*t:i  (inn*  with  tmilflinx* 

11.IHK! 
I.I.IIUI 

11.IKNI 

18.000 

11,000 
15.000 

Applying  these  unit  costs,  the  costs  of  labor  and 
materials  for  the  changes  in  the  signal  system,  on 
the  basis  of  1912,  have  been  determined  for  each 
of  the  three  systems.  Excluding  all  allowances 
for  contingencies  and  for  engineering,  these  costs 
are  shown  by  table  CCCLXXIII. 

TABLE  CCCLXXIII.     ESTIMATED  COSTS  OP  CHANGES  IN  SIGNAL 

SYSTEMS.  EXCLUDING  ALL  ALLOWANCES  FOR  CO.NTIN- 

C.KNCIES  AND  FOR  ENC.I 

(Chicago  ft  North  Wcitern  Railway) 

(Ba.«ii  of  mi ») 


It.  Ill 

1 

Niim- 
t»-r 

600-Volt 

2.400-VoU 

ll.W" 
\   C 

2 

701 

3 
Ml  Ml 

4 

5 

-..  H 

t    841.300 

:••  m 

Switches 

Tranaminioo  linr,  mile* 
Power  unil« 

84.1 

Totala 

$1,202,095 

(1.033.1BS 

The  costs  shown  by  table  CCCLXXIII  repre- 
sent the  costs  of  labor  and  materials  on  the  basis 
of  the  requirements  of  1912.  These  have  been 
extended  in  a  manner  normal  to  these  estimates 
(section  212.09),  t°  cover  growth,  contingencies, 
engineering,  and  interest,  insurance  and  taxes 
during  construction,  the  factors  of  extension  being 
the  same  as  those  applied  to  the  estimated  cost 
of  changes  in  signal  systems  for  the  entire  ter- 
minal (section  213.088).  The  cost  of  changes  in 
signal  systems  for  the  Chicago  &  North  Western 
Railway,  on  the  basis  of  the  requirements  of 
1922,  is  as  follows: 

6oo-volt  direct  current         $2,210,036 

2, 400- volt  direct  current 2,104,051 

1 1 ,000- volt  alternating  current 1,808,422 

213.133  Cost  of  Transfer  Yards  and  Re- 
arranging Motive  Power  Terminals:  The  vari- 
ous factors  involved  in  the  cost  of  transfer  yards 
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and  rearranging  motive  power  terminals  consist 
of  facilities  to  be  abandoned,  the  removal  of  facili- 
ties and  the  construction  of  new  facilities.  The 
character  of  these  facilities  has  been  discussed  in 
sections  213.089  to  213.095,  inclusive. 

In  the  plan  of  electrification  of  the  Chicago  & 
North  Western  Railway,  the  abandonment  of 
steam  locomotive  facilities  is  involved  at  the 
following  locations: 

1.  Chicago  Avenue  Yard. 

2.  4oth  Avenue  Yard. 

3.  Halsted  and  Kinzie  streets. 

4.  Weber  Yard. 

5.  Waukegan. 

The  present  facilities  at  the  Wood  Street  Yard 
are  to  be  retained  for  the  care  of  steam  locomotives 
of  the  Chicago  &  North  Western  Railway  which 
are  required  for  handling  traffic  on  the  tracks  of 
other  railroads. 

New  facilities  for  steam  locomotives,  electric 
locomotives  or  multiple-unit  equipment  are  to  be 
provided  at  the  following  locations: 

1.  Chicago  Avenue  Yard. 

2.  Wood  Street  Yard. 

3.  4oth  Avenue  Yard. 

4.  Elmhurst. 

5.  Weber  Yard. 

6.  Proviso. 

7.  Desplaines. 

8.  Miles  Center. 

9.  Waukegan. 

Transfer  yards  are  to  be  provided  at  the  follow- 
ing locations: 

1.  Proviso. 

2.  Desplaines. 

3.  Niles  Center. 

4.  Waukegan. 

The  estimated  cost,  present  or  release  value,  and 
salvage  value  of  the  property  subject  to  abandon- 
ment are  as  follows: 

First  cost  of  property $508,394 

Present  value  of  property 352,200 

Salvage  value  of  property 29,380 

The  value  of  the  property  to  be  abandoned  is 
not  included  as  a  part  of  the  cost  of  electrification. 

The  first  cost  of  new  facilities  to  be  provided 
for  the  Chicago  &  North  Western  Railway  will 
be  the  same  as  the  estimated  cost  for  this  road 
as  a  part  of  the  entire  electrification,  namely, 
$3,498,000.  This  represents  the  estimated  cost  of 
labor  and  materials  on  the  basis  of  the  require- 
ments of  1912.  This  has  been  extended  in  a 


manner  normal  to  these  estimates  (section  212.09), 
to  cover  growth,  contingencies,  engineering,  and 
interest,  insurance  and  taxes  during  construction, 
the  factors  of  extension  being  the  same  as  those 
applied  to  the  estimated  cost  of  new  terminal 
facilities  for  the  entire  terminal  (section  213.096). 
The  total  cost,  thus  obtained,  of  the  new  terminal 
facilities  for  the  Chicago  &  North  Western  Rail- 
way, on  the  basis  of  the  requirements  of  1922,  is 
the  same  for  all  systems  of  electrification  and 
amounts  to  $6,632,838. 

213.134  Released  Rolling  Equipment:  The 
amount  of  released  rolling  equipment  will  be  the 
same  for  all  systems  of  traction  under  considera- 
tion. In  determining  the  amount  of  equipment 
to  be  released  on  the  Chicago  &  North  Western 
Railway,  the  general  methods  outlined  in  sections 
213.097  to  213.102,  inclusive,  have  been  followed. 
Under  the  plan  of  operation  devised,  the  tracks  of 
the  Chicago  &  North  Western  Railway  only  are 
to  be  electrified,  and  the  traffic  over  the  tracks  of 
other  railroads  by  the  locomotives  of  the  Chicago 
&  North  Western  Railway  is  to  be  handled  by 
steam  locomotives.  The^tmount  of  equipment 
to  be  released,  therefore,  is  not  as  great  as  has 
been  assumed  for  the  Chicago  &  North  Western 
Railway  in  the  plan  of  complete  electrification 
for  the  Chicago  terminals. 

The  amount  of  equipment  to  be  released  for 
each    class    of    service    is    set    forth    in    table 
CCCLXXIV  with  the  estimated  first  cost  of  each 
.class  of  equipment. 

TABLE      CCCLXXIV.       ESTIMATED      TOTAL     FIRST     COST     OP 
EQUIPMENT    TO    BE   RELEASED 
(Chicago  &  North  Western  Railway) 
(Basis  of  1912) 


Service 

No. 

Unit 
Con 

Total 
COM 

I 

2 

. 

4 

g 

tlH.AOO 

I     148000 

3 

18  SOU 

22 

15..JOO 

341  000 

84 

1300U 

1  092  000 

44 

325 

. 

1.880.OUO 

Total  

*!.»7r,.SOO 

These  amounts,  however,  do  not  represent  the 
credit  to  electrification  due  to  the  release  of  the 
equipment  since  they  are  estimated  first  costs. 
The  present  or  release  value  of  the  equipment 
to  be  released  has  been  determined  by  using  the 
unit  release  values  presented  in  sections  213.103 
and  213.104.  The  estimated  total  release  value 
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of  each  class  of  equipment  to  be  released,  under 
the  conditions  which  obtained  in  1912,  is  shown 
by  table  CCCLXXV. 

TABLE  CCCLXXV.  ESTIMATED  RELEASE  VALUE  OF  EQUIPMENT 

(Chicago  &  North  Wertero  Railway) 

(Buii  of  1013) 


Berrioe 

No. 

PnMDt 

Value  per 
Unit 

Potal 
Promt 
VahM 

1 

2 

»• 

4 

Through  passenger  locomotive*  

B 

8 

$11,000 
12,000 

«    88,000 
30.000 

22 

0,300 

204.800 

84 

MO 

865,200 

44 

-,,,. 

220,000 

Suburban  passenger  can  

835 

600 

162.600 

Total  

t    3M.XO 

The  estimates  of  the  release  value  of  equipment 
of  the  Chicago  &  North  Western  Railway  have 
been  extended  by  applying  a  factor  of  2 1  per  cent 
to  cover  growth,  as  has  been  done  in  the  case  of 
the  estimates  for  the  entire  terminal,  with  the 
following  result: 

Estimated  total  value  of  equipment  to  be  released, 

December  31,  1922 $1,653,223 

213-135  Summary  of  Total  Installation  Cost 
of  Three  Systems  of  Electrification  for  a  Single 
Road  (Chicago  &  North  Western  Railway):  The 
several  items  making  up  the  total  installation 
costs  of  electrification  of  the  Chicago  &  North 
Western  Railway  by  each  of  three  systems  have 
been  determined  as  set  forth  in  the  preceding 
sections.  A  summary  of  the  total  cost,  on  the 
basis  of  the  requirements  of  1922,  is  presented  as 
table  CCCLXXVI. 

To  obtain  the  net  cost  of  electrification,  it  is  ne- 
cessary to  deduct  from  the  installation  or  gross  cost 
as  set  forth  in  table  CCCLXXVI,  the  salvage  on 
abandoned  property  or  on  property  released  from 
local  transportation  service.  Since  values  of  these 


items  of  credit  have  already  been  determined,  as 
set  forth  in  the  preceding  sections,  it  is  not  necessary 
to  the  purpose  of  this  summary  to  include  them  here. 

213.136  Ratios  between  Installation  Costs  of  the 
Three  Systems  for  the  Chicago  &  North  Western 
Railway :  It  will  be  seen  from  table  CCCLXXVI 
that  the  ratios  between  the  installation  costs  of 
electrification  for  the  Chicago  &  North  Western 
Railway  are  as  follows: 


Cost  by   6oo-volt  third  rail  system  _  40,044,745 

Cost  by  2,4OO-volt  overhead  system  39,299,600 

Cost  by  6oo-volt  third  rail  system  40,044,745 

Cost  by  1 1  ,ooo-volt  overhead  system  37,525,930 


1.01896 
1.06712 


2I3-I37  Statement  of  Installation  Costs  of 
the  Three  Systems  for  the  Entire  Terminal,  as 
Determined  by  the  Application  of  Ratios  Found 
to  Exist  for  a  Single  Road :  The  estimated  total 
installation  cost  of  electrification  to  the  extent 
covered  by  the  plan  of  the  Committee  is  shown 
in  table  CCCXLVIII  of  section  213.109  to  be 
$191,666,808  for  the  2,4oo-volt  direct  current  over- 
head contact  system,  and  $187,902,916  for  the 
n,ooo-volt  alternating  current  overhead  contact 
system.  It  has  been  assumed  that  the  cost  of 
electrification,  under  the  Committee's  plan,  by  the 
6oo-volt  direct  current  third  rail  system,  will  bear 
the  same  ratios  to  the  costs  by  the  other  two  sys- 
tems under  consideration  as  have  been  found 
to  exist  in  the  case  of  the  costs  of  electrification 
determined  for  the  Chicago  &  North  Western  Rail- 
way alone.  These  ratios  are  presented  in  section 
213.136.  The  cost  of  electrification  by  the  6oo-volt 
direct  current  third  rail  system,  as  derived  from 
the  estimated  cost  of  the  2, 400- volt  direct  current 
overhead  contact  system,  will  be  1.01896  x  $191,- 
666,808  or  $195,301,000,  and  as  derived  from  the 


TABLE  CCCLXXVI.     SUMMARY  OF  TOTAL  INSTALLATION  COST  OF  ELECTRIFYING  THE  CHICAGO  ft  NORTH  WESTERN  RAILWAY 

BY   THREE  SYSTEMS 
(Dec.  31,  1921) 


Item 

T, 

2.400-VoH 

11.000-Voli 
A.  C. 

1 

2 

3 

4 

t  3  883402 

t  3  803  401.' 

t  3866565 

•71  ». 

178  7i 

•••'  17" 

1,858  773 

1  971  4  ii1' 

-   io 

142.611- 

JQO] 

7  106  7411 

5  309  742 

4  311,396 

0 

••>-  •.    , 

JM*  154 

1  007404 

1  007211 

7  :"•     18 

Prevention  of  inductive  effects  and  electrolysis  .    .              .          .    . 

0 

0 

157,620 

44  I:IH 

44  13S 

44  13M 

Electric  locomotives,  multiple-unit  equipment,  work  and  inspection  equipment                                     .            .... 

15,611.8<iA 

16,77 

17,968  142 

136  344 

129  232 

124  018 

Changes  in  structures  .    .                  

I  .1  B1 

180  B 

480  288 

Changes  in  wire  lines  

:;  '  t  u  >• 

401  99*1 

101  Nt 

2  210  03»i 

2  104  051 

1  808  422 

6,632,83s 

6,632,83s 

6.632,838 

Totals  .  .  . 

$40  044  745 

OQ  29Q  fioo 

•37  W>  930 

!           „___                                                      
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estimated  cost  of  the  1 1 ,000- volt  alternating  cur- 
rent overhead  contact  system,  will  be  1.06712  x 
$187,902,916  or  $200,515,000.  The  mean  of 
these  two  values  is  $197,908,000,  and  this  amount 
may  be  taken  as  a  fair  approximation  of  the 
installation  cost  of  electrifying  the  entire  terminal 
by  the  6oo-volt  direct  current  third  rail  system. 
A  summary  of  these  costs  is  as  follows: 

6oo-volt  direct  current $197,908,000 

2,400- volt  direct  current 191,666,808 

1 1,000- volt  alternating  current 187,902,916 

A  SUMMARY  OF  COSTS 
213.138  Capital  Requirements  Including  Pre- 
cipitated Costs  and  Costs  Due  to  Extensions  not 
Covered  by  the  Committee's  Plan:  Assuming 
such  departure  from  the  plan  of  the  Committee 
as  is  believed  by  the  railroads  to  be  essential,  and 
including  the  costs  of  changes  and  betterments 
which  will  be  precipitated  by  electrification,  the 
probable  total  capital  requirements,  based  on  the 
use  of  the  n,ooo-volt  alternating  current  system, 
will  be  increased  as  shown  by  table  CCCLXXVII. 

TABLE  CCCLXXVII.     PROBABLE  TOTAL  CAPITAL  REQUIREMENT 

FOR  THE  ELECTRIFICATION   OF  THE  CHICAGO   RAILROAD 

TERMINALS,  n.ooo-VOLT  A.  C.  SYSTEM 

(Dec.  31,  1922) 


Item 

Amount 

Net  coat  incident  to  the  development  of  the  minimum  plan 

$178,127,230 

Precipitated  coat  and  cost  due  to  extensions  of  the  plan 
as  estimated  bv  the  railroads  (section  213.116)  .  .  . 

96.313.400 

Estimated  total  capital  requirements . 


213.139     Costs,    Assuming   the    Work    to    be 
Limited  to  the  Requirements  of  a  Minimum  Plan : 

A  summary  of  the  costs  of  equipping  the  railroad 
terminals  of  Chicago  for  electric  operation  under 
the  plan  of  the  Committee  is  set  forth  by  the 
paragraphs  which  follow.  It  should  be  remem- 
bered that  these  plans  deal  with  a  definite  extent 
of  trackage  and  traffic  (chapters  209  and  211); 
that  they  provide  for  growth  in  the  existing  rail- 
road establishment  to  the  end  of  the  year  1922; 


that  they  do  not  cover  any  general  revision  of  the 
terminals  as  they  existed  in  1912;  and  that  they 
are  based  upon  the  joint  development  of  all  facili- 
ties required  for  the  generation  and  transmission 
of  electric  energy,  but  not  the  joint  use  of  tracks 
nor  the  joint  operation  of  trains  except  in  so  far 
as  such  operation  may  already  prevail. 

The  estimated  total  cost,  by  items,  of  the  2,400- 
volt  direct  current  system  and  the  11,000- volt 
alternating  current  system,  under  the  plan  of  the 
Committee,  is  summarized  in  table  CCCLXXVIII. 

TABLE  CCCLXXVIII.     ESTIMATED  TOTAL  COST  OP  ELECTRIFI- 
CATION BY  ITEMS.  ALL  ROADS 
(Dec.  31.  19") 


Item 

'To™' 

11.000-  Volt 
A.  C. 

1 

2 

9 

1  10.213  458 

9  10  302  104 

1  ,306.444 

1  618J693 

Substations  ..."  

6,660.352 

2  024  736 

1  522,283 

573  073 

33.895.276 

1  071  989 

1  071  989 

6,069,899 

4  446  033 

Prevention  of  inductive  effect*  and  electrolysis 

996727 

•  -  •,--.• 

Electric  locomotive*,  multiple-unit  equipment. 

84,003395 

91  703.557 

802725 

485  343 

834.261 

834,261 

2028,007 

2028007 

6,993  919 

6,111  407 

Removal  and  re-establishment  of  locomotive 
terminal*  and  new  facilities  

37.293,740 

37.293.746 

Totals  

I191.B6B.SOS 

S187.902.9I6 

The  estimated  total  cost  of  electrification,  De- 
cember 31,  1922,  by  the  6oo-volt  direct  current, 
the  2,4oo-volt  direct  current  and  the  11,000- volt 
alternating  current  systems,  as  determined  under 
the  Committee's  plan,  is  set  forth  as  follows: 

6oo-volt  direct  current  $197,908,000 

2,400- volt  direct  current 191,666,808 

11,000- volt  alternating  current 187,902,916 

The  gross  cost  of  the  electrification,  the  credits 
due  to  salvage  of  property  and  the  net  cost  of 
electrification  for  each  of  the  three  systems  are 
set  forth  in  table  CCCLXXIX. 

The  gross  cost  of  electrifying  the  terminals  by 
the  2, 400- volt  direct  current  system  and  the  1 1,000- 
volt  alternating  current  system,  and  certain  deduc- 
tions to  be  made  from  the  gross  cost  to  show  the 


TABLE  CCCLXXIX.     GROSS  COST.  CREDITS  AND  NET  COST  OP  ELECTRIFICATION.  ALL  ROADS 

(Dec.  31. 


Item 

600-Volt 
D.  C. 

2.400-  Volt       11.000-  Volt 
D.  C.                 A.  C. 

;                                                                i 

a 

»                     4 

Coat  of  electrification,  including  all  details  necessary  to  make  up  the  new  establishment  and  all  changes  in  existing 
facilities  made  necessary  by  toe  introduction  of  new  equipment  but  not  including  any  general  revision  of  terminals 

1197.908.000 
9.775,686 

J191.666.SO8   fl87.902.916 

9.775.686         9.775.086 
$181^91.122    tl78.127.230 

tt8S.132.3M 
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net  changes  in  property  values,  are  given  in  table 
CCCLXXX. 

TABLE     CCCLXXX.      GROSS     COST     OF     ELECTRIFYING     THE 

CHICAGO  RAILROAD  TERMINALS.  WITH  CHANGES  IN 

PROPERTY   VALUES 

(Dec.  31,  19") 


TABLE  CCCLXXXI.     NET  TOTAL  COST  OF  ELECTRIFICATION. 

BY  RAILROADS  AND  BY  SYSTEMS 

(Dec.  3'.  I9«) 


Item 


1 

Gross  c'ost  of  electrification  including  necessary 

changes  in  existing  establishments 

Changes  in  overhead  structures .  .  .  .1    834,261 

Changes  in  win-  lines  2.02X.OO7 

Changes  in  signals,  2.4(K)-volt  cl.  c.    li.'l'.w.'.illi 
Changes  in  signals,  11,000-volt  a.  c.  6.111.4O7 
Salvage  from   facilities  to  be  aban- 
doned or  utilised  for  other  purposes     278380 
Salvage  value  of  rolling  equipment 
(cars  and  steam  locomotives)  to  be 

released ...    0,406.806 

Total  deduction-  


2,400-Volt 
D.C. 

11,000-Volt 
A.  C. 

2 

S 

$191.666^08 

(187.OO2.01fl 

19.631.873 

1V749.361 

Changes  in  property  values |$172.034.93fi  |tl89,16.i 

First  cost,  release  value  and  salvage  value  of 
steam  locomotive  facilities  to  be  abandoned,  and 
the  net  value  of  terminal  property  which  would  be 
dissipated,  are  set  forth  as  follows: 

First  cost  of  facilities  to  be  abandoned  (sec- 
tion 213.092) $3.502.530 

Present  value  of  facilities  to  be  abandoned  or 
adapted  to  other  uses  (section  213.092)  $2,596,837 

Salvage  from  facilities  to  be  abandoned 'or 
adapted  to  other  uses  (section  213.092)  278,880 

Net  value  (1916-1922)  of  property  dissipated  $2,317,957 

The  net  total  cost  of  electrification  for  each 
railroad,  as  determined  from  values  presented  in 
the  preceding  sections  of  this  chapter,  for  the 
2,4Oo-volt  direct  current  system  and  the  1 1,000- 
volt  alternating  current  system,  is  summarized 
in  table  CCCLXXXI. 

213.140  Conclusions  Concerning  the  Cost  of 
Complete  Electrification  of  the  Chicago  Railroad 
Terminals:  The  facts  already  presented  in  this 
chapter,  concerning  the  cost  of  complete  electrifi- 
cation of  the  Chicago  railroad  terminals,  may  be 
summarized  as  follows : 

1 .  The  direct  cost,  including  the  cost  of  all 
electric  equipment  and  of  all  changes  in  the 
existing  establishment  necessary  to  admit  the 
new  equipment  and  the  new  operation  for  an 
extent  of  trackage  sufficient  to  make  opera- 
tion practicable,  on  the  assumption  that  all 
steam  locomotives  are  to  be  eliminated  from 
the  city  of  Chicago,  amounts  to  $178,127,230. 

2.  The  direct  cost  of  electrification  will,  in 
the  actual  working  out  of  the  problem,  be  in 
excess  of  the  estimates  set  forth  by  the  pre- 
vious item,  due  to  the  fact  that  the  condi- 
tions which  have  been  assumed  as  a  basis  for 
the  estimates  will  not  be  observed.     Inability 
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on  the  part  of  the  railroads  to  proceed  with 
the  work  of  electrification  as  a  joint  problem, 
and  a  disposition  on  their  part  to  regard 
electrification  as  something  more  than  a 
means  in  smoke  abatement,  will  extend  the 
amount  of  trackage  involved  and  will  lead 
to  the  adoption  of  a  more  expensive  procedure 
in  installation. 

3.  The  capital  requirements  involved  by 
electrification  will  be  greater  than  the  cost  of 
electrification,  due  to  the  fact  that  changes 
and  betterments  in  the  existing  establishment, 
which  otherwise  might  be  long  deferred,  will 
need  to  be  made  a  part  of  a  program  to  be 
executed  prior  to  or  concurrently  with  electri- 
fication.    These  precipitated  costs  will  vary 
greatly  for  different  roads. 

4.  An  examination  by  railroad  companies 
of  the  cost  to  them,  which  would  arise  in  the 
manner  set  forth  and  which  would   be  in 
excess  of  the  cost  estimated  by  the  Com- 
mittee, shows  that  such  costs  will  be  approx- 
imately $96,313,400. 

5.  The   total  capital  requirements,  which 
will  be  imposed  by  complete  electrification  of 
the  Chicago  railroad  terminals,  will  therefore 
amount  to  $274,440,630. 


PART   III 

A  STUDY  OF  RESULTS  WHICH  ARE  TO  BE 
ANTICIPATED  FROM  ELECTRIFI- 
CATION IN  CHICAGO 


•301.     RAILROAD  OPERATING  EXPENSES  AS  AFFECTED  BY 

ELECTRIFICATION* 

SYNOPSIS:  This  chapter  presents  a  discussion  of  the  changes  which  electrification  will 
introduce  in  operating  conditions,  and  sets  forth  the  effect  of  these  changes  upon  the  expense  of 
operating  the  railroads  involved. 


301.01     Changes  in  Operating  Conditions :  The 

electrification  of  Chicago's  railroad  terminals  will 
introduce  a  new  system  of  operation  over  all  elec- 
trified trackage.  Those  railroads  which  have 
trackage  entirely  within  the  city  will,  under  the 
plan  of  the  Committee,  discontinue  all  use  of 
steam  locomotives.  Railroads  operating  beyond 
the  proposed  limits  of  electrification  will,  however, 
continue  to  use  steam  locomotives  after  electrifi- 
cation has  been  achieved;  they  will  operate  elec- 
trically all  that  part  of  their  service  carried  on 
within  the  city -of  Chicago  and  its  vicinity,  while 
beyond  the  electrified  zone  they  will  continue  to 
operate  by  steam.  Railroads  so  affected  must 
establish  transfer  stations  at  which  motive  power 
may  be  changed,  and  they  must  also  meet  new 
conditions  involving  changes  in  schedules  and  in 
operating  conditions  outside  of  the  electrified 
zone. 

The  changes  in  operating  conditions  which  will 
result  from  complete  electrification  of  Chicago's 
railroad  terminals  are  therefore  of  a  threefold 
character : 

*  The  original  records  from  which  this  chapter  is  prepared  are  preserved  in 
the  Archives  of  the  Committee,  Vols.  K  I  to  K  5.  inclusive. 


1.  Those  incident  to  the  introduction  of  elec- 
tric operation  on  trackage  within  the  proposed 
limits  of  electrification  as  denned  by  roads  (chap- 
ter 209). 

2.  Those  incident  to  the  operation  of  transfer 
stations  at  which  change  of  motive  power  is  to 
be  made. 

3.  Those  resulting  from  the  shortening  of  the 
steam  operated  divisions  at  present  terminating 
in  Chicago. 

These  changes  will  introduce  changes  in  operat- 
ing expenses,  the  nature  and  extent  of  which 
will  be  influenced  by  the  character  of  the  electric 
installation.  Thus,  an  installation  of  electric 
facilities  in  accord  with  plans  designed  to  promote 
high  efficiency  in  operation  will  permit  train 
movements  on  electrified  trackage  at  lower 
expense  than  a  similar  installation,  in  the  design 
of  which  efficiency  in  operation  is  not  made  a 
governing  consideration. 

The  substitution  of  electric  operation  for  steam 
operation  does  not  always  result  in  operating 
economies.  If  conditions  are  such  as  will  supply 
a  favorable  setting  for  the  electric  equipment  and 
if  the  various  factors  making  up  the  electric 
installation  are  chosen  with  due  regard  to  their 
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efficiency  in  operation,  it  is  possible  to  secure  some 
saving  as  compared  with  the  costs  of  steam  opera- 
tion; whereas,  if  the  reverse  conditions  prevail, 
electric  operation  may  be  more  expensive  than 
steam  operation. 

The  extent  of  trackage  involved  by  the  Com- 
mittee's plan  of  electrification  has  been  deter- 
mined on  the  assumption  that  the  work  will 
proceed  as  a  means  in  smoke  abatement.  While 
the  considerations  underlying  the  extent  of  the 
plan  have  already  been  fully  set  forth  (chapter 
209),  it  is  necessary  here  to  note  that  the  plan  of 
the  Committee  restricts  the  extent  of  electrified 
trackage  to  the  minimum  limits  consistent  with 
practicability  in  operation.  The  limits  provide, 
in  the  case  of  most  roads,  for  the  termination  of 
electric  operation  as  soon  as  practicable  after  the 
boundaries  of  the  city  are  passed.  An  extension 
of  these  limits  to  embrace  an  entire  operating 
division  would  constitute  an  expansion  of  the 
Committee's  plan,  but  it  would  provide  greater 
freedom  in  the  movement  of  equipment,  would 
eliminate  the  cost  of  maintaining  new  transfer 
stations  and  would  in  many  ways  promote  effi- 
ciency in  the  operation  of  electric  service.  The 
inclusion  of  an  entire  railroad  division  in  the  plan 
of  electrification  would  make  a  far  more  satis- 
factory arrangement  from  an  operating  point  of 
view  than  the  plan  proposed  by  the  Committee. 
But  any  plan  to  secure  the  operating  result  which 
can  only  be  had  from  the  electrification  of  an 
entire  railroad  division  would  greatly  increase 
installation  costs  as  compared  with  those  which 
have  been  estimated  by  the  Committee. 

The  extent  and  character  of  the  traffic  to  be 
handled,  as  measured  by  the  energy  required, 
have  been  set  forth  in  preceding  pages  of  this 
report  (chapter  211).  These  are  factors  which, 
as  used  in  the  study  of  operating  results,  apply 
to  the  whole  terminal.  The  Committee's  plan 
provides  for  a  single  source  of  power,  a  single 
system  of  transmission  lines  and  a  single  sys- 
tem of  substations  for  all  the  railroads  in  the 
terminal.  It  cannot  be  assumed  that  all  roads 
possess,  or  that  any  single  road  possesses,  the 
same  density  or  uniformity  of  flow  of  traffic  as 
does  the  entire  terminal.  Different  roads  vary 
greatly  in  these  respects.  Different  portions  of 
the  same  road  and  different  services  of  the  same 
road  present  many  varying  conditions.  Indi- 


vidual power  systems  for  each  of  the  roads  would 
not  have  the  same  favorable  load  conditions 
which  are  shown  to  result  from  the  supply  by  a 
single  power  system  of  the  combined  power 
requirements  of  all  roads.  The  single  power 
generating  and  distributing  system  meets  the 
requirements  for  high  efficiency  in  operation  as 
well  as  low  cost  in  installation.  A  single  power 
station  serving  all  roads  will  permit  the  delivery 
of  electric  energy  at  a  lower  unit  cost  than  indi- 
vidual power  stations  for  individual  roads,  and  a 
single  system  of  substations  will  cost  less  for 
operation  than  individual  systems  for  each  road. 
The  plan  of  the  Committee  may,  therefore,  be 
accepted  as  that  which,  within  the  limits  affected, 
will  promote  maximum  operating  efficiency.  Ob- 
viously, any  departure  from  this  plan,  which 
might  involve  the  establishment  of  individual 
facilities  for  individual  roads,  would  result  in  an 
increase  in  operating  expenses  over  those  estimated 
by  the  Committee.  In  the  discussion  which  fol- 
lows, all  of  this  is  welded  into  the  summarization 
which  reflects  the  operations  of  the  entire  terminal. 
The  conclusions  concerning  operating  expenses 
must  be  accepted  merely  for  what  they  represent. 
If  the  electrification  of  the  entire  terminal  tends 
to  reduce  such  expenses,  it  does  not  necessarily 
follow  that  the  electrification  of  individual  roads 
will  produce  similar  results;  that  will  depend  upon 
conditions  peculiar  to  the  individual  road.  The 
Committee's  problem  is  a  terminal  problem,  and 
this  fact  has  justified  the  Committee  in  ignoring 
individual  roads  in  its  study  of  operating  expenses. 
The  preceding  statements  will  serve  to  show  the 
dependence  of  operating  results  upon  the  extent 
and  character  of  the  installation  plans.  The 
economies  predicted  by  the  analysis  which  fol- 
lows are  dependent  upon  adherence  in  installa- 
tion to  the  plan  already  set  forth.  Any  depar- 
ture from  the  plan  of  the  Committee  whereby 
the  operating  procedure  under  electrification 
will  become  less  efficient  will  reduce  this  mar- 
gin of  gain  and  may  entirely  eliminate  it  or 
even  change  it  to  an  operating  loss. 

CHANGES    IN    OPERATING    EXPENSES    ON 

TRACKAGE   WITHIN   THE   PROPOSED 

LIMITS  OF  ELECTRIFICATION 

301.02      Character  of  Changes  in  Operating 
Expenses    on    Electrified    Trackage  which  will 
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Result  from  Electrification:  The  elimination  of 
the  steam  locomotive  from  the  railroad  terminals 
of  Chicago  and  the  introduction  of  an  electri- 
cally operated  service  over  the  existing  trackage 
will  effect  changes  in  operating  expenses.  Some 
of  the  present  items  of  expense,  such  as  those  re- 
lating directly  to  the  operation  and  maintenance 
of  the  steam  locomotive,  will  be  eliminated  and 
new  items  of  expense,  including  those  incident 
to  the  maintenance  and  operation  of  the  power 
station,  substations  and  contact  system,  will  be 
introduced.  In  attempting  to  formulate  an  esti- 
mate of  the  extent  of  these  changes,  consideration 
has  been  given  only  to  those  factors  which  relate 
directly  to  the  changed  conditions  of  operation. 
No  account  is  taken  of  the  possible  effect  of 
electric  operation  upon  the  volume  of  traffic. 
No  changes  are  proposed  in  the  present  arrange- 
ment of  terminals  nor  in  the  existing  schedules 
of  train  movements.  The  purpose  is  to  com- 
pare the  expense  of  the  present  steam  operated 
service  with  that  of  an  electric  service  of  equal 
volume  and  of  equal  quality,  over  a  definite 
extent  of  trackage. 

301.03  Extent  of  the  Trackage  and  Traffic 
Affected  by  Electrification:  The  trackage  in- 
volved in  the  proposed  change  from  steam  to 
electric  operation  amounts  to  a  total  of  3,439.14 
track  miles.  This  includes  main,  yard  and  indus- 
trial tracks  as  defined  by  railroads  elsewhere  in 
this  report  (chapter  209). 

The  average  daily  service  performed  on  this 
trackage  during  the  Committee's  statistical  year, 
1912,  expressed  in  locomotive-miles,  is  shown 
by  table  CCCLXXXII. 

TABLE  CCCLXXXII.     EXTENT  OF  TRAFFIC  AFFECTED  BY  ELEC- 
TRIFICATION OF  THE  CHICAGO  TERMINALS 
(Basis  of  1912) 


Service 

Locomotive- 
Miles 

Per  Cent  of 
Total 

1 

2 

3 

14,759 

22.22 

11,614 

17.49 

Road  freight 

.-,  tot 

8.08 

24,752 

37.27 

9,921 

14.94 

Totals  

66,415 

100.00 

301.04  Methods  Employed  in  Determining 
the  Effect  of  Electrification  upon  Operating 
Expenses:  The  proposed  change  from  steam  to 
electric  operation  in  the  Chicago  terminals  will 
affect  various  items  of  expense  incident  to  rail- 
road operation.  These  items  were  early  deter- 


mined by  conferences  between  the  officials  of 
various  railroads  and  members  of  the  Commit- 
tee's staff.  It  was  then  sought  to  determine  the 
amount  chargeable,  for  operation,  to  each  of 
these  affected  accounts  by  each  of  the  railroads 
during  the  Committee's  statistical  year,  1912. 
This  gave  the  cost,  under  affected  accounts,  of 
steam  operation  over  the  trackage  to  be  electri- 
fied. The  corresponding  charges  to  these  affect- 
ed accounts,  assuming  electric  operation  over  the 
same  trackage  and  for  the  same  service,  were 
then  determined  by  methods  hereinafter  set  forth. 
The  difference  in  the  expense  as  thus  set  forth, 
item  by  item,  for  steam  and  for  electric  operation 
was  accepted  as  the  credit  or  debit  in  opera- 
tion resulting  from  electrification .  The  designation 
of  items  follows  the  Interstate  Commerce  Com- 
mission's classification  of  operating  accounts  now 
in  general  use  among  the  railroads. 

Detailed  reports  covering  their  expenses  for 
the  year  1912  were  furnished  by  25  of  the  39 
railroad  companies  operating  within  the  Area  of 
Investigation  (chapter  103),  the  limits  of  which 
differ  from  the  proposed  limits  of  electrification 
as  defined  by  roads  (chapter  209).  The  total 
annual  expenditure  of  each  of  the  25  roads  under 
each  account  affected  was  pro-rated  among  the 
different  services  on  the  basis  of  the  locomotive- 
mileage  performed  by  each  railroad  in  each  service, 
the  services  recognized  being: 

1.  Yard  service  (including  freight  and  passen- 
ger transfer  services). 

2.  Road  freight  service. 

3.  Through  passenger  service. 

4.  Suburban  passenger  service. 

The  amounts  charged  to  each  service  were 
tabulated  for  the  25  roads  for  each  account,  and 
the  totals  thus  obtained  were  divided  by  the 
total  number  of  locomotive-miles  performed  by 
the  25  roads  in  the  service  in  question  to  obtain 
an  average  unit  expenditure  per  locomotive-mile 
for  each  service  under  each  account.  The  units 
of  expense  thus  obtained  were  applied  to  the 
locomotive-mileage  performed  by  each  of  the  37 
railroads  involved  in  the  plan  of  electrification. 
This  process  served  to  give  the  total  amount 
chargeable  to  each  affected  account,  for  each 
service  of  each  railroad,  covering  steam  operation 
in  1912  within  the  proposed  limits  of  electrification. 

The  locomotive-mile  has  been  employed  as  a 
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unit  of  service  in  the  determination  of  operating 
expenses,  except  in  the  case  of  a  few  accounts  to 
which  the  application  of  other  units  was  con- 
sidered preferable  because  of  the  nature  of  the 
expense  involved.  In  instances  in  which  other 
units  have  been  employed,  explanation  is  made 
in  the  account  analyses  presented  in  the  sections 
which  follow.  The  locomotive-mile  was  selected 
as  a  unit  because  the  change  from  steam  to  electric 
operation  will  involve  little,  if  any,  change  in 
the  operating  cost  of  train  service  back  of  the 
locomotive. 

In  the  preparation  of  estimates  of  the  expense 
of  electric  operation,  each  account  has  been  studied, 
a  form  of  analysis  developed  and  the  effect  of  the 
change  estimated.  In  dealing  with  some  accounts 
it  was  possible  to  base  estimates  upon  a  definite 
schedule  of  labor  and  materials  involved,  while 
in  dealing  with  others  the  absence  of  reliable 
data  covering  the  expense  of  conducting  electric 
traction  required  an  arbitrary  adoption  of  unit 
expenses.  These,  in  all  cases,  were  formulated 
in  conference  with  the  Committee's  consulting 
electrical  engineers.  Estimates  of  operating  ex- 
penses cover  each  of  three  systems  of  electric 
traction,  as  follows: 

1.  A  system  employing  direct  current  at  2,400 
volts  with  overhead  contact. 

2.  A  system  employing  alternating  current  at 
1 1 ,000  volts  with  overhead  contact. 

3.  A  system  employing  direct  current  at  600 
volts  with  third  rail  contact. 

In  the  cases  of  the  2,400-volt  direct  current 
and  the  11,000- volt  alternating  current  systems, 
the  expenses  were  estimated  for  the  entire  service, 
within  the  proposed  limits  of  electrification,  of 
the  25  roads  which  reported,  and  the  amounts 
thus  obtained  were  reduced  to  units  of  expense 
which  were  then  applied  to  the  total  service 
within  the  limits  of  electrification  of  all  roads 
involved.  Amounts  thus  determined  for  the 
entire  terminal  were  pro-rated  to  the  different 
classes  of  service  on  a  locomotive-mile  basis.  In 
the  case  of  the  6oo-volt  direct  current  third  rail 
system,  the  estimated  unit  operating  expense  under 
each  affected  account  of  electric  operation  on  a 
single  representative  road*  was  determined  for 
each  class  of  service.  It  was  assumed  that  the 
operating  expense  under  affected  accounts,  for 
the  6oo-volt  third  rail  operation  of  the  entire  ser- 


vice of  all  roads  within  the  proposed  limits  of  elec- 
trification, would  bear  the  same  ratio  to  the 
expense  of  operating  the  6oo-volt  system  on  the 
single  representative  road  as  the  total  present  ex- 
pense, under  the  accounts  affected,  of  conduct- 
ing steam  service  on  all  roads  within  the  limits 
of  electrification  bears  to  the  present  operating 
expense  of  steam  service,  under  the  affected  ac- 
counts, on  the  single  representative  road.  This 
process  was  applied  to  each  service.  The  total 
operating  expense,  under  affected  accounts,  for 
the  6oo-volt  third  rail  system  was  then  obtained 
by  multiplying  the  unit  determined  in  the  manner 
explained  by  the  mileage  in  the  service  to  which 
it  applied,  the  total  expense  being  the  sum  of 
the  expenses  for  each  class  of  service.  This 
total  expense  was  then  divided  by  the  total 
number  of  locomotive-miles  performed  in  all 
services  to  give  the  average  unit  operating  ex- 
pense applicable  to  all  services  for  electric  opera- 
tion within  the  proposed  limits  of  electrification. 

In  compiling  the  statistical  facts  and  estimates 
presented  in  the  sections  which  follow,  it  has 
been  assumed  that  the  change  from  steam  to 
electric  operation  will  involve  no  change  in  rates 
of  pay  nor  in  the  number  of  men  employed  on 
each  train  and  on  each  locomotive,  except  in  the 
case  of  multiple-unit  passenger  service,  which 
will  include  all  passenger  service  beginning  and 
ending  within  the  electrified  limits.  Only  one 
man,  a  motorman,  is  required  for  the  control 
of  motive  power  on  a  multiple-unit  train.  The 
rate  of  pay  for  motormen  has,  in  these  estimates, 
been  fixed  at  $4.675  for  each  too  miles  or  less. 
This  rate  is  in  agreement  with  the  rates  now  paid 
the  motormen  operating  gasoline  motor  cars  on 
steam  railroads.  It  is  assumed  that  the  multiple- 
unit  trains  will  carry  the  same  number  of  train- 
men now  carried  on  suburban  passenger  trains 
back  of  the  steam  locomotive,  and  that  the  pay  of 
these  trainmen  will  remain  unchanged. 

The  final  estimates  of  the  expense  of  both 
steam  and  electric  operation,  on  the  basis  of 
the  volume  of  service  performed  in  1912,  have 

*  The  Chicago  ft  North  Western  Railway,  the  road  selected,  is  one  of  the 
largest  of  those  affected  and  is.  in  respect  to  variety  of  service  performed, 
representative  of  the  operating  conditions  of  the  whole  terminal!  It  also 
presents  fewer  physical  obstacles  to  the  installation  and  operation  of  a  third 
rail  system  than  most  of  the  other  roads,  a  circumstance  due  to  the  fact  that 
most  of  its  tracks  are  elevated  or  protected  by  fences.  Owing  to  these  con- 
ditions, the  estimated  expense  of  third  rail  operation  for  all  roads,  as  herein- 
after set  forth,  may  be  slightly  lower  than  would  develop  in  actual  operation, 
but  for  purposes  of  comparison  with  the  expense  of  electric  operation  by 
either  of  the  other  two  systems  and  with  that  of  the  present  steam  operation 
the  estimates  will  not  be  misleading. 
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been  extended  in  the  manner  normal  to  all 
estimates  of  the  Committee  (section  212.09),  to 
cover  the  increase  in  the  volume  of  traffic  until 
the  end  of  the  year  1922  when,  for  the  purpose 
of  these  estimates,  it  is  assumed  that  the  work 
incident  to  the  installation  of  the  electric  traction 
system  will  be  completed. 

301.05  Analyses  of  Expenses  Covered  by 
the  Operating  Accounts  Affected  by  the  Proposed 
Change  from  Steam  to  Electric  Operation:  In 

the  following  analyses,  by  accounts,  of  the  effect 
of  the  change  from  steam  to  electric  operation, 
it  will  be  noted  that  no  attempt  has  been  made  to 
determine  the  total  cost  of  steam  operation  nor 
to  estimate  that  of  electric  operation.  Only 
such  accounts  as  will  be  affected  by  electrification 
are  evaluated.  The  initial  premise  upon  which  the 
figures  have  been  developed  assumes  also  that 
there  will  be  no  change  whatever,  as  a  result 
of  electrification,  in  the  volume  of  traffic  now 
handled  nor  in  the  schedules  by  which  train 
movements  are  governed.  In  other  words,  the 
proposed  electric  service,  for  which  estimates  of 
operating  expenses  are  presented,  will  be  equiv- 
alent in  every  respect  to  the  present  steam  ser 
vice  except  as  to  the  motive  power  employed 
for  propelling  the  trains. 

No  account  is  taken,  either  in  these  analyses 
of  operating  expenses  or  in  the  summary  of  the 
net  effect  of  the  change,  of  the  interest  on  the 
increased  investment  due  to  the  installation  of 
the  electric  system  of  traction  nor  of  deprecia- 
tion of  equipment,  such  charges  being  elsewhere 
considered  (chapter  401). 

I.     Maintenance  of  Way  and  Structures* 

Account  No.  i — Superintendence:  The  change 
from  steam  to  electric  operation  will  involve 
no  change  in  the  total  expenditures  under  this 
account.  The  expense  of  new  officers,  if  any, 
who  will  be  required  for  superintendence  under 
electric  operation  will  be  approximately  equiva- 
lent to  that  of  present  officers  who  will  not  be 
required  subsequent  to  the  change. 

Account  No.  2 — Ballast:  The  quantity  of 
ballast  required  and  the  cost  of  placing  it  will 
be  the  same  for  electric  operation  as  for  steam 

*  Classification  of  operating  expense  accounts  as  prescribed  by  the  Inter- 
•tate  Commerce  Commission  for  steam  railroads,  effective  July  i,  1908. 


operation,  and  there  will  be  no  change  in  the 
amount  of  the  expenditures  chargeable  to  this 
account. 

Account  No.  3 — Ties:  The  installation  of  the 
2,4oo-volt  direct  current  or  of  the  u.ooo-volt 
alternating  current  systems  of  traction  will  in- 
volve no  change  in  the  expenses  chargeable  to 
this  account.  The  installation  of  the  third  rail 
6oo-volt  direct  current  system  of  traction  will 
involve  the  use,  at  intervals  in  the  track,  of  ties 
of  greater  length  than  the  standard  tie  used  at 
present.  The  longer  tie  is  required  to  provide 
a  support  for  the  standards  of  the  third  rail. 
Accepted  standards  of  construction  employ  long 
ties  6  by  8  inches  by  9  feet,  4  inches,  spaced 
approximately  at  lo-foot  intervals,  so  that  every 
fifth  tie  in  the  present  tracks  will  be  replaced 
by  a  long  tie.  With  the  third  rail  installation, 
therefore,  the  increased  cost  of  these  ties  will 
constitute  an  added  maintenance  expense  charge- 
able to  this  account.  It  is  assumed  that  the 
longer  tie  to  be  used  for  the  third  rail  installation 
will  be  of  the  same  quality  as  the  present  No.  i  tie. 

Reports  made  by  13  railroads,  operating  during 
1912  a  total  of  2,956  miles  of  track  within  the 
Area  of  Investigation,  show  the  cost  of  ties  used 
in  the  maintenance  of  their  tracks  to  be  $134.68 
per  mile  of  track,  this  amount  representing  the 
cost  of  the  ties  f.  o.  b.  cars  at  Chicago.  On  the 
average,  184  ties  per  mile  of  track  were  required 
for  maintenance.  The  average  cost  of  No.  i  ties 
was  $0.744  each  and  of  No.  2  ties,  $0.72  each. 

The  present  No.  i  standard  tie  is  6  by  8  inches 
by  8  feet  in  dimensions,  and  the  cost  per  lineal 
foot  is  $0.093.  The  longer  tie  which,  in  the  third 
rail  installation,  will  be  substituted  for  every 
fifth  tie,  is  to  be  of  the  same  cross-section  and  of 
the  same  quality  as  the  standard  No.  i  tie  but 
will  be  i  foot,  4  inches,  longer.  This  additional 
length,  at  the  average  price  of  $0.093  P61"  lineal 
foot  for  the  standard  No.  i  tie,  will  make  the 
average  cost  of  long  ties  $0.868  each.  On  the 
basis  of  the  average  annual  maintenance  require-  , 
ment  of  184  ties  per  mile  of  track,  as  shown  by  the 
reports  of  the  13  roads  covering  operation  during 
1912,  this  added  cost  for  long  ties  will  effect  an 
increase  on  the  average  in  the  cost  of  37  ties  per 
mile  of  track.  The  total  increase  per  mile  of 
track  will  therefore  be  $4-59.  or  3-4  P«r  cent 
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above   the   present   expense   chargeable   to   this 
account. 

An  extension  of  this  unit  increase  to  cover  the 
trackage  within  the  proposed  limits  of  electrifica- 
tion of  the  Chicago  &  North  Western  Railway, 
which  has  been  used  as  the  basis  for  determining 
the  operating  expense  under  the  third  rail  system 
of  traction,  yields  results  as  shown  by  table 
CCCLXXXIII. 

TABLE   CCCLXXXIII.     ESTIMATED   ANNUAL   INCREASE  IN  EX- 

PENDITURES  UNDER  ACCOUNT  No.  3  — TIES.  6OO-VOLT 

D.  C.  OPERATION  ON  THE  CHICAGO  ft 

NORTH  WESTERN  RAILWAY 

(Basil  of  1911) 


iota  • 

Track 

Steam  Operation 

Estimated  Annual 

<      ••  .  :    !   •  -  -A  •:. 

«x>-voit  D.  c. 

Installation 

Increase  Due  to 
000-  Volt  D.  C. 
Installation 

IV  r  Mile 

Total 

Per  Mile 

Total 

Per  Mile 

Total 
AX. 

i 

J 

. 

4 

ft 

6 

7 

M2 

1134.68 

171.649 

174.0112 

$4.59 

J2.443 

The  total  expense  under  Account  No.  3  for  all 
roads  for  1912  was  $463,183.  This  expense  is 
divided  by  services  as  follows: 

Through  passenger $102,919 

Suburban  passenger 81,011 

Road  freight 37t4*5 

Yard  and  transfer 241,818 

Total $463,183 

Account  No.  4 — Rails:  The  introduction  of 
electric  traction  under  steam  railroad  conditions 
need  not  necessarily  involve  any  change  in  the 
standard  track  rails  used  for  steam  traction. 
The  estimates  of  the  Committee  covering  instal- 
lation cost  and  operating  expense  of  any  of  the 
electric  traction  systems  proposed,  contemplate 
the  use  of  the  present  track  rails  after  electrifi- 
cation. A  study  of  the  expense  of  maintaining 
rails  under  electric  traction  does  not  indicate  that 
the  expenditures  chargeable  to  this  account  will 
be  affected  by  electric  traction.  Under  electric 
operation  elsewhere,  it  has  not  been  apparent 
that  the  wheel  loads  and  other  strains  imposed 
upon  the  track  by  electric  locomotives  are  differ- 
ent in  their  effects  from  those  due  to  steam 
locomotives. 

Account  No.  5 — Other  Track  Material:  The 
expenditures  chargeable  to  this  account  will  not 
be  affected  by  the  installation  and  operation  of 
any  of  the  electric  traction  systems  proposed  by 
the  Committee. 


Account  No.  6 — Roadway  and  Track:  The 
expenditures  per  track  mile  chargeable  to  this 
account  will  not  be  affected  by  the  installation 
and  operation  of  either  the  2,4oo-volt  direct 
current  or  the  11,000- volt  alternating  current 
system  of  traction.  The  installation  and  opera- 
tion of  the  6oo-volt  direct  current  third  rail 
system  will,  however,  involve  an  increase  in 
expense  under  this  account,  due  to  the  fact  that 
third  rail  construction  will  require  greater  caution 
on  the  part  of  track  laborers  and  consequently 
will  result  in  a  reduction  in  efficiency  and  in  the 
amount  of  work  performed  by  each  man  employed. 

Definite  quantitative  figures  relating  to  the 
increased  unit  expense  under  this  account  are 
difficult  to  obtain.  Opinions  of  operating  officers 
of  the  New  York  Central,  Pennsylvania,  Long 
Island  and  the  West  Jersey  &  Seashore  roads,  all 
of  which  employ  the  third  rail  system,  are  to  the 
effect  that  there  is  generally  a  reduction  in  the 
amount  of  work  per  man  and  a  consequent 
increase  in  expense,  due  to  the  proximity  of  the 
third  rail  to  the  track  rails. 

Based  upon  reports  of  engineers  experienced 
in  track  maintenance  and  upon  the  studies  and 
investigations  of  the  Committee's  staff,  percent- 
age increases  in  this  account  have  been  fixed  as 
follows : 


Track  laying  (Account  No.  6-A) 
Surfacing  (Account  No.  6-B) 
Repairing  (Account  No.  6-C) 


PER  CENT 

20 
10 
10 


From  reports  furnished  by  the  railroads  it 
was  determined  that  the  average  labor  cost  of 
replacing  cross  ties  in  1912  was  $0.30  per  tie  and 
that  the  cost  of  applying  other  track  material 
under  this  account,  such  as  maintenance  ballast, 
rail  joints  and  spikes,  was  $15.65  per  mile  of 
track  per  annum.  Thus,  in  1912,  the  total  av- 
erage annual  labor  cost  per  mile  of  track  under 
this  account,  on  the  basis  of  the  maintenance 
requirements  of  184  ties  per  mile  (see  analysis 
of  Account  No.  3),  was  $70.85.  The  analysis  of 
the  facts  indicated  that  this  average  expenditure 
was  apportioned  among  the  three  secondary  ac- 
counts mentioned,  as  follows: 


Track  laying  (Account  No.  6-A) 
Surfacing  (Account  No.  6-B) 
Repairing  (Account  No.  6-C)     . 

Total 


PER  CENT 
-         5«      • 
.         40       . 
IO 


100 


AMOUNT 

$35-43 

28-34 

7.08 

$70-85 
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This  average  annual  maintenance  expense  per 
mile  of  track  is  based  upon  the  reported  expend- 
itures for  1912,  covering  all  classes  of  track, 
including  main  track,  yard  track  and  sidings. 

As  stated,  the  installation  and  operation  of  the 
third  rail  traction  system  will  involve  an  increase 
of  20  per  cent  in  the  expense  of  track  laying 
(Account  No.  6-A),  of  10  per  cent  in  the  cost  of 
surfacing  (Account  No.  6-B)  and  of  10  per  cent 
in  the  cost  of  repairing  (Account  No.  6-C).  The 
added  expense  per  mile  of  track  for  maintenance 
under  Account  No.  6,  due  to  third  rail  operation, 
will  therefore,  on  the  basis  of  the  conditions 
existing  in  1912,  be  as  follows: 


Track  laying  (Account  No.  6-A) 
Surfacing  (Account  No.  6-B) 
Repairing  (Account  No.  6-C) 


PER  CENT 
.      2O      . 
.       10      . 
IO 


AMOUNT 
$7-085 

2-834 
0.708 


Total        .      .  _ -.  .     .     $10.627 

The  application  of  this  unit  of  increase  to  the 
entire  trackage  within  the  proposed  limits  of 
electrification  of  the  Chicago  &  North  Western 
Railway  yields  the  results  which  are  shown  by 
table  CCCLXXXIV. 

TABLE     CCCLXXXIV.       ESTIMATED     ANNUAL      INCREASE     IN 

ACCOUNT    No.  6  — ROADWAY    AND    TRACK.    6oo-VOLT 

D.  C.  OPERATION  ON  THE  CHICAGO  &  NORTH 

WESTERN  RAILWAY 

(Basis  of  1912) 


Miles  of 
Trade 

Steam  Operation 

Estimated  Annual 
Coat  of  Labor  with 
600-Volt  D.  C. 
Installation 

Increase  Due  to 
800-Volt  D.  C. 
Installation 

Per  Mil. 

Total 

Per  Mile 

Total 

Per  Mile 

Total 

1 

a 

3 

4 

5 

6 

7 

532 

ITOJJS 

S37.691 

$81.477 

si:i.:ur, 

$10.627 

$6.685 

The  total  expense  chargeable  to  Account  No.  6 
for  all  roads  for  the  year  1912  amounted  to 
$243,663.  This  expense  is  apportioned  to  the 
different  services  as  follows: 

$  54.142 

42,617 

19,688 

127,216 


Through  passenger 
Suburban  passenger 
Road  freight 
Yard  and  transfer  . 
Total 


$243,663 

Account  No.  7 — Removal  of  Sand,  Snow  and 
Ice:  The  installation  and  operation  of  either  the 
2,4oo-volt  direct  current  or  the  n,ooo-volt  alter- 
nating current  system  of  traction  will  involve 
no  change'  in  the  expenditures  chargeable  to  this 
account.  The  installation  and  operation  of  the 
600- volt  direct  current  third  rail  system,  however, 
will  involve  an  increase  due  to  the  necessity  of 


removing  sleet  or  snow  from  the  third  rail  ami 
also  to  the  fact  that  the  space  alongside  the  tracks 
available  for  piling  snow  is  restricted  by  the 
presence  of  the  third  rail.  These  conditions  will 
effect  an  increase  in  the  expense  of  clearing  tracks 
at  stations,  switches  and  crossovers,  and  in 
yards  where  the  track  arrangement  is  complex 
and  the  activities  are  constant.  In  estimating 
the  increase  in  expense  under  this  account,  the 
Committee  has  studied  the  operation  of  electrified 
steam  roads  in  other  parts  of  the  country  and  has 
made  due  allowance  for  differences  in  climatic 
conditions  so  as  to  reduce  known  or  established 
values  to  the  basis  of  Chicago's  conditions 

The  removal  of  snow  and  ice  under  third  rail 
operation  is  accomplished  by  means'  of  special 
equipment.  The  expense  of  operating  this  equip- 
ment has  been  estimated  on  the  basis  of  facts 
obtained  from  roads  operating  the  third  rail 
system.  The  Long  Island  Railroad,  which  oper- 
ates electrically  about  200  miles  of  track,  employs 
two  calcium  chlorid  cars  which  are  sent  over  the 
lines  during  or  following  a  storm.  In  addition, 
patrol  trains  are  employed  on  exposed  parts  of 
the  lines  during  periods  of  storm.  Three  of  these 
patrol  trains  are  used  on  the  Long  Island  Railroad. 
They  are  equipped  with  sleet  cutting  shoes  which 
serve  to  remove  the  ice  or  sleet  from  the  third 
rail  after  the  application  of  calcium  chlorid.  The 
expense  of  operating  these  calcium  chlorid  and 
patrol  trains  amounts  to  about  $30.00  per  day 
per  train. 

The  meteorological  records  for  New  York  show 
that  during  the  past  seven  or  eight  years  there 
have  been,  on  the  average,  six  storms  annually, 
the  severity  of  which  would  require  the  use  of 
the  special  equipment  provided.  The  average 
period  of  duration  of  storms  has  been  about 
one  day  each.  On  the  basis  of  this  record, 
the  additional  cost  per  annum  of  removing  snow 
and  ice  on  the  Long  Island  Railroad  may  be  an- 
alyzed as  follows: 

One  day  for  each  of  4  trains,  at  $30.00  per  day     .      .     $120.00 
One   man  for   each    10  miles  of  track  for  one  day, 
at  $2.25  per  day 45-OO 

Total  for  each  storm $165.00 

Total  per  annum  for  6  storms    ......  $990.00 

Average  additional  expense  per  mile  of  track  per 

annum $4-95 

It  is  reported  that  the  average  additional 
expense  chargeable  to  this  account  on  the  Penn- 
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sylvania  Railroad's  New  York  terminal  electric 
traction  system  is  $5.70,  and  on  the  West  Jersey 
and  Seashore's  electric  lines  $4.53,  per  mile  of 
track  per  annum. 

For  the  purposes  of  these  estimates,  the  addi- 
tional expense  which  will  be  involved  in  the  re- 
moval of  snow  and  ice  under  third  rail  operation 
of  the  Chicago  terminals  has  been  fixed  at  $5.00 
per  mile  of  track  per  annum. 

The  expenditure  for  the  removal  of  snow,  sand 
and  ice  from  the  tracks  of  the  Chicago  &  North 
Western  Railway  within  the  proposed  limits  of 
electrification,  during  the  year  1912,  amounted 
to  $84,186.  The  estimated  additional  cost  of 
$5.00  per  mile  of  track  is  therefore  equivalent  to 
an  increase'  of  3.16  per  cent. 

The  application  of  this  estimated  unit  increase 
to  all  the  trackage  of  the  Chicago  &  North 
Western  Railway  embraced  by  the  plan  of 
electrification  yields  results  as  shown  by  table 
CCCLXXXV. 


TABLE   CCCLXXXV.      ESTIMATED   ANNUAL    INCREASE   IN    AC- 
COUNT   No.    7  — REMOVAL    OF    SAND,   SNOW   AND  ICE 
600-VOLT  D.  C.  OPERATION  ON  THE  CHICAGO  ft  NORTH 
WESTERN  RAILWAY 
(Basis  of  1911) 


Mil™ 
of 
Track 

t  Hc- 
moval  of  Sand. 

Slum  ami  Ice, 
with  Strjim 
Operation 

1 

2 

432 

$M.1M. 

K*timat«l  Annual  Co«t  of 

Ki-inoval  of  Sand.  Snnw 

.in-l  Ire  with  60O-Vc.li 

D.  C.  Installation 

3 

$.sr..xn 


In  determining  the  additional  expense  charge- 
able to  this  account,  no  consideration  has  been 
given  to  the  added  cost  of  increased  delays  in 
train  movements  due  to  the  difficulties  of  remov- 
ing snow  and  ice  promptly  under  all  conditions. 
It  is  believed,  however,  that  the  special  equip- 
ment for  removal  of  snow  and  ice,  provided  for 
in  the  Committee's  estimates  (section  213.128), 
will  prove  adequate  for  the  prompt  handling  of 
any  situation  which  may  ordinarily  arise. 

The  total  cost  to  all  roads  due  to  expenditures 
chargeable  to  Account  No.  7  during  the  year  1912 
was  $240,740.  This  expense  has  been  appor- 
tioned to  the  different  services' as  follows: 

Through  passenger $  53,492 

Suburban  passenger 42,105 

Road  freight 19,452 

Yard  and  transfer 125,691 

Total $240,740 


Account  No.  8 — Tunnels:  There  are  no  tun- 
nels within  the  proposed  limits  of  electrifica- 
tion and  consequently  no  expense  chargeable  to 
this  account.  No  change  will  result  from  the 
installation  and  operation  of  any  of  the  proposed 
electric  traction  systems. 

Account  No.  Q — Bridges,  Trestles  and  Culverts: 
The  installation  and  operation  of  any  of  the 
electric  systems  proposed  will  involve  a  slight 
increase  in  the  expense  of  cleaning  and  painting 
bridges  to  which  transmission  or  contact  wires 
may  be  attached,  but  the  amount  has  been 
regarded  as  slight  and  no  estimates  to  cover  it 
have  been  made. 

Account  No.  10 — Over  and  Under  Grade  Cross- 
ings: As  in  the  case  of  Account  No.  9,  the 
presence  of  transmission  lines  or  of  other  wire 
lines  incident  to  electric  installations  will  involve 
a  slight  increase  in  the  cost  of  cleaning  and 
painting  structures  employed  for  over  or  under 
grade  crossings,  but  no  quantitative  estimates 
to  cover  this  increase  have  been  made. 

Account  No.  n — Grade  Crossings,  Fences, 
Cattle-Guards  and  Signs:  The  installation  and 
operation  of  either  the  2,4oc-volt  direct  current 
or  the  u,ooo-volt  alternating  current  system  of 
traction  will  involve  no  change  in  the  expenditures 
chargeable  to  this  account.  The  operation  of 
the  6oo-volt  direct  current  third  rail  system  will, 
however,  require  the  installation  and  maintenance 
of  additional  wing  and  right-of-way  fences  and 
cattle-guards,  the  presence  of  which  is  required 
in  the  interest  of  safe  operation.  The  estimated 
expense  of  maintaining  bridge  and  contact  wire 
warnings  for  the  2,4oo-volt  and  the  n,ooo-volt 
systems  is  considered  hereinafter  in  the  analysis 
of  Account  No.  15. 

It  has  been  estimated  (section  213.123)  that  the 
installation  cost  of  the  additional  fences  and  cattle- 
guards  required  on  a  single  road,  the  Chicago  & 
North  Western  Railway,  on  the  basis  of  1912,  will 
be  $30,040.  The  annual  maintenance  expense 
of  such  structures,  not  including  depreciation, 
has  been  estimated  at  10  per  cent  of  the  installa- 
tion cost.  The  added  maintenance  expense  to 
this  road  under  this  account  will  therefore  be 
$3,004.  The  amount  charged  to  this  account  by 
the  Chicago  &  North  Western  Railway  during 
the  year  1912  was  $2,277.62  and  the  expense 
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under  third  rail  operation  will  be  $5,281.62. 
This  increase  has  been  considered  in  determin- 
ing the  expense  of  the  third  rail  operation  of  all 
roads  within  the  proposed  limits  of  electrification, 
by  extending  this  unit  to  cover  all  roads  in  the 
manner  hereinbefore  described  (section  301.04). 
The  total  expenditures  of  all  roads  chargeable 
to  Account  No.  n  during  the  year  1912  amounted 
to  $42,608.  This  expense  is  apportioned  to  the 
different  services,  as  follows: 

Through  passenger $  9,467 

Suburban  passenger 7,452 

Road  freight .  3,443 

Yard  and  transfer 22,246 


Total 


$42,608 


Account  No.  12 — Snow  and  Sand  Fences  and 
Snow  Sheds:  No  structures  of  this  character 
exist  within  the  proposed  limits  of  electrification 
and  none  will  be  required  as  a  result  of  the  electric 
installation.  There  are,  therefore,  no  expendi- 
tures chargeable  to  this  account  for  steam  opera- 
tion and  there  will  be  none  for  electric  operation. 

Account  No.  13 — Signals  and  Interlocking 
Plants:  In  the  proposed  change  from  steam  to 
electric  operation,  no  changes  are  contemplated 
in  the  number  or  type  of  existing  signals.  The 
introduction  of  any  of  the  systems  of  electric 
traction  proposed  will,  however,  involve  additions 
to  present  signal  control  apparatus  or,  in  some 
cases,  the  substitution  of  new  apparatus.  It  will 
also  involve  a  new  power  supply  with  its  trans- 
mission lines.  These  additions  and  changes  will 
effect  an  increase  in  the  present  operating  expense 
chargeable  to  this  account. 

Data  are  not  available  upon  the  basis  of  which 
determination  may  be  made  of  the  final  net  effect 
of  these  changes  in  apparatus  upon  the  operating 
and  maintenance  expense  of  the  signal  installa- 
tions within  the  proposed  limits  of  electrification. 
From  present  knowledge  and  information,  how- 
ever, the  effects  of  the  changes  may  be  analyzed. 

The  maintenance  of  track  circuits  will  not  be 
affected  by  the  character  of  current  flowing  in 
them,  but  the  maintenance  of  certain  portions  of 
the  controlling  apparatus  connected  with  the  track 
circuits  will  be  subject  to  change,  owing  to  the 
requirement  of  additional  apparatus  for  the 
alternating  current  circuits,  which  apparatus  is 
not  needed  in  the  circuits  using  direct  current. 


The  omission  of  the  track  circuit  battery  sets  will 
also  have  some  effect.  The  principal  elements 
which  are  required  to  make  up  the  track  circuits 
under  electric  operation  are: 

1.  Track  wiring. 

2.  Relays. 

3.  Impedance  bonrls. 

4.  Track  transformers. 

The  first  two  of  these  elements  constitute 
necessary  parts  of  the  track  circuit  under  steam 
operation.  The  impedance  bonds  and  the  track 
transformers  are  additional  apparatus  required 
under  electric  operation.  Both  of  these  pieces 
of  apparatus  are  durable  and  require  only  occa- 
sional inspection,  repairs  and  renewals.  The 
additional  maintenance  expense  for  the  added 
track  circuit  apparatus  has  been  estimated  as 
follows : 

PER  CIRCUIT  MILE 
PER  ANNUM 

6oo-volt  and  2,400-volt  direct  current  systems  .  .  .  $12.00 
1 1, ooo-volt  alternating  current  system 9.00 

With  reference  to  the  relays  it  may  be  assumed 
without  material  error  that  any  change  from 
alternating  current  to  direct  current  relays  will 
not  involve  a  change  in  the  maintenance  expense. 
The  maintenance  expense  of  the  track  circuit 
battery  sets  which  will  be  displaced  as  a  result 
of  the  installation  of  an  electric  traction  system  is 
about  $1.00  per  month  per  circuit  or  $12.00  per 
annum.  This  amount  may  be  regarded  as  a 
credit  in  considering  the  effect  of  the  change  from 
steam  to  electric  operation  upon  the  expenditures 
chargeable  to  this  account.  The  addition  of  the 
maintenance  expense  of  the  new  track  circuits 
will,  therefore,  in  the  case  of  the  direct  current 
system  of  traction,  be  offset  by  this  reduction  due 
to  electrification,  and  no  change  in  the  operating 
expense  of  the  track  circuit  apparatus  proper 
will  result.  In  the  case  of  the  alternating  current 
system  of  traction,  the  credit  of  $12.00  per  annum 
due  to  the  elimination  of  the  track  battery  sets 
will  more  than  offset  the  new  charge  of  $9.00  per 
circuit  mile  per  annum  due  to  maintenance  of 
added  track  circuit  apparatus,  leaving  a  credit 
as  a  result  of  electrification  of  $3.00  per  circuit 
mile  per  annum. 

The  introduction  of  the  transmission  systems 
for  the  track  circuit  current  will  involve  an  added 
maintenance  expense,  which  may  be  assumed  to  be 
equal  to  that  involved  in  the  maintenance  of  the 
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high  tension  transmission  power  line.  Upon  this 
basis  the  annual  maintenance  expense  for  the 
transmission  system  for  the  track  circuit  cur- 
rent will  be: 

PER  MILE 

For  the  600- volt  direct  current  third  rail  system  .  .  $40.00 
For  the  2,4OO-volt  direct  current  or  the  I  i,ooo-volt 

alternating  current  system 25 .  oo 

The  difference  between  the  maintenance  expense 
under  the  third  rail  system  and  that  under  the 
two  overhead  systems  is  due  to  the  necessity  of 
including,  in  the  case  of  the  third  rail  system, 
the  expense  of  maintaining  a  pole  line  which, 
with  the  other  two  systems,  is  supplied  by  the 
supporting  structures  for  the  overhead  contact. 

Under  present  steam  operation  the  track  cir- 
cuit control  and  the  automatic  signal  movements 
proceed  from  a  primary  battery  power  supply. 
Under  the  proposed  electric  operation  batteries 
will  continue  to  be  used  for  operating  the  signals, 
but  the  track  circuit  batteries  will  be  displaced 
by  the  centralized  alternating  current  power 
supply  from  the  central  power  station  provided  for 
traction  purposes.  Thus,  the  expense  of  inspect- 
ing and  cleaning  batteries  for  operating  the  signals 
will  not  be  changed  and  the  expense  of  the  alter- 
nating current  power  plant  operation  and  main- 
tenance will  be  added.  Alternating  current  power 
from  a  steam  power  plant  is  much  cheaper  than 
direct  current  power  produced  by  chemicals  in  a 
primary  battery.  For  this  reason  a  net  saving 
in  the  cost  of  power  would  result  from  the  pro- 
posed change,  were  it  not  for  the  fact  that  alter- 
nating current  track  circuits  require  more  energy 
than  do  direct  current  circuits.  The  maintenance 
and  operating  expense  of  the  signal  power  sub- 
stations is  dependent  largely  upon  the  local 
conditions  to  be  met  in  each  installation.  In 
cases  in  which  the  signal  power  substations  may 
be  located  in  buildings  provided  for  traction  power 
substations,  or  in  or  near  other  buildings  where 
attendance  is  provided  for  other  purposes,  the 
added  operating  expense  will  not  be  great;  but 
where  separate  plants  are  required  for  the  signal 
power  substations  the  increase  resulting  will  be 
appreciable.  A  detailed  study  has  been  made  of 
local  conditions  in  the  Chicago  terminals  with 
reference  to  this  subject,  and  it  is  estimated  that 
the  expense  of  operation  and  maintenance  of  the 
signal  power  substations  within  the  proposed 


limits  of  electrification  will  amount  annually  to 
seven  per  cent  of  the  installation  cost. 

For  the  2,4oo-volt  direct  current  or  the  11,000- 
volt  alternating  current  system,  a  total  of  1 7  sig- 
nal power  substations  will  be  required  within  the 
proposed  limits  of  electrification.  Three  of  these 
substations  will  cost  $11,000  each  and  14  will  cost 
$15,000  each,  the  average  unit  cost  being  $14,294. 
On  the  basis  of  an  annual  maintenance  expense 
equivalent  to  seven  per  cent  of  the  first  cost,  the 
average  annual  expense  per  substation  will  be 
$1,000. 

The  application  of  the  unit  values  resulting 
from  the  foregoing  analysis,  to  the  total  quantities 
involved  in  the  signal  system  proposed  under 
electric  operation,  yields  additional  expenses  for 
the  maintenance  and  operation  of  the  signal 
installation  under  the  2,4oo-volt  direct  current 
system  and  the  u.ooo-volt  alternating  current 
systems,  as  shown  by  table  CCCLXXXVI. 

TABLE     CCCLXXXVI.      ESTIMATED      INCREASE     IN     ACCOUNT 

No.  13  —  SIGNALS  AND  INTERLOCKING  PLANTS 

ELECTRIC  OPERATION  OP  ALL  ROADS 

(But*  of  loti) 


torn 

2.400-Volt 
D.  C. 

11,000-Volt 
A.  C. 

l 

» 

4 

Traumuaion  line*  and  trmck  circuit* 

;i.Uj,.,:.. 

',?:$ 

t  7,548 
17.000 

Totals 

•25.578 

$24.548 

Reports  furnished  by  the  railroads  indicate  that 
the  expense  of  operating  and  maintaining  the 
signal  systems  of  all  roads,  within  the  proposed 
limits  of  electrification,  during  the  year  1912, 
amounted  to  $405 ,512.  By  adding  to  this  amount 
the  estimated  increases  incident  to  electric  opera- 
tion and  apportioning  the  totals  among  the  four 
services  recognized,  results  are  obtained  for  2,400- 
volt  direct  current  operation  and  for  11,000- 
volt  alternating  current  operation  as  shown  by 
table  CCCLXXXVII. 

TABLE    CCCLXXXVII.     ESTIMATED    TOTAL    EXPENSE    UNDER 

ACCOUNT  No.  13  — SIGNALS  AND   INTERLOCKING  PLANTS 

ELECTRIC  OPERATION  OP  ALL  ROADS 

(Bui*  of  ton) 


! 

Steam 

2,400-V.>lt 
D.  C. 

11,  000-  Volt 
A.  C. 

1                        i 

a 

3 

4 

t  90,105 

t  93.788 

t  95,550 

70094 

JS,3M 

7  -...'1  7 

W,7« 

,;  983 

(4.749 

Yard  and  transfer  .         

211.718 

225.072 

224,535 

Totals 

S40A.512 

$431.090 

S430.0AO 
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The  estimated  unit  increase  under  this  account 
for  the  6oo-volt  direct  current  third  rail  system 
has  been  applied  to  the  Chicago  &  North  Western 
Railway  and  has  been  used  in  determining  the 
ratio  of  the  expense  of  third  rail  operation  to  that 
of  steam  operation,  in  the  manner  described, 
with  results  as  shown  by  table  CCCLXXXVIIL 

TABLE  CCCLXXXVIIL     ESTIMATED  INCREASE  IN  ACCOUNT 

No.  13  — SIGNALS     AND     INTERLOCKING     PLANTS 

ELECTRIC  OPERATION  OP  THE   CHICAGO 

*  NORTH  WESTERN   RAILWAY 


(Basis  of  1012) 


Item 


Transmission  lines  and  track  circuits . 
Signal  power  substations 


TotsJ 


2 

84.1  mil.-* 


-von 

D.  C. 


$3.364 

WKX) 


<  ...;.,i 


The  report  furnished  by  this  road  shows  that 
the  expense  of  operating  and  maintaining  its 
signal  system,  within  the  proposed  limits  of  elec- 
trification, during  the  year  1912,  amounted  to 
$117,651.  By  adding  to  this  amount  the  esti- 
mated increase  incident  to  electric  operation,  the 
cost  of  operation  of  signals  and  interlocking  plants 
totals  $123,015. 

Account  No.  14 — Telegraph  and  Telephone  Lines: 
The  installation  and  operation  of  any  of  the  pro- 
posed electric  traction  systems  will  involve  the 
installation  and  the  maintenance  of  additional 
telephone  facilities  to  provide  a  patrol  line  by 
means  of  which  prompt  communication  may  be 
established  at  any  time  between  fixed  points  along 
the  line  of  road,  and  the  power  station  and  oper- 
ating headquarters. 

The  patrol  line  will  consist  of  an  overhead  open 
wire  circuit  installed  along  all  main  track  right-of- 
way  and  connected  to  serve  telephone  instruments 
placed  in  protecting  boxes  at  half-mile  intervals. 
The  estimates  provide  for  the  rental  of  telephone 
instruments.  The  annual  maintenance  expense 
of  the  patrol  line  is  estimated  at  $6.00  per  mile 
and  that  of  the  protecting  boxes  at  $1.00  each 
or  $2.00  per  route  mile,  the  total  annual  main- 
tenance expense  being  $8.00  per  mile  of  patrol 
line.  Since  the  estimates  provide  for  the  in- 
stallation of  the  patrol  line  along  all  main  track 
right-of-way,  the  number  of  miles  of  patrol  line 
is  equivalent  to  the  number  of  miles  of  main  line 
route.  On  the  basis  of  1912,  there  are  565.5 
route  miles  within  the  limits  of  electrification  and 


the  total  annual  maintenance  expense  of  patrol 
lines  to  all  roads  will  therefore  be  $4,524.  The 
amount  will  be  the  same  for  each  of  the  electric 
traction  systems  proposed.  The  rental  charges 
and  the  operating  expense  of  the  telephone  in- 
struments are  hereinafter  considered  (Account 
No.  94).  The  maintenance  of  the  apparatus  re- 
quired for  the  prevention  of  inductive  effects  in 
the  case  of  the  proposed  n.ooo-volt  alternating 
current  system  of  traction  is  considered  under 
Account  No.  15.  The  expense  of  operating  and 
maintaining  telegraph  and  telephone  lines  dur- 
ing the  year  1912,  as  indicated  by  reports  fur- 
nished by  the  railroads,  amounted  to  $39,864. 
By  adding  to  this  amount  the  estimated  mainte- 
nance expense  of  the  patrol  line  required  under 
electric  operation  and  by  apportioning  the  totals 
to  the  four  services  recognized,  results  are  ob- 
tained as  shown  in  table  CCCLXXXIX. 

TABLE    CCCLXXXIX.     ESTIMATED    ANNUAL    EXPENSE    UNDER 

ACCOUNT  No.  14  — TELEGRAPH  AND  TELEPHONE  LINES 

STEAM  AND  ELECTRIC  OPERATION  OP  ALL  ROADS 

(Basis  of  1917) 


Service 

Steam 
1912 

2.400-Volt 
D.  C. 

ll.OUO.Volt 
A.  C. 

1 

2 

8 

4 

<  tJUt 

*  a  «63 

(  9363 

Suburban  pnaaongrr   

',••71 

7,762 

-  -, 

Hoad  f  reign  t 

•;   •  •  • 

.  -.«- 

..., 

toM  • 

23  171 

23  171 

Total.       

(39.804 

S44.384 

»44.384 

The  estimated  unit  increase  under  this  account 
for  the  6oo-volt  direct  current  system  is  the  same 
as  for  the  2,4oo-volt  direct  current  and  the  11,000- 
volt  alternating  current  systems.  This  unit  has 
been  applied  to  the  route  mileage  of  the  Chicago 
&  North  Western  Railway  and  the  result  used  in 
determining  the  increased  expense  of  third  rail 
operation  on  this  road  in  the  manner  described. 
The  additional  cost,  under  conditions  existing  in 
1912,  amounts  to  $736.  The  expense  of  main- 
tenance as  reported  by  the  railroad  amounted,  in 
1912,  to  $2,634.  The  estimated  total  expense 
under  third  rail  operation  is,  therefore,  $3,370. 

Account  No.  15 — Electric  Power  Transmission: 
The  estimated  operating  expense  chargeable  to 
this  account  under  any  of  the  proposed  systems  of 
electric  traction  will  constitute  additions  to  the 
present  operating  expense,  there  being  no  charges 
to  this  account  under  steam  operation. 

The  estimated  expense  chargeable  to  this  ac- 
count includes  the  expense  of  maintenance  and 
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inspection  of  all  parts  of  the  electric  traction 
system  between  the  power  station  and  the  col- 
lecting devices  of  the  locomotives  and  motor  cars, 
except  the  expense  of  maintaining  substations, 
which  is  hereinafter  considered  under  Account 
No.  47.  The  items  to  be  considered  under  this 
account,  therefore,  include  the  following: 

1 .  The  maintenance  and  inspection  of  high  ten- 
sion transmission  lines;  also  the  maintenance  and 
inspection  of  supporting  structures  and  founda- 
tions for  the  transmission  lines ;  or,  in  instances 
in  which  the  same  structures  are  used  for  support- 
ing both  the  transmission  lines  and  the  overhead 
contact  construction,  that  portion  of  the  expense 
of  maintenance  and  inspection  of  such  structures 
which  is  chargeable  to  transmission.     (The  main- 
tenance of  high  voltage  feeder  circuits  used  in  con- 
nection with  the  signal  system  is  not  considered 
under  this  account  even  though  conductors  for 
such  circuits  may  be  mounted  on  the  same  struc- 
tures with  the  transmission  lines.) 

2.  The  maintenance  and  inspection  of  contact 
systems  with  distributing  fivdi-rs,  if  any  (over- 
head catenary  construction  or  third  rail),  includ- 
ing the  maintenance  of  supporting  structures  and 
foundations,  or  of  such  portions  of  this  as  may  be 
chargeable  to  contact  systems.     In  the  case  of  the 
n,ooo-volt  alternating  current  system  of  trac- 
tion, this  item  includes  the  maintenance  of  trans- 
formers to  be  provided  for  the  prevention  of 
inductive    effects   in    telegraph    and    telephone 
circuits.     In  the  case  of  the  third  rail  system  of 
traction,  this  item  includes  the  expense  of  main- 
tenance of  cables  and  cross  connections,  of  pro- 
tection boards  and  of  overhead  third  rail  sections 
with  supporting  structures,  where  used. 

3.  The  expense  of  maintaining  the  bonding  of 
track  rails,   cross-bonding   between   tracks   and 
substation  connections.     (The  expense  of  main- 
tenance and  operation  of  substations,  including 
buildings,  though  properly  a  part  of  the  operating 
expense    of   the   transmission    and    distribution 
systems,  is  considered  under  Account  No.  47.) 

Information  was  obtained  from  the  railroads 
operating  electric  traction  systems,  covering  the 
actual  expense  of  maintenance  and  inspection  of 
high  tension  transmission  lines  as  indicated  by 
their  records,  and  these  values  were  accepted  as  a 
basis  upon  which  to  estimate  this  expense  for 
the  systems  of  electric  traction  proposed  for  the 
Chicago  terminals.  Wherever  possible,  the  av- 
erage figures  for  a  period  of  years  were  obtained. 
These  values  are  shown  by  table  CCCXC. 

The  reported  expense  of  maintenance  and  in- 
spection of  the  high  tension  transmission  line  of 
the  West  Jersey  &  Seashore  Railroad  is  very  low 
in  comparison  with  expenses  reported  by  other 


TABLE  CCCXC.     ANNUAL  EXPENSE  OF  MAINTENANCE  AND  IN- 

SPECTION  OF  HIGH  TENSION  TRANSMISSION  LINES.  AS 

REPORTED  BY  RAILROADS  OPERATING  ELECTRH 

TRACTION  SYSTEMS 


Kulroad 

Synem 

\  .  •  •   .•• 
I'.  •  ..1 
Ye«r. 

per  M,l. 
of  V 
per  Annum 

1 

:t 

4 

LoiW   I 

•  '  »•: 

tl.UOMoli  thrrt"|>hiuM-iii. 

• 

S5Q  00 

Penniylvania  Ter- 
minal, New  York 

11.000-viiU  ihr..   |ili:(i«-lini'  »up- 

3 

41  00 

Wnit  Jrrwy  A  Sm- 

33.OOO-vi.li  tlim-pluiM-h' 

-. 

12  00 

V.ri..lk  A  We«ern 
IUilrnn'1 

44,()U(>-volt  •ingle-phue  line  nup- 

•-  • 

•  Estimated 

roads.  This  is  probably  due  to  the  type  of  con- 
struction employed  and  to  the  difference  in  oper- 
ating conditions  on  this  road  and  on  the  other 
roads  to  which  reference  has  been  made.  It  is 
to  be  noted,  however,  that  conditions  on  the  West 
Jersey  &  Seashore  Railroad  are  not  in  any  respect 
similar  to  those  which  must  be  met  under  the  pro- 
posed electric  operation  of  the  Chicago  terminals. 

In  some  instances  the  transmission  lines  are 
maintained  by  a  separate  organization.  In  other 
instances,  the  same  force  is  used  for  the  mainte- 
nance and  inspection  of  both  the  transmission 
lines  and  the  contact  system.  It  is  contemplated 
that  the  latter  method  will  be  employed  under 
the  electric  operation  of  the  Chicago  terminals. 
On  the  Pennsylvania  Terminal  in  New  York 
City  the  same  force  is  used  for  the  maintenance 
and  inspection  of  both  the  transmission  line  and 
the  third  rail  contact  system,  and  for  the  purpose 
of  these  estimates  the  average  annual  expense 
reported  for  this  electrification,  or  about  $40.00 
per  wire  mile  per  annum  for  the  transmission 
line,  is  regarded  as  applicable  to  the  Chicago 
terminals.  For  transmission  lines  mounted  on 
catenary  bridges,  the  estimated  annual  expense  of 
maintenance  and  inspection  has  been  fixed  at 
$25.00  per  wire  mile  per  annum,  in  accordance 
with  the  estimated  expense  for  this  item  on  the 
Norfolk  &  Western  Railway. 

In  estimating  the  expense  of  maintenance  and 
inspection  of  the  contact  system,  consideration 
has  been  given  to  the  reported  expense  for  such 
items  on  railroads  now  operating  electric  traction 
systems.  In  this  study  two  types  of  contact 
systems  have  been  considered,  third  rail  con- 
struction and  overhead  catenary  construction. 

The  average  annual  expense  of  maintenance 
and  inspection  of  third  rail  contact  systems,  as 
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indicated  by  the  records  of  railroads  now  oper- 
ating such  systems  of  traction,  is  shown  by  table 
CCCXCI. 

TABLE   CCCXCI.     ANNUAL    EXPENSE    OF    MAINTENANCE   AND 

INSPECTION  OF  THIRD  RAIL  CONTACT  SYSTEM.  AS 

REPORTED  BY  RAILROADS  OPERATING 

ELECTRIC  TRACTION    SYSTEMS 


Hn.lroftd 

Average  Period 

-I  ,•:,,, 

I:\IKMIH,.  [XT   Mile 

o(  Trai'k  l«  r 
Annum 

1 

a 

8 

6 

(210  00 

PonnnylvRtua  Terminal.  New  York  . 
West  Jerwey  <fc  Seashore  Railroad  .  .  . 

3 

6 

HI  XI  00 

llli  m 

The  reported  expense  of  this  item  on  the  West 
Jersey  &  Seashore  Railroad  is  lower  than  the 
amounts  indicated  by  the  records  of  the  other 
two  roads.  This  condition  is  due  to  the  fact  that 
labor  costs  are  lower  on  the  West  Jersey  &  Sea- 
shore Railroad  than  on  the  other  two  roads,  and 
also  to  the  fact  that  the  third  rail  of  the  West 
Jersey  &  Seashore  Railroad  was  not  fitted  with 
protection  boards  until  several  years  after  the 
installation. 

For  the  purposes  of  these  estimates,  it  was 
thought  desirable  to  separate  the  expense  of  main- 
taining main  line  third  rail  construction  from  that 
of  maintaining  yard  track  third  rail  construction. 
The  figures  reported  for  the  Long  Island  Railroad, 
which  has  very  little  yard  track,  and  the  figures 
reported  for  the  Pennsylvania  Terminal,  which 
consists  largely  of  yards  and  tunnels,  have  been 
accepted  as  a  basis  for  the  estimated  expense  of 
maintenance  and  inspection  of  third  rail  con- 
struction on  the  Chicago  terminals.  Owing,  how- 
ever, to  the  fact  that  the  track  arrangement  in 
Chicago  is,  on  the  average,  more  complex  than 
that  on  either  of  the  roads  mentioned,  and  also 
to  the  fact  that  the  physical  difficulties  to  be  met 
in  Chicago  are  more  pronounced,  it  has  been  esti- 
mated that  the  expense  for  this  item  under  Chicago 
conditions  will  be  approximately  10  per  cent 
greater  than  the  amounts  reported  for  the  Long 
Island  Railroad  and  the  Pennsylvania  Terminal. 
Thus,  the  estimated  average  annual  expense  of 
maintenance  and  inspection  of  main  line  third 
rail  construction  in  Chicago  has  been  fixed  at 
$230  per  mile  of  track  and  that  of  yard  track  third 
rail  construction  at  $340  per  mile  of  track. 

Reliable  data  relating  to  the  actual  expense 
of  the  maintenance  and  inspection  of  overhead 
catenary  contact  systems  have  not  been  available 
owing  to  the  fact  that  there  are  few  railroads 


which  have  operated  an  overhead  catenary 
contact  system  of  electric  traction  for  a  sufficient 
period  to  provide  records  of  maintenance  expense 
not  complicated  by  the  costs  of  new  construction 
or  by  the  expense  of  changes  made  in  the  progress 
of  construction.  Reports  covering  the  mainte- 
nance expense  of  the  overhead  contact  system  of 
the  New  York,  Westchester  &  Boston  Railroad 
during  the  year  1913,  including  the  expense  of 
maintenance  of  track  bonding,  indicate  the  aver- 
age expense  to  be  $228  per  mile  of  track. 

By  carefully  estimating  the  labor"  required  for 
the  maintenance  and  inspection  of  an  overhead 
catenary  contact  system  and  by  adding  to  this 
amount  the  estimated  cost  of  materials  required, 
an  annual  expense  of  $240  per  mile  of  track  is 
obtained.  This  estimate  includes  the  cost  of 
painting  supporting  structures  for  the  contact 
system.  It  will  be  noted  that  this  estimated 
expense  is  in  fairly  close  agreement  with  the 
reported  expense  of  this  item  on  the  New  York, 
Westchester  &  Boston  Railroad.  For  purposes 
of  these  estimates,  this  unit  expense  of  $240  per 
track  mile  per  annum  is  regarded  as  applicable 
to  both  the  2,4Oo-volt  direct  current  and  the 
n,ooo-volt  alternating  current  systems  of  trac- 
tion, as  proposed  for  the  Chicago  terminals. 
This  amount  is  regarded  as  sufficient  to  cover 
expense  of  maintenance  of  any  supplementary 
feeders  and  connections  which  may  be  used  with 
the  2,400-volt  system,  and  also  the  expense  of  the 
maintenance  of  booster  transformers  and  con- 
nections required  for  the  1 1  ,ooo-volt  alternating 
current  system.  In  both  cases  the  amount  is 
accepted  as  the  average  to  be  applied  to  both 
main  and  yard  track. 

The  reported  expense  of  maintaining  track 
bonding  on  existing  electric  traction  systems 
elsewhere  is  shown,  for  different  roads,  by  table 
CCCXCII. 

TABLE  CCCXCII.    ANNUAL  EXPENSE  OF  MAINTAINING  TRACK 
BONDING  ON  THIRD  RAIL  CONTACT  SYSTEM.  AS  RE- 
PORTED BY  RAILROADS  OPERATING  ELECTRIC 
TRACTION  SYSTEMS 


Railroad 

. 
•I'-, 
prr  Annum 

Lone  Island  Railroad 

(81   '" 

New  York 

•      • 

Went  Jersey  A  Seashore 

Railroad  

-        • 

It  will  be  noted  that  the  reported  expense  of 
maintaining  track  bonding  on  the  Long  Island 
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Railroad  is  higher  than  that  reported  for  either 
of  the  other  two  roads  mentioned.  This  is  the 
result  partly  of  track  conditions  and  partly  of  the 
presence  in  the  track  of  many  bonds  of  old  types, 
the  maintenance  expense  of  which  is  high.  The 
expense  reported  for  the  maintenance  of  track 
bonding  on  the  Pennsylvania  Terminal  repre- 
sents the  average  for  a  three-year  period.  It  is 
significant,  however,  that  the  expense  during  the 
last  year  of  this  period  is  approximately  double 
the  average  of  the  first  two  years. 

Based  upon  a  study  of  these  reported  expenses 
of  the  maintenance  of  track  bonding  on  electric 
traction  systems  elsewhere,  it  has  been  estimated 
that  the  average  annual  expense  of  maintaining 
track  bonding  on  the  Chicago  terminals  will  be 
$40.00  per  track  mile  for  the  alternating  current 
system  and  $45.00  per  track  mile  for  either  of 
the  direct  current  systems,  the  difference  being 
due  to  a  difference  in  the  cost  of  bonds. 

By  applying  the  estimated  unit  expenses,  de- 
termined as  set  forth  in  the  preceding  para- 
graphs, to  the  establishment  involved  in  the 
proposed  electrification  of  Chicago's  railroad  ter- 
minals, values  are  obtained  for  the  total  annual 
expense  of  electric  power  transmission  for  both 
the  2,4oo-volt  direct  current  and  the  11,000- volt 
alternating  current  systems  of  traction  as  shown 
by  table  CCCXCIII. 


The  estimated  unit  expense  of  electric  power 
transmission  under  the  6oo-volt  direct  current 
third  rail  system  of  traction  has  been  applied  to 
the  proposed  electric  installation  on  the  Chicago 
&  North  Western  Railway  with  results  which  are 
presented  in  table  CCCXCV. 

TABLE  CCCXCV.     ESTIMATED  TOTAL  ANNUAL  EXPENSE  OP 

ELECTRIC  POWER  TRANSMISSION.  CHICAGO  ft 

NORTH  WESTERN  RAILWAY 

(Bui*  of  ieia) 

900- Volt  D.  C. 


!••  • 

MilM 

Innual 
Ezpenw 
per   Mil* 

Total 
Annual 
Kxpenoe 

1 

High  tension  tranamiasion 
Contact  intern: 
Main  track 

2 
444.00 

'.,    ,       1C. 

» 
»  40.00 
230  00 

4 
$17,780 

HI    -.'Hi 

All  other  track 

308.64 

340  00 

01.304 

Track  boodinc  .  .  . 

m  mi 

45.00 

23,040 

Total 

1193.600 

The  results  presented  for  the  Chicago  &  North 
Western  Railway  have  been  extended  to  cover 
the  proposed  6oo-volt  direct  current  third  rail 
installation  for  all  roads  in  a  manner  which  has 
already  been  described  (section  301.04). 

Account  No.  16 — Maintenance  of  Buildings, 
Fixtures  and  Grounds:*  The  installation  of  any 
of  the  proposed  systems  of  electric  traction 
will  involve  the  construction  of  many  new  build- 
ings, such  as  houses  for  electric  locomotives  and 
motor  cars,  repair  shops,  locomotive  roundhouses, 
water  tanks,  cinder-pits  and  other  structures 


TABLE  CCCXCIII.     ESTIMATED  TOTAL  EXPENSE  OP  ELECTRIC  POWER  TRANSMISSION  —  ALL  ROADS 

(Basis  of  ion) 


Item 

2.400-\,.|t  I)    C 

11.0(10-  Volt  A.  C- 

Mile. 

£5± 

per  Mile 

Total 
Annual 
Expense 

MilM 

Annual 
Expense 
per  Mile 

Total 
Annual 

1 

2 

3 

4 

6 

6 

7 

•78  00 

1,475.  SB 
1.903.56 
3.458  34 

f  25.00 

240.00 
240.00 
46.00 

t  16,960 

354,142 
471.252 
155.635 

950.00 

1.475.59 
1,963.65 
3.439.14 

*  25.00 

240.00 
240.00 

in   IKI 

»  23,750 

354.142 
471.252 
137.566 

2.  Contact  system: 
Main  track  

All  other  track  

3.  Track  bonding  

Total!  

1     tOnjm 

- 

$•86,710 

These    costs    are    distributed    by    services    as 
shown  in  table  CCCXCIV. 

TABLE  CCCXCIV.     ESTIMATED  TOTAL  EXPENSE  OP  ELECTRIC 

POWER   TRANSMISSION,   BY   SERVICES 

(Basis  of  ion) 


Service 

2,400-Volt 
D.  C. 

11,000-Volt 
A.  C. 

1 

3 

1 

Through  passenger  

$221  729 

$219,247 

Suburban  passenger  

174  629 

172  676 

Road  freight  

90,639 

79*726 

Yard  and  transfer  

520  992 

Totals  

(997,879 

$986,710 

which  will  be  required  for  the  accommodation 
of  both  steam  and  electric  equipment  under  the 
new  operating  conditions.  It  will  also  involve 
the  abandonment  and  removal  of  many  of  the 
present  facilities  for  the  care  of  steam  locomo- 
tives within  the  proposed  limits  of  electrification. 
Subsequent  to  electrification  the  railroads  will 
be  relieved  of  the  expense  of  maintaining  struc- 
tures and  facilities  to  be  abandoned  and  they 

*  Not  including  power  house  and  substation  buildings,  the  maintenance  of 
which  it  considered  under  Accounts  47-8  and  86.  , 
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will  assume  the  expense  of  maintaining  the  new 
facilities  to  be  provided. 

Reports   furnished   by   the  railroads,  covering 
operation  of  the  Chicago  terminals  for  the  year 
1912,  indicate  that  the  total  amount  expended 
for  maintenance  of  those  structures  and  fixtures 
which  are  to  be  abandoned  was  $333,596,  and 
that  the  value  of  such  structures  and  fixtures  at 
the  end  of  the  year  1912  was  $2,318,604.     On  the 
basis  of  these   values  the  average  expense  for 
the  maintenance  of  buildings,  fixtures  and  grounds 
during  1912  was  $97.00  per  track  mile  and  the 
total  annual  expense  for  this  item  was  about  14 
per  cent  of  the  estimated  value  of  the  structures 
involved.     Included  in  the  amount  reported  for 
maintenance  expense,  however,  were  some  charges 
which  represented  renewals  and  which  are  not 
properly    to    be    considered    as    a    maintenance 
expense.     A   careful   study  of  the   expenditures 
reported  for  1912  indicates  that  6  per  cent  of  the 
estimated  value  is  sufficient  to  cover  the  annual 
expense  of  maintaining  buildings  and  fixtures  in 
proper  repair.     On  the  basis  of  the  estimated 
value  of  $2,318,604  for  buildings  and  fixtures  in 
1912,  the  estimated  annual  maintenance  expense 
would  be  $139,116,  or  $40.45  per  track  mile. 

It  is  estimated  that  the  total  value  of  all  new 
structures  and  fixtures,  exclusive  of  land,  tracks 
and  track  fixtures  incident  to  the  electric  installa- 
tion, will  be  $10,710,381.*  Upon  the  basis  of  an 
estimated  annual  maintenance  expense  of  6  per 
cent  for  buildings,  fixtures  and  grounds,  the 
total  expense  for  such  maintenance  after  elec- 
trification will  be  $642,623.  The  estimated  to- 
tal expenditures  under  this  account,  apportioned 
to  the  four  classes  of  service  on  a  locomotive- 
mileage  basis  for  steam  operation,  for  2,4oo-volt 
direct  current  operation  and  for  n,ooo-volt  al- 
ternating current  operation,  are  shown  by  table 
CCCXCVI. 

The  estimated  expense  for  maintenance  of 
buildings,  fixtures  and  grounds  on  the  Chicago 
&  North  Western  Railway  for  steam  operation 
in  1912  amounted  to  $22,056  on  a  present  value 
of  $367,600  for  buildings,  fixtures  and  grounds  to 
be  abandoned.  Electric  operation  with  the  600- 
volt  direct  current  system  under  conditions  ex- 
isting in  1912  will  involve  new  facilities,  subject 

'This  item  don  not  include  power  house  and  substation  buildings. 
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to  maintenance  under  this  account,  to  the  value 
of  $2,145,325.  The  annual  expense  under  this 
account,  subsequent  to  electrification,  will,  there- 
fore, amount  to  $128,720.  These  results  have 
been  extended  to  cover  the  proposed  third  rail 
installation  on  all  roads  in  the  manner  herein- 
before described  (section  301.04). 

TABLE  CCCXCVI.     ESTIMATED  TOTAL  ANNUAL  EXPENW 

UNDER  ACCOUNT  No.   16  — MAINTENANCE  OP 

BUILDINGS.  FIXTURES  AND  GROUNDS. 

STEAM  AND  ELECTRIC  OPERATION 
(Basis  of  jou) 


Service 

Htearn 
1B12 

2,WO-Volt 

li  ( 

11  .000-  Volt 

x    ' 

1 

a 

3 

4 

Through  passenger 

t  30012 

Suburban  passenger  

24  331 

Road  freight  

11  240 

Yard  and  transfer  
Totals 

72,633 

338.013 

33S.:,n 

$139,116 

• 

KMZ.B23 

Wharves:    The 


Account  No.  17  —  Docks  and 
installation  and  operation  of  any  of  the  electric 
traction  systems  proposed  by  the  Committee 
will  involve  no  change  in  the  expenditures  charge- 
able to  this  account. 

Account  No.  1  8—  Roadway  Tools  and  Supplies: 
Included  under  this  account  are  the  expenses  of 
providing  tools  and  supplies  for  roadway  and 
track,  such  as  axes,  bars,  chains,  track  chisels, 
hammers,  lanterns,  rail  benders,  rail  tongs,  shov- 
els, tool-boxes,  wheelbarrows,  fuel  for  portable 
forges,  gasoline  for  motor  cars,  torpedoes  used 
by  track  walkers,  and  numerous  other  items.  The 
installation  and  operation  of  any  of  the  proposed 
electric  traction  systems  will  involve  a  slight 
increase  in  the  expenditures  under  this  primary 
account,  due  to  the  necessity  of  providing  certain 
special  tools  for  the  maintenance  of  electric 
traction  systems  which  are  not  needed  for  the 
maintenance  of  steam  traction  systems.  The 
amount  of  this  increase  is,  for  the  purpose  of 
these  estimates,  regarded  as  indeterminate. 

Account  No.  IQ—  Injuries  to  Persons:  The 
expenditures  chargeable  to  this  account  include 
those  resulting  from  injuries  to  persons  which 
occur  directly  in  connection  with  maintenance 
of  way  and  structures,  injuries  occurring  in 
connection  with  the  operation  of  work  trains  in 
such  service,  and  injuries  caused  by  defective 
highways  within  the  right-of-way.  The  proposed 
change  from  steam  to  electric  operation  will  in- 
volve no  measurable  or  determinate  change  in  the 
expenditures  under  this  account.  The  general 
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subject  of  injuries  to  persons  is  considered  else- 
where in  this  report  (chapter  303). 

Account  No.  20 — Stationery  and  Printing: 
The  installation  and  operation  of  any  of  the 
proposed  electric  traction  systems  will  involve 
no  change  in  the  expenditures  chargeable  to  this 
account. 

Account  No.  21 — Other  Expenses:  The  instal- 
lation and  operation  of  any  of  the  proposed  elec- 
tric traction  systems  will  involve  no  change  in  the 
expenditures  chargeable  to  this  account. 

Account  No.  22 — Maintenance  of  Joint  Tracks, 
Yards  and  Other  Facilities,  Dr.:  The  installation 
and  operation  of  any  of  the  proposed  electric 
traction  systems  will  involve  no  change  in  the 
charges  to  this  account. 

Account  No.  23 — Maintenance  oj  Joint  Tracks, 
Yards  and  Other  Facilities,  Cr. :  The  installation 
and  operation  of  any  of  the  electric  traction 
systems  proposed  will  involve  no  change  in  the 
charges  to  this  account. 

2.  Maintenance  of  Equipment 
Account  No.  24 — Superintendence:  Included 
under  this  account  are  the  expenses  involved 
in  the  pay  of  officers,  clerks  and  other  employes 
in  charge  of,  or  engaged  in,  the  maintenance  of 
equipment,  and  the  office  expenses  and  other  ex- 
penses of  such  officers  and  employes.  The  instal- 
lation and  operation  of  any  of  the  proposed  sys- 
tems of  electric  traction  will  involve  no  change 
in  the  expenditures  chargeable  to  this  account. 
The  expense  of  new  officers  and  employes,  if  any, 
who  will  be  required  after  electrification  will,  it 
is  estimated,  be  offset  by  the  saving  which  may 
be  gained  by  the  elimination  of  certain  officers 
and  employes  who  will  not  be  required  after 
electrification. 

Account  No.  25 — Steam  Locomotives,  Repairs. 
Account  No.  28 — Electric  Locomotives,  Repairs: 
The  proposed  change  from  steam  to  electric 
operation  will  involve  the  elimination  of  steam 
locomotives  from  the  trackage  within  certain 
denned  limits  (chapter  209)  and  the  substitution 
therefor  of  electric  locomotives.  The  present  ex- 
pense of  repairs  and  maintenance  of  steam  loco- 
motives within  these  limits  will  be  eliminated 
and  that  of  repairing  and  maintaining  electric 


locomotives  will  be  introduced.     It  is  estin 
that    the   expenses   chargeable    to   this   account 
under  electric  operation  will  be  less  than  those 
chargeable  to  it  under  steam  operation. 

The  cost  per  locomotive-mile  of  repairs  to  steam 
locomotives  was  determined  from  reports  fur- 
nished by  the  railroads  operating  in  the  Com- 
mittee's Area  of  Investigation,  the  average  for  a 
period  of  five  years,  1908  to  1912,  inclusive,  for 
each  of  the  25  roads  reporting,  being  used  in 
these  determinations.  The  reports  were  compiled 
to  set  forth  the  cost  per  locomotive-mile  of  steam 
locomotive  repairs  for  each  year  of  this  period 
and  for  each  of  the  services  recognized.  The 
records  of  some  of  the  roads  did  not  permit  a 
segregation  of  expenses  to  each  of  the  different 
services,  but  such  roads  were  able  to  supply  fig- 
ures for  through  passenger,  road  freight  and 
yard  services,  there  being  no  separate  figures 
for  suburban  passenger  service.  In  instances 
where  only  one  rate  per  locomotive-mile  was 
given  for  passenger  locomotives,  that  rate  was 
applied  to  both  through  and  suburban  passenger 
locomotives.  The  total  annual  expenditure  for 
each  road  under  this  primary  account  was  deter- 
mined by  applying  the  average  expense  per 
locomotive-mile,  as  given  by  each  road,  to  the 
number  of  locomotive-miles  made  in  each  service. 
The  average  expenditure  per  locomotive-mile  for 
the  five-year  period  for  the  25  roads  which  re- 
ported, was  applied  to  the  locomotive-mileage 
performed  in  1912  by  all  roads  within  the  pro- 
posed limits  of  electrification,  and  the  estimated 
total  expense  for  repairs  to  steam  locomotives 
on  this  basis  was  shown  to  be  $1,746,395. 

Information  relating  to  the  expense  of  repairing 
and  maintaining  electric  locomotives  is,  at  this 
time,  not  of  a  very  satisfactory  character.  The 
number  of  electric  locomotive*  in  use  and  the 
length  of  the  service  up  to  the  present  time 
have  been  limited.  In  many  cases  the  cost  of 
correcting  defective  designs  or  of  making  funda- 
mental changes  in  the  mechanism  has  been 
included  in  the  expense  of  repairs  and  main- 
tenance. The  only  accessible  figures  possessing 
any  degree  of  accuracy  or  completeness  are  those 
which  relate  to  direct  current  locomotives ;  figures 
for  repairs  to  single-phase  alternating  current 
locomotives  are  entirely  lacking. 

Based  upon  all  available  information,  however, 
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the  Committee's  consulting  electrical  engineers 
have  made  a  careful  study  of  the  question  of 
expense  of  repairs  to  electric  locomotives,  and 
for  the  purpose  of  these  estimates  unit  figures 
have  been  fixed  as  follows: 

I'l.K    LOCO- 
MOTIVK-MILK 

For  2,4OO-volt   d.   c.   or   n.ooo-volt    a.   c.   passenger 

locomotives $0.055 

For  600- volt  d.  c.  passenger  locomotives      ....  0.050 
For  2,4oo-volt  d.    c.  or  n,ooo-volt  a.  c.  freight  loco- 
motives         0.055 

For  6oo-volt  d.  c.  freight  locomotives 0.050 

For  2,4OO-volt  d.  c.  or  11,000- volt  a.  c.  yard  and  trans- 
fer locomotives o .  050 

For  600- volt  d.  c.  yard  and  transfer  locomotives          .  0.050 

The  application  of  these  units  of  expense  to 
the  locomotive-mileage  performed  in  1912  on  the 
trackage  to  be  electrified  yields  results  as  shown 
by  table  CCCXCVII. 


For  the  purposes  of  these  estimates,  no  considera- 
tion has  been  given  to  the  expenditures  chargeable 
to  these  accoun 

Account  No.  27 — Steam  Locomotives,  Deprecia- 
tion. Account  No.  jo — Electric  Locomotives,  De- 
preciation: The  subject  of  depreciation  has  not 
been  considered  in  these  estimates.  The  effect  of 
electrification  upon  charges  to  depreciation  ac- 
counts is  elsewhere  considered  (chapter  401). 

Account  No.  31- A  —  Multiple-Unit  Trailer  Cars, 
Repairs.  Account  No.  31-8 — Multiple-Unit  Mo- 
tor Cars,  Repairs.  Account  No.  37  —  Electric 
Equipment  of  Multiple-Unit  Motor  Cars,  Repairs: 
The  proposed  change  from  steam  to  electric  opera- 
tion will  involve  the  substitution,  in  practically 
all  of  the  suburban  passenger  service  within  the 
proposed  limits  of  electrification,  of  multiple-unit 


TABLE  CCCXCVII.     ESTIMATED  EXPENSE  OF  REPAIRS  AND  MAINTENANCE  OF  STEAM  AND  OP  ELECTRIC 

LOCOMOTIVES  —  ALL   ROADS 
(Basis  of  IQII) 


Service 

Stwun 

2.400-  Volt  D.  C.  and  11,000-  Volt  A.  C. 

Loco.- 
Miles 
per  Annum 

Average 
per  Loco- 
motive-Mile 

Total 
per 
Annum 

Loco.- 
ItUai 

per  Annum 

Avenge 
per  Loco- 
motive-Mile 

Total 

.  PCT 
Annum 

1 

a 

3 

4 

6 

e 

7 

6,387.036 
4,239,110 
1,950,686 
12,655.645 

24.241,475 

$0.06525 
0.08899 
0.08170 
0.06776 

SO.  07204 

t  361,604 
377,238 

160,106 
857.547 

*  1.746,395 

5,387.035 
None 
1,959.685 
12,655,645 

20,002.365 

$n  Qsggi 

S  296.287 

Road  freight  
Yard,  includinK  transfer  

0.06500 
0.05000 

SO.  06184 

107.781 
632.782 

Sl.036.852 

The  estimated  expense  of  locomotive  repairs 
and  maintenance  on  the  Chicago  &  North  Western 
Railway  for  steam  operation  and  for  6oo-volt 
direct  current  third  rail  operation  is  shown  by 
table  CCCXCVIII. 


trains  for  trains  now  hauled  by  locomotives. 
These  multiple-unit  trains  will  consist  of  motor 
and  trailer  cars,  the  motor  cars  being  equipped 
with  motors  and  driving  mechanism  for  the 
propulsion  of  the  trains.  In  the  analysis  of  the 


TABLE  CCCXCVIII.     ESTIMATED  EXPENSE  OF  REPAIRS  AND  MAINTENANCE  OP  STEAM  AND  OF  ELECTRIC  LOCOMOTIVES 

ON  THE  CHICAGO  &  NORTH  WESTERN  RAILWAY 
(Basis  of  1911) 


Steam 

800-Vol 

t  Direct  Cum 

at 

Service 

Loco.- 
Miles 
per  Annum 

Average 
Mile 

Total 

.P" 
Annum 

Loco.- 
Miles 
per  Annum 

Average 
per 
Mile 

Total 
per 
Annum 

1 

2 

3 

4 

6 

'. 

7 

All  Mnricm  

4.481,809 

SO  06886 

S308.615 

3,203.439 

•0.06000 

$163.172 

It  will  be  noted  that  no  estimates  are  here 
presented,  to  cover  the  expense  of  maintaining 
and  repairing  electric  motive  power  equipment 
for  suburban  passenger  service.  This  service 
will  be  performed  by  multiple-unit  trains,  the 
expense  of  repairs  to  which  is  considered  in  the 
analysis  of  Account  No.  31. 

Account  No.  26 — Steam  Locomotives,  Renewals. 
Account  No.  29 — Electric  Locomotives,  Renewals: 


three  accounts  under  consideration,  attention  is 
to  be  given  to  the  expense  of  maintaining  the 
cars  used  in  suburban  passenger  service  both 
under  steam  operation  and  under  the  proposed 
electric  operation.  The  expense  of  repairs  to 
steam  locomotives  now  used  in  this  service  is  con- 
sidered in  the  analysis  of  Accounts  Nos.  25  and  28. 
The  expense  of  repairs  to  passenger  coaches 
now  used  in  suburban  service  was  determined 
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from  reports  furnished  by  the  railroads.  These 
reports,  in  most  cases,  cover  the  expenditures  un- 
der this  account  for  a  period  of  five  years,  1908 
to  1912,  inclusive.  In  some  instances  the  records 
of  the  railroads  did  not  permit  a  segregation  of 
the  expense  of  repairs  to  suburban  passenger 
coaches  and  of  that  of  repairs  to  all  other  passenger 
coaches.  In  such  instances,  the  unit  determined 
for  all  passenger  cars  on  the  road  in  question  was 
accepted  as  the  basis  of  these  estimates.  The 
average  unit  expense  of  repairs  to  suburban  cars, 
as  indicated  by  the  reports  of  the  railroads,  was 
1.107  cents  per  car-mile.  This  unit  has  been 
applied  to  the  total  suburban  passenger  car- 
mileage  performed  by  all  railroads  within  the  pro- 
posed limits  of  electrification  during  the  year 
1912  to  obtain  the  total  expense  of  repairs  to  sub- 
urban passenger  cars  under  steam  operation. 

Under  electric  operation,  according,  to  the 
plan  of  the  Committee,  all  cars  for  the  multiple- 
unit  trains  will  be  of  modern  steel  construction. 
These  will  replace  the  existing  wooden  cars,  which 
are  of  various  designs  and  many  of  which  are  not 
in  first-class  condition.  For  purposes  of  these 
estimates  it  is  assumed  that  the  expense  of  main- 
taining steel  trailer  cars  to  be  used  in  multiple- 
unit  passenger  service  will  be  the  same  as  the  pres- 
ent cost  of  maintaining  passenger  cars  now  used 
in  suburban  service,  or  1.107  cents  per  car-mile. 

The  multiple-unit  motor  cars,  while  of  the 
same  general  design  as  the  multiple-unit  trailer 
cars,  will  be  equipped  with  heavier  trucks,  with 
more  complicated  brake  equipment  and  with 
more  elaborate  electric  apparatus.  Because  of 
these  factors  the  expense  of  maintaining  motor 
cars  will  be  greater  than  that  of  maintaining 
trailer  cars.  The  estimated  net  effect  of  these 
factors  upon  the  expense  of  repairs  is  considered 
in  the  following  paragraphs. 

Some  of  the  trucks  of  motor  cars  are  equipped 
with  motors  and  driving  mechanism.  These 
are  heavier  than  the  trailing  trucks  and  are 
equipped  with  larger  wheels  and  larger  bearings. 
The  motor  trucks,  in  service,  are  subjected  to 
greater  stresses  than  the  trailing  trucks,  owing  to 
the  presence  of  the  motors  and  driving  mechan- 
ism. It  is  evident,  therefore,  that  the  expense  of 
maintaining  motor  trucks,  will  be  greater  than 
that  of  maintaining  trailing  trucks.  It  has  not 
been  possible,  however,  to  obtain  definite  informa- 


tion with  reference  to  the  extent  of  this  difference 
except  in  so  far  as  the  wear  of  brake  shoes  is 
concerned.  For  the  purposes  of  these  estimates 
it  is  assumed  that  the  expense  of  maintaining  the 
motor  trucks  will  bear  the  same  ratio  to  the 
expense  of  maintaining  the  trailer  trucks  as  the 
first  cost  of  the  motor  truck  bears  to  the  first 
cost  of  the  trailer  truck.  Since  there  are  no 
essential  differences  in  the  car  bodies  of  motor 
cars  and  trailer  cars,  the  extra  expense  of  re- 
pairs to  motor  trucks  will  be  indicated  by  the 
ratio  between  the  first  cost  of  motor  car  bodies 
and  trucks  and  that  of  trailer  car  bodies  and 
trucks.  The  difference  in  first  cost  of  motor 
and  trailer  car  bodies  and  trucks  is  about  4,  5 
and  6  per  cent,  respectively,  for  the  6oo-volt 
direct  current,  the  n,ooo-volt  alternating  current 
and  the  2,40o-volt  direct  current  systems.  The 
application  of  these  percentage  increases  to  the 
expense  of  repairs  to  trailer  cars  gives  unit  in- 
creases in  the  expense  of  repairs  to  motor  cars 
due  to  the  differences  in  trucks  as  follows: 

CENTS  PER 
CAR-MILE 

For  the  6oo-volt  direct  current  system,  4  per  cent  of 

1. 107  or 0.044 

For  the  1 1,000- volt  alternating  current  system,  5  per  cent 
of  1. 107  or 0.055 

For  the  2,4OO-volt  direct  current  system,  6  per  cent  of 

1. 107  or 0.066 

Multiple-unit  motor  cars  are  equipped  with  an 
air  compressor  and  governor,  an  engineer's  valve, 
feed  valves,  piping  and  other  equipment  not 
required  on  trailer  cars.  This  additional  brake 
mechanism  involves  an  increase  in  the  expense 
of  maintaining  motor  cars  as  compared  with  that 
of  maintaining  trailer  cars.  It  is  reported  that 
the  expense  on  the  Interborough  Subway,  New 
York  City,  of  maintaining  air  brakes  on  motor 
cars  is  205  per  cent  greater  than  that  of  main- 
taining brakes  on  trailer  cars.  An  analysis  of 
the  results  of  operation  on  the  Interborough 
Subway  and  on  the  Long  Island  Railroad  indi- 
cates that  the  extra  expense  of  maintaining  the 
brake  mechanism  of  motor  cars,  as  compared 
with  that  of  maintaining  the  brake  mechanism  of 
trailer  cars,  is  as  follows: 

CENTS  PER 
CAR-MILE 

For  brake  shoes o .  043 

For  air  brakes  and  compressor 0.117 


Total   .  0.160 
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The  expense  of  maintaining  motor  car  electric 
apparatus  for  the  low  voltage  direct  current 
system  of  operation,  as  shown  by  an  analysis  of 
expenses  reported  for  the  Long  Island  Railroad, 
the  West  Jersey  &  Seashore  Railroad  and  the 
Interborough  Subway,  has  been  made  the  basis 
of  the  estimates  of  such  expense  for  the  proposed 
electric  operation  in  Chicago.  The  expense  of 
maintenance  and  inspection  of  electric  apparatus 
of  motor  cars  on  these  roads  is  as  follows: 

CENTS  PER 
CAR-MILE 

Long  Island  Railroad 0.600 

West  Jersey  &  Seashore  Railroad o .  830 

Interborough  Subway,  New  York 0.486 

It  is  reported  that  this  item  of  expense  on 
the  New  York,  Westchester  &  Boston  Railroad, 
which  operates  a  single-phase  alternating  current 
system,  amounts  to  0.72  cent  per  car-mile. 

It  is  probable  that  the  expense  of  this  item,  as 
reported  for  the  Interborough  Subway,  is  lower 
than  could  be  obtained  under  conditions  which 
exist  in  surface  operation.  The  subway  system 
is  a  very  compact  one.  The  car -mileage  per 
unit  of  equipment  is  very  high  and  the  unit 
expense  of  maintenance  and  inspection  is  corre- 
spondingly low.  The  expense  of  this  item  as  re- 
ported for  the  West  Jersey  &  Seashore  Railroad 
is  believed  to  be  high  for  average  conditions. 
The  West  Jersey  &  Seashore  Railroad  operates 
through  a  territory  possessing  a  sandy  soil  which 
has  the  effect  of  causing  excessive  wear  on  motor 
axle  bearings.  With  consideration  to  these  and 
other  factors  which  have  influenced  the  expense 
of  this  item  as  reported  for  existing  systems,  the 
estimated  expense  of  maintaining  electric  appa- 
ratus of  multiple-unit  motor  cars,  under  the  pro- 
posed 6oo-volt  direct  current  electric  operation 
of  the  Chicago  terminals,  has  been  fixed  at  0.7 
cent  per  car-mile. 

Information  relating  to  the  expense  of  main- 
taining electric  apparatus  of  motor  cars  used  on 
the  single-phase  alternating  current  system  or 
on  the  2, 400- volt  direct  current  system  te  very 
limited.  The  expense  as  reported  for  the  New 
York,  Westchester  &  Boston  Railroad's  single- 
phase  operation  is  0.72  cent  per  car-mile,  or  20 
per  cent  more  than  that  reported  for  the  Long 
Island  Railroad's  6oo-volt  direct  current  opera- 
tion. A  careful  analysis  has  been  made  of  the 
available  figures  and,  for  the  purposes  of  these 


estimates,  a  difference  of  20  per  cent  has  been 
accepted.  On  this  basis  the  cost  of  maintaining 
electric  equipment  for  single-phase  alternating  cur- 
rent multiple-unit  cars  is  0.84  cent  per  car-mile. 

The  2, 400- volt  direct  current  system  of  opera- 
tion requires  the  use  of  cars  equipped  with  four 
motors  instead  of  two.  This  factor  presents 
greater  complication  in  the  control  mechanism 
and  greater  difficulty  in  maintaining  the  insula- 
tion. There  appears  to  be  no  question  that  the 
expense  of  maintenance  of  electric  equipment 
for  2,400-volt  direct  current  motor  cars  will  be 
greater  than  that  of  maintaining  electric  equip- 
ment for  alternating  current  motor  cars;  but  in 
view  of  the  fact  that  there  are  no  data  available 
from  actual  experience,  the  estimated  mainte- 
nance expense  of  o .  84  cent  per  car-mile  as  deter- 
mined for  the  single-phase  motor  car  has  been 
accepted  as  applicable  to  the  2, 400- volt  direct 
current  motor  car. 

In  this  analysis  no  consideration  has  been  given 
to  the  possible  difference  in  the  cost  of  maintain- 
ing electric  heating  and  lighting  apparatus,  as 
compared  with  the  cost  of  maintaining  the  present 
steam  heating  and  gas  lighting  apparatus. 

A  summary  of  these  estimated  increases  in  the 
expense  of  repairs  per  motor  car-mile  for  mechan- 
ical and  electrical  parts,  in  addition  to  the  expense 
per  car-mile  for  repairs  to  car  body  and  ordinary 
running  gear,  is  presented  in  table  CCCXCIX. 

TABLE    CCCXCIX.      ESTIMATED     INCREASE    IN     EXPENSE    OP 

REPAIRS  TO  MOTOR  AND  TRAILER  CARS  (EXCLUSIVE 

OP  REPAIRS  TO  CAR   BODY  AND  ORDINARY 

RUNNING  GEAR) 


Cen 

t.i  perCar-J 

lib 

Mechanical 

Electrical 

Total 

1 

2 

a 

4 

0.204 

,,  7,. 

0.904 

o  nt 

.,    M  > 

:  086 

0.215 

0.840 

LOSS 

The  addition  of  these  unit  increases  to  the  esti- 
mated expense  per  car-mile  for  repairs  to  body 
and  ordinary  running  gear  yields  results  as  shown 
by  table  CD. 

The  number  of  car-miles  performed  in  subur- 
ban passenger  service  in  the  Chicago  terminals  dur- 
ing the  year  1912  and  the  estimated  number  of 
multiple-unit  motor  and  trailer  car-miles  required 
for  the  electric  operation  of  a  service  identical 
in  volume  and  quality,  over  the  same  trackage, 
are  shown  in  the  following: 
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CAR-MILES 

Suburban  passenger  service,  steam  operation  .  .  18,727,420 
Multiple-unit  trailer  car-miles,  electric  operation  .  6,056,080 
Multiple-unit  motor  car-miles,  electric  operation  .  1 2,67 1 ,340 

TABLE   CD.     ESTIMATED   TOTAL  EXPENSE   PER    MOTOR   CAR- 
MILE   FOR   REPAIRS   TO   MOTOR   CARS 


System 

Expense  per 
CM  Iffli  ta 

Body  and  Ordi- 
nary Running 
Gear.  Cent* 

Kxcm  Expense 
per  Motor  Car- 
Mile  (or 
Mechanical 
and  Electrical 
Part*.  Centa 

Total  Expense 
per  Motor  Car- 
Mile  for 
Repair*  to 
Motor  Can. 

1 

a 

» 

4 

600-volt,  D.  C  .  . 

1.107 

.904 

2  Oil 

2.400-vnlt,  D.  C  

1.107 

1  066 

2.173 

11.000-volt.  A    C 

1    107 

1  OM 

2.103 

The  application,  to  the  mileage  performed  in 
the  year  1912,  of  the  unit  expenses  of  maintain- 
ing cars  in  the  present  steam  suburban  passenger 
service  and  in  the  proposed  multiple-unit  passen- 
ger service,  yields  results  as  shown  by  table  GDI. 

TABLE  CDI.     ESTIMATED   TOTAL  EXPENSE   OF    MAINTAINING 

STEAM  PASSENGER  CARS  AND  MULTIPLE-UNIT 

MOTOR  AND  TRAILER  CARS 

(Basis  of  1911) 


Item 

Onto  per 
Car-Mile 

Steam 
1012 

2.400-Volt 

1)    C 

11,000-Volt 
A.  C. 

1 

a 

a 

4 

5 

i   i«; 

*.'"7   •:  1 

t  07,041 

t  07.041 

2  173 

275.348 

2.102 

273,954 

Totals  

1307,31  1 

I.M2.388 

8340.99S 

The  estimated  expense  of  multiple-unit  motor 
and  trailer  car  repairs  and  maintenance  on  the 
Chicago  &  North  Western  Railway  for  steam 
and  for  6oo-volt  operation,  based  upon  the  units 
previously  set  forth  and  the  service  requirements 
of  the  year  1912,  is  shown  by  table  CDI  I. 

TABLE  CDII.     ESTIMATED  TOTAL   EXPENSE  OF  MAINTAINING 

STEAM  PASSENGER  CARS  AND  MULTIPLE-UNIT 

MOTOR  AND  TRAILER  CARS.  CHICAGO 

&  NORTH  WESTERN  RAILWAY 

(Basis  of  1913) 


Item 

Cents  pnr 
Car-Mile 

Steam 
1912 

600-Volt 

1 

2 

3 

4 

1  107 

$64  418 

8  16.106 

Motor  care  

2.011 

-7  m 

Totals  

864,418 

*!•..:  873 

Account  No.  33 — Passenger  Train  Cars,  De- 
preciation. Account  No.  39 — Electric  Equipment 
of  Cars,  Depreciation:  The  proposed  change  from 
steam  to  electric  operation  will  involve  no  changes 
in  the  charges  due  to  depreciation  of  car  bodies. 
There  will,  however,  be  an  added  depreciation  due 
to  the  heavier  trucks  and  the  more  complicated 
apparatus  of  motor  cars.  The  effect  of  these  fac- 
tors upon  depreciation  charges  under  these  two 


accounts  is  considered  elsewhere  in  this  report 
(chapter  401). 

Account  No.  40 — Floating  Equipment,  Repairs: 
The  proposed  change  from  steam  to  electric  opera- 
tion will  involve  no  change  in  the  expenditures 
chargeable  to  this  account. 

Account  No.  41 — Floating  Equipment,  Renewals: 
The  proposed  change  from  steam  to  electric  opera- 
tion will  involve  no  change  in  the  expenditures 
chargeable  to  this  account. 

Account  No.  42 — Floating  Equipment,  Depreci- 
ation: The  proposed  change  from  steam  to  elec- 
tric operation  will  involve  no  change  in  the  charges 
to  this  account. 

Account  No.  43 — Work  Equipment,  Repairs: 
The  proposed  change  from  steam  to  electric  opera- 
tion will  necessitate  the  acquisition  of  certain  ad- 
ditional work  and  inspection  equipment  (section 
213.066).  The  expense  of  maintenance  of  this 
equipment  has  not  been  determined,  the  amount 
being  obviously  small. 

Account  No.  44 — Work  Equipment,  Renewals: 
As  in  the  case  of  Account  No.  43,  no  estimate 
has  been  made  of  the  effect  of  the  change  from 
steam  to  electric  operation  upon  the  expenditures 
chargeable  to  this  account.  The  additional  ex- 
pense under  electric  operation  will  be  slight,  and, 
for  the  purposes  of  these  estimates,  it  is  regarded 
as  negligible. 

Account  No.  45 — Work  Equipment,  Deprecia- 
tion: No  determinations  have  been  made,  in  con- 
nection with  these  analyses  of  operating  expense 
accounts,  of  the  effect  of  the  proposed  change  from 
steam  to  electric  operation  upon  the  amounts 
chargeable  to  depreciation.  The  subject  of  depre- 
ciation is  elsewhere  considered  (chapter  401). 

Account  No.  46  —  Shop  Machinery  and  Tools: 
The  proposed  change  from  steam  to  electric  op- 
eration will  necessitate  the  acquisition  of  certain 
machinery  and  tools  required  for  the  care  of  elec- 
tric equipment.  Under  electric  operation,  also, 
some  of  the  equipment  now  needed  for  the  main- 
tenance of  steam  equipment  may  be  disposed  of 
or  transferred  to  new  locations.  The  net  effect 
of  the  proposed  change  upon  the  expenditures 
chargeable  to  shop  machinery  and  tools  is  re- 
garded as  negligible  and  no  definite  values  have 
been  determined. 
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Account  No.  4?-A  and  86  —  Substations, 
Operation  and  Maintenance.  Account  No.  4?-B 
and  86  —  Power  Station,  Operation  and  Main- 
tenance: The  installation  and  operation  of  any 
of  the  proposed  systems  of  electric  traction  will, 
under  the  plan  of  the  Committee,  involve  the 
operation  and  maintenance  of  a  central  power 
station  and  of  a  number  of  substations,  as  set 
forth  in  the  Committee's  specifications  and  esti- 
mates of  installation  costs  (chapter  213).  These 
factors  will  introduce  new  items  of  operating 
expense  which  do  not  exist  under  the  present 
steam  operation.  The  Committee's  estimates  of 
the  expense  of  operation  and  maintenance  of 
power  station  and  substations  for  the  pro- 
posed electric  operation  of  the  Chicago  railroad 
terminals  are  based  upon  a  study  of  operating 
and  maintenance  expenses  of  'such  facilities  on 
roads  now  operating  electric  traction  systems 
elsewhere,  full  consideration  having  been  given 
in  each  study  to  all  influencing  differences  in 
conditions. 

Each  of  the  three  systems  of  electric  operation 
considered  in  the  estimates  will  involve  certain 
differences  in  power  station  and  substation  equip- 
ment, and  the  expense  of  maintenance  and  opera- 
tion for  each  system  must  therefore  be  studied 
separately. 

Substations  for  direct  current  operation  are 
necessarily  of  large  capacity.  Those  to  be  pro- 
vided for  the  operation  of  the  Chicago  railroad 
terminals  will  involve  operating  expenditures 
comparable  with  those  of  substations  used  for 
heavy  urban  traction  work  or  heavy  traffic  ter- 
minal sections  of  electrified  railroads  operating 
elsewhere.  The  actual  costs  of  operation  and 
maintenance  of  the  substations  of  the  Long 
Island  Railroad  in  Brooklyn  and  Queens,  of  the 
Pennsylvania  Terminal,  New  York,  of  the  New 
York  Subway,  and  of  the  Manhattan  Elevated 
Lines  have  been  obtained.  These  are  shown  by 
table  CDIII. 


TABLE  CDIIT.    EXPENSE  OF  OPERATION  AND  MAINTENANCE  OF 

SUBSTATIONS.   AS  REPORTED   BY   RAILROADS  OPERATING 

ELECTRIC   TRACTION    SYSTEMS 


Railroad 

Substation* 
Noi. 

Expense  per 
HuVwtation, 
per  Annum 

1 

2 

3 

1  to4 

t  8.640 

2  3  and  4 

T.flSO 

HI.  Ill  HI 

NPW  York  Subway  

10,100 

All  of  these  electric  traction  systems  operate 
with  low  voltage  direct  current  on  a  third  rail 
contact  system.  Three  shifts  per  day  with  two 
men  on  each  of  two  shifts  and  frequently  with 
two  men  on  all  three  shifts  are  generally  employed 
at  each  substation.  The  greater  part  of  the  total 
operating  and  maintenance  expense  consists  of 
labor.  For  this  reason  the  size  of  units  and  the 
total  kilowatt  capacity  provided  are  not  of  first 
importance  in  determining  maintenance  and  oper- 
ating expenses,  since  the  effect  of  capacity  upon 
the  cost  of  labor  is  slight  and  the  total  expense 
of  materials  for  repairs  is  comparatively  small. 
For  the  purposes  of  these  estimates  the  annual 
expense  of  operation  and  maintenance  of  sub- 
stations for  the  6oo-volt  direct  current  system 
has  been  fixed  at  $7,400  per  station. 

With  the  proposed  2, 400- volt  direct  current 
system  of  traction  each  unit  will  consist  of  two 
i,2oo-volt  machines  operated  in  series.  This 
factor  will  tend  to  increase  the  unit  expense  of 
maintenance  and  operation,  and  there  will  prob- 
ably be  an  increase  also  in  the  cost  of  repairs  due 
to  the  high  voltage  current  collection  at  the  com- 
mutator. The  average  annual  expense  of  opera- 
tion and  maintenance  will  be  dependent  to  some 
extent  upon  the  capacity  of  the  substation. 
Based  upon  a  study  of  the  expense  of  substation 
operation  and  maintenance  on  other  systems,  the 
estimated  annual  expense  per  substation  for  the 
proposed  2,4oo-volt  direct  current  operation  on 
the  Chicago  terminals  has  been  fixed  as  follows: 


CAPACITY  OF  SUBSTATION 

From  3,000  to  7,000  kw.  . 
From  8,000  to  15,000  kw.  . 
From  16,000  to  35,000  kw. 


EXPENSE   PER  SUBSTATION 
PER   ANNUM 

$  4,500 

8.00O 

10,500 


With  the  single-phase  alternating  current  sys- 
tem of  traction,  substations  are  not  equipped  with 
moving  machinery  and  no  regular  attendance  is 
required.  The  switches  are  arranged  for  remote 
control  from  the  nearest  signal  tower.  The  labor 
required  for  operation  is  therefore  reduced  to  a 
force  sufficient  for  the  periodical  general  inspec- 
tion of  each  substation  and  for  the  handling  of 
emergency  repairs  when  trouble  is  reported  by 
the  towerman  or  the  power  director.  In  addition 
to  this  labor  expense,  the  actual  cost  of  materials 
for  repairing  the  apparatus  must  be  considered. 

While  there  are  no  available  records  of  the  cost 
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of  maintenance  and  operation  of  single -phase 
substations  on  steam  railroad  electrifications, 
there  are  many  examples  of  this  type  of  substa- 
tion in  use  on  high  tension  transmission  power 
lines.  The  New  York,  New  Haven  &  Hartford 
Railroad  and  the  New  York,  Westchester  &  Bos- 
ton Railway  have  until  recently  fed  power  direct 
from  the  power  house  to  the  contact  system. 
The  estimated  cost  of  maintenance  and  opera- 
tion of  single -phase  substations  for  the  proposed 
electrification  of  Chicago's  railroad  terminals  has 
been  fixed  by  analyzing  the  conditions  to  be  met, 
and  the  figures  thus  obtained  have  been  compared 
with  the  reported  expense  of  substation  operation 
and  maintenance  on  existing  high  tension  trans- 
mission lines.  Owing  to  the  compact  arrange- 
ment of  the  Chicago  terminals,  it  will  be  possible 
to  use  the  same  general  organization  for  the  in- 
spection and  maintenance  of  substations,  trans- 
mission lines  and  contact  system.  It  will  be 
possible  to  establish  headquarters  for  overhead 
maintenance  crews  at  certain  convenient  points 
near  substations.  A  certain  amount  of  the  time 
of  each  crew  will  be  spent  in  waiting  for  emergency 
calls,  and  such  spare  time  may  be  utilized  in  the 
inspection  of  the  substation  located  at  the  crew's 
headquarters  and  probably  of  the  one  on  either 
side  of  its  headquarters.  Other  substations  may 
be  inspected  periodically  by  regular  switchboard 
maintainers.  It  is  estimated  that  the  expense 
of  repairing  the  substation  apparatus,  based  upon 
the  expense  of  similar  repair  items  in  direct 
current  substations,  will  be  $250  per  substation 
per  annum.  To  this  should  be  added  one-third 
of  the  time  of  a  switchboard  maintainer,  it  being 
assumed  that  one  man  will  be  able  to  care  for  three 
substations.  Upon  a  basis  of  $900  per  year  per 
maintainer,  the  cost  per  substation  per  year  will 
be  $300.  For  the  purpose  of  these  estimates, 
therefore,  the  total  annual  expense  of  mainte- 
nance and  inspection  of  single -phase  substations 
has  been  fixed  at  $550  per  substation. 

A  summary  of  the  estimated  annual  expense 
of  maintenance  and  operation  of  substations 
for  each  of  the  proposed  electric  traction  sys- 
tems, on  the  basis  of  conditions  obtaining  in 
the  Chicago  terminals  in  1912,  is  presented  in 
table  CDIV. 

The  total  estimated  annual  expense  of  opera- 
tion and  maintenance  of  substations  for  the  pro- 


TABLK  CDIV.  ESTIMATED  ANNUAL  EXPENSE  OP  MAINTENANCE 

AND  OPERATION  OP  SUBSTATIONS.  BY  SYSTEMS 

(Bui*  of  1911) 


8yrt.ni 

3R& 

Aural 

ISTtT 

1 

2 

* 

000-  Volt,  D.  C  

t  74OO 

2.400-Volt.  D.  C. 

i  3.000  to    7,000 
•    8000  to  IS  000 

1   '-.. 

-  .,  . 

1  1  oio-Voh.  A.  C  .\.  

1  16.000  to  33,000 

10.100 

MO 

posed    2,400-volt   direct   current   system  for   all 
roads  is  shown  by  the  following : 

3  substations  at  $4,500  each  per  annum $13,500 

3  substations  at  $8,000  each  per  annum 24,000 

5  substations  at  $10,500  each  per  annum       ....      52,500 


Total  (it  substations) 


$00,000 


Under  the  proposed  n.ooo-volt  alternating 
current  system  of  traction  for  the  electrification 
of  all  roads  involved,  31  substations  will  be 
required.  The  annual  expense  of  operation  and 
maintenance  per  substation  has  been  fixed  at 
$550,  and  the  total  for  all  roads  will,  therefore,  be 
$17,050  per  annum. 

The  estimated  annual  expense  of  operation  and 
maintenance  of  substations  by  services  is  dis- 
tributed as  shown  by  table  CDV. 

TABLE   CDV.     ESTIMATED   ANNUAL   EXPENSE   OP  OPERATION 

AND    MAINTENANCE   OP  SUBSTATIONS.  BY   SYSTEMS 

AND   BY   SERVICES  — ALL  ROADS 

(Buii  of  igta) 


fcnfat 

"8%* 

Il.tWO-V«« 
A.C. 

1 

2 

1 

Through  poMrncrr             

$14.310 

t   J.7-1. 

12,724 

2.182 

Ko*d  frri»ht 

••  i  H 

J  "J! 

Yard  »nd  tnufer 

1  ,  •.    • 

lOjOM 

Tut.i- 

•80,0"" 

I17.0SO 

The  unit  cost  of  maintaining  and  operating  the 
central  power  station  for  the  proposed  electric 
operation  of  Chicago's  railroad  terminals,  has 
been  fixed  at  0.3  cent  per  kilowatt-hour.  This 
includes  the  cost  of  labor,  materials  and  sup- 
plies for  maintenance  and  operation.  It  does 
not  include  any  overhead  expense  outside  of  the 
building  but  does  include  the  expense  of  main- 
taining the  building.  This  expense  per  kilowatt- 
hour  is  subdivided  as  follows: 

CENTS 

Operating  labor 0.0400 

Fuel  and  water 0.2194 

Lubricants  and  operating  supplies 0.0146 

Maintenance  materials  and  labor 0.0260 


Total 0.3000 
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Based  upon  the  unit  cost  of  power  per  kilowatt- 
hour  and  upon  the  power  requirements  of  1912, 
the  total  annual  expense  of  operation  and  main- 
tenance of  the  single  power  station  for  all  roads 
operating  in  the  Chicago  terminals,  for  the  2,400- 
volt  direct  current  and  the  1 1  ,ooo-volt  alternating 
current  systems,  has  been  determined  as  set  forth 
by  table  CDVI. 

TABLE   CDVI.     ESTIMATED    TOTAL  ANNUAL   EXPENSE   OF 
OPERATION   AND    MAINTENANCE   OF   POWER 
STATION  — ALL   ROADS 
(Basil  of  1912) 


System 

1 

K 

1 

•>  4(H)-Volt    D.  C 

li.<HX>-Volt.    V  C    

Requirements 
Kilowatt-houra 


Total 
Annual  Expense , 


,887 


688.609,000 

r.ii.iMis.ooo 

The  total  expense  for  operation  and  mainte- 
nance of  power  station,  by  services,  is  shown  by 
table  CDVII. 

TABLE  CDVII.     ESTIMATED    TOTAL   ANNUAL   EXPENSE   OF 

OPERATION  AND  MAINTENANCE   OF  POWER 

STATION,    BY   SERVICES  — ALL   ROADS 

(Basis  of  1912) 


Service 

2.400-Volt 
D.  C. 

11.000-Volt 
A.  C. 

1 

2 

3 

t    328  466 

t    307,717 

292  108 

247,032 

216.499 

223.443 

1  228  754 

1,160702 

Totals  

S2.06A.827 

Sl.932,894 

The  total  estimated  expense  of  operation  and 
maintenance  of  the  substations  for  the  6oo-volt 
direct  current  third  rail  operation  of  the  Chicago 
&  North  Western  Railway  is  based  upon  the  use 
of  14  substations  at  an  annual  expense  of  $7,400 
per  year  per  substation,  or  a  total  expense  of 
$103,600. 

The  total  estimated  annual  expense  of  operation 
and  maintenance  of  the  power  station  for  600- 
volt  direct  current  third  rail  operation  of  the 
Chicago  &  North  Western  Railway  is  based  upon 
an  estimated  output  of  132,968,000  kilowatt- 
hours  required  to  handle  the  traffic  of  the  year 
1912  at  0.3  cent  per  kilowatt-hour,  or  a  total 
expense  of  $398,904.  These  expenses  have  been 
employed  in  the  determination  of  the  total  ex- 
pense of  operating  all  roads  by  the  6oo-volt  di- 
rect current  system,  in  the  manner  hereinbefore 
described  (section  301.04). 

Account  No.  48 — Injuries  to  Persons:  For  the 
purposes  of  these  estimates,  it  has  been  assumed 
that  the  proposed  change  from  steam  to  electric 


operation  will  involve  no  change  in  the  charges  to 
this  account.  The  subject  of  "Injuries  to  Per- 
sons" is  more  fully  considered  elsewhere  in  this 
report  (chapter  303.) 

Account  No.  49 — Stationery  and  Printing:  The 
proposed  change  from  steam  to  electric  operation 
will  involve  no  change  in  expenditures  charge- 
able to  this  account. 

Account  No.  50 — Other  Expenses:  The  pro- 
posed change  from  steam  to  electric  operation 
will  involve  no  change  in  the  expenditures 
chargeable  to  this  account. 

Account  No.  51 — Maintaining  Joint  Equipment 
at  Terminals,  Dr.:  The  proposed  change  from 
steam  to  electric  operation  will  involve  no 
change  in  the  expenditures  chargeable  to  this 
account. 

Account  No.  52 — Maintaining  Joint  Equipment 
at  Terminals,  Cr.:  The  proposed  change  from 
steam  to  electric  operation  will  involve  no  change 
in  the  charges  to  this  account. 

j.    Traffic  Expenses 

Account  No.  5j — Superintendence.  Account  No. 
54  —  Outside  Agencies.  Account  No.  55  —  Adver- 
tising. Account  No.  56  —  Traffic  Associations. 
Account  No.  57  —  Fast  Freight  Lines.  Account 
No.  58  —  Industrial  and  Immigration  Bureaus. 
Account  No.  59— ^Stationery  and  Printing.  Account 
No.  60  —  Other  Expenses:  The  proposed  change 
from  steam  to  electric  operation  will  involve  no 
apparent  change  in  the  expenditures  chargeable 
to  these  accounts,  and  for  purposes  of  these  esti- 
mates it  has  been  assumed  that  the  charges  sub- 
sequent to  electrification  will  be  the  same  as  those 
which  now  accrue  under  steam  operation. 

4.    Transportation  Expenses 

Account  No.  61 — Superintendence:  The  pro- 
posed change  from  steam  to  electric  operation 
will  involve  no  change  in  the  expenditures  charge- 
able to  this  account. 

Account  No.  62 — Dispatching  Trains:  The  pro- 
posed change  from  steam  to  electric  operation  will 
involve  no  change  in  the  expenditures  chargeable 
to  this  account. 

Account  No.  63 — Station  Employes:  The  pro- 
posed change  from  steam  to  electric  operation  will 
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involve  no  change  in  the  expenditures  chargeable 
to  this  account. 

Account  No.  64 — Weighing  and  Car  Service 
Associations:  The  proposed  change  from  steam 
to  electric  operation  will  involve  no  change  in  the 
expenditures  chargeable  to  this  account. 

Account  No.  65 — Coal  and  Ore  Docks:  The 
proposed  change  from  steam  to  electric  operation 
will  involve  no  change  in  the  expenditures  charge- 
able to  this  account. 

Account  No.  66 — Station  Supplies  and  Ex- 
penses: The  proposed  change  from  steam  to 
electric  operation  will  involve  no  change  in  the 
expenditures  chargeable  to  this  account.  (See 
section  301.08.) 

Account  No.  67 — Yard  Masters  and  Their 
Clerks:  The  proposed  change  from  steam  to 
electric  operation  will  involve  no  change  in  the 
expenditures  chargeable  to  this  account. 

Account  No.  68 — Yard  Conductors  and  Brake- 
men:  The  proposed  change  from  steam  to  electric 
operation  will  effect  no  change  in  the  expendi- 
tures chargeable  to  this  primary  account  except 
in  the  case  of  suburban  passenger  service. 
Under  the  present  steam  operation,  the  handling 
of  suburban  passenger  trains  at  terminals  is 
generally  accomplished  by  the  use  of  a  yard  or 
switching  locomotive  which  removes  the  train 
from  the  inbound  track  and  places  it  on  the 
outbound  track.  When  the  train  is  removed 
from  the  inbound  track,  the  locomotive  which 
hauled  it  is  free  to  pass  out  to  a  crossover  through 
which  it  may  proceed  to  an  outbound  track  and 
there  couple  to  an  outbound  train  previously 
placed  in  position  by  a  switching  locomotive. 
The  switching  locomotive  used  for  this  purpose 
also  performs  other  work  in  connection  with  sub- 
urban passenger  equipment,  such  as  the  move- 
ment of  cars  to  and  from  the  coach  yard. 

With  the  use  of  electric  multiple-unit  equip- 
ment for  suburban  passenger  service,  each  train 
will  include  motor  cars  which  will  take  the 
place  of  the  steam  locomotive  now  used.  These 
motor  cars  are  capable  of  performing  most  of 
the  switching  in  connection  with  this  equipment. 

After  a  careful  study  of  physical  conditions 
and  service  requirements  at  each  of  the  railroad 
terminals  of  Chicago  in  which,  under  electrifica- 
tion, multiple-unit  service  will  be  operated,  it  is 


estimated  that  50  per  cent  of  the  present  loco- 
motive switching  service  in  connection  with  the 
handling  of  suburban  passenger  trains  will  be 
eliminated  upon  the  introduction  of  the  multi- 
ple-unit equipment. 

Reports  supplied  by  the  railroads  operating 
suburban  passenger  service  within  the  proposed 
limits  of  electrification  show  that  the  expense  of 
switching  suburban  passenger  trains  during  the 
year  1912  amounted  to  $53,636.  The  estimated 
saving  in  the  expenses  chargeable  to  this  account 
which  will  result  from  the  introduction  of  multi- 
ple-unit trains  in  suburban  passenger  service  will, 
therefore,  be  $26,818. 

For  the  Chicago  &  North  Western  Railway  the 
expense  of  switching  suburban  passenger  trains 
during  the  year  1912  amounted  to  $19,087.  The 
estimated  saving  in  expense  chargeable  to  this 
account  upon  the  introduction  of  multiple-unit 
trains  in  suburban  passenger  service  will  therefore 
06  $9-543-  This  estimate  has  been  employed  in 
the  determination  of  the  total  expense  of  operating 
all  roads  by  the  600- volt  direct  current  system,  in 
the  manner  hereinbefore  described  (section  301 .04) . 

Account  No.  69 — Yard  Switch  and  Signal  Ten- 
ders: The  proposed  change  from  steam  to  electric 
operation  will  involve  no  change  in  the  expend- 
itures chargeable  to  this  account. 

Account  No.  70 — Yard  Supplies  and  Expenses: 
The  proposed  change  from  steam  to  electric 
operation  will  involve  no  change  in  the  expend- 
itures chargeable  to  this  account.  (See  section 
301.08.) 

Account  No.  71 — Yard  Enginemen:  The  pro- 
posed change  from  steam  to  electric  operation 
will,  as  in  the  case  of  expenditures  chargeable  to 
Account  No.  68,  result  in  a  reduction  of  expenses 
incident  to  the  switching  of  suburban  passenger 
trains  at  terminals.  The  charges  to  this  account 
in  1912  for  all  roads  amounted  to  $42,539.  On 
the  basis  of  the  estimated  reduction  of  50  per 
cent,  the  charges  to  this  account  after  the  intro- 
duction of  multiple-unit  equipment  in  suburban 
passenger  service  will  be  $21,270. 

The  charges  to  this  account  for  the  Chicago 
&  North  Western  Railway  for  the  year  1912 
amounted  to  $10,009.  Charges  to  this  account 
after  the  introduction  of  multiple-unit  equipment 
in  suburban  passenger  service  will  be  $5,004. 
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This  estimate  has  been  employed  in  the  deter- 
mination of  the  total  expense  of  operating  all 
roads  by  the  6oo-volt  direct  current  system,  in 
the  manner  hereinbefore  described. 

Account  No.  72 — Engine  House  Expense,  Yard: 
The  proposed  change  from  steam  to  electric 
operation  will  involve  the  elimination  of  the 
steam  locomotive  from  the  trackage  to  be  elec- 
trified and  the  substitution  therefor  of  electric 
locomotives  and  multiple-unit  motor  cars.  Ex- 
penses chargeable  to  this  account  under  the 
present  steam  operation  within  the  proposed 
limits  of  electrification  will  be  eliminated  and  a 
part  of  these  will  be  transferred  to  the  steam  oper- 
ated divisions  outside  of  the  proposed  limits  of 
electrification  (section  301.09).  Certain  expend- 
itures chargeable  to  this  account  for  electric  yard 
locomotives  within  the  proposed  limits  of  elec- 
trification will  be  introduced. 

Reports  furnished  by  the  railroads  indicate  that 
the  -total  expenditures  chargeable  to  this  account 
during  the  year  1912  amounted  to  $633,482.  No 
segregation  of  this  expense  to  show  the  charges 
to  different  services  is  given.  The  amount  ex- 
pended for  yard  conductors,  yard  brakemen  and 
yard  enginemen  in  suburban  passenger  service, 
Accounts  Nos.  68  and  71,  amounted  to  approxi- 
mately 10  per  cent  of  the  total  expenditures 
charged  to  those  accounts.  For  the  purpose  of 
these  estimates,  therefore,  it  is  assumed  that  an 
amount  equal  to  10  per  cent  of  the  total  reported 
expenditures  chargeable  to  this  account  for  steam 
operation  is  properly  chargeable  to  suburban 
passenger  service. 

It  is  apparent  that  the  introduction  of  multiple- 
unit  equipment  in  suburban  passenger  service 
will  reduce  the  time  now  consumed  by  yard 
switching  locomotives  in  the  handling  of  suburban 
passenger  cars,  the  motor  cars  being  capable  of 
performing  most  of  the  switching  movements 
incident  to  the  operation  of  suburban  sendee. 
It  is  estimated  that  this  reduction  in  time  will 
amount  to  one-half.  It  is  therefore  assumed  that 
under  electrification  the  engine  house  expense  of 
yard  engines  chargeable  to  suburban  passenger 
service  will  be  one-twentieth  of  the  total  expense 
chargeable  to  this  account  for  all  services. 

The  introduction  of  electric  operation  will  also 
result  in  a  reduction  in  the  total  engine  house 


expense.  The  engine  house  expense  on  the  Ter- 
minal Division  of  the  Pennsylvania  Railroad  in 
New  York  is  reported  to  be  approximately  one- 
fifth  of  the  engine  house  expense  under  steam 
operation  in  1912.  The  engine  house  expense  on 
this  division  amounted  to  0.58  cent  per  locomo- 
tive-mile, while  that  on  the  New  Jersey  steam 
operated  division  of  the  same  railroad  amounted 
to  2 . 59  cents  per  locomotive-mile.  For  purposes 
of  these  estimates  it  is  assumed  that  the  engine 
house  expense  for  electric  yard  locomotives  will 
be  one-fifth  of  the  present  engine  House  expense 
for  steam  locomotives. 

The  application  of  the  percentages  indicated 
by  this  analysis  to  the  reported  engine  house 
expense  for  yard  locomotives  under  the  steam 
operation  in  1912  within  the  proposed  limits  of 
electrification  yields  results  as  shown  by  table 
CDVIII. 

TABLE   CDVIII.      ESTIMATED    ANNUAL    EXPENSE    UNDER   AC- 
COUNT No.   12  —  ENGINE  HOUSE   EXPENSE   FOR 
YARD  LOCOMOTIVES.  STEAM  AND  ELECTRIC 
OPERATION,  ALL   ROADS 
(Basil  of  1912) 


Service 

Steam 

_•  1...  \ 

D  C. 

11,000-Volt 
A   C. 

1 

2 

8 

4 

$  '.  '.    :!•> 

%    8,335 

t    8338 

570,134 

120,361 

120.381 

Total.  

<•.;:  >-_• 

$126.906 

S126.8M} 

The  engine  house  expense  for  yard  locomotives 
for  6oo-volt  direct  current  third  rail  operation  on 
the  Chicago  &  North  Western  Railway  will  bear 
the  same  ratio  to  the  corresponding  expense  of 
steam  operation  as  is  indicated  for  the  2, 400- volt 
direct  current  and  the  n,ooo-volt  alternating 
current  systems  for  all  roads.  This  ratio  for  the 
6oo-volt  direct  current  operation  has  been  applied 
to  the  expenditures  chargeable  to  this  account  on 
the  Chicago  &  North  Western  Railway  in  1912 
with  results  which  are  shown  by  table  CDIX. 

TABLE  CDIX.     ESTIMATED  ENGINE  HOUSE  EXPENSE.  CHICAGO 

ft   NORTH   WESTERN   RAILWAY 

(Basis  of  1912) 


BvriM 

MU 

,...,•.     . 
D.  C. 

1 

a 

» 

t  9,942 

*     MM 

W.41 

Totali  

•W.417 

119.883 

This  estimate  has  been  used  in  the  determina- 
tion of  the  total  expense  under  this  account  for 
all  roads  for  the  6oo-volt  direct  current  system. 
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in   the   manner    hereinbefore   described    (section 
301.04). 

The  additional  expenditures  chargeable  to  this 
account  for  operation  outside  of  the  proposed 
limits  of  electrification  are  considered  elsewhere 
(section  301.09). 

Account  No.  73  —  Fuel  for  Yard  Locomotives: 
The  proposed  change  from  steam  to  electric  opera- 
tion will  result  in  the  elimination  of  all  steam  loco- 
motives from  the  trackage  to  be  electrified,  and 
consequently  the  cost  of  the  fuel  now  consumed 
by  locomotives  within  the  proposed  limits  of 
electrification  will  be  eliminated.  The  amount 
of  fuel  consumed  by  steam  locomotives  in 
yard  service  in  1912  within  the  Committee's 
Area  of  Investigation  (Zones  A  and  B)  was 
determined  as  a  result  of  the  Committee's  in- 
vestigation of  fuel  consumption  (chapter  104). 
In  this  investigation  the  railroad  lines  were 
divided  into  route  elements  and  an  accurate  de- 
termination of  the  amount  of  fuel  consumed  by 
locomotives  operating  on  each  route  element  and 
on  each  railroad  was  made.  The  number  of 
train-miles  of  service  performed  on  each  route 
element  and  on  each  railroad  was  also  determined 
(chapter  201).  It  was  possible  from  these  deter- 
minations, to  establish  the  ratio  between  the 
service  performed  within  the  proposed  limits  of 
electrification  and  that  performed  within  the 
Committee's  entire  Area  of  Investigation.  This 
ratio  was  found  to  be  91.8  per  cent.  It  was 
assumed  that  the  amount  of  fuel  consumed  was 
proportionate  to  the  amount  of  service  performed. 
Therefore  this  factor  of  91 . 8  per  cent  was  applied 
to  the  amount  of  fuel  consumed  by  yard  locomo- 
tives within  the  Committee's  Area  of  Investiga- 
tion to  determine  the  amount  of  fuel  consumed 
by  yard  locomotives  within  the  proposed  limits 
of  electrification.  By  this  method  it  was  shown 
that,  during  the  year  1912,  yard  locomotives  con- 
sumed a  total  of  1,950,707  tons  of  fuel  within 
the  proposed  limits  of  electrification. 

The  average  cost  of  fuel  per  ton  was  determined 
from  reports  submitted  by  the  railroads.  The 
cost  of  fuel  per  ton  for  yard  locomotives,  as  re- 
ported by  each  railroad,  was  multiplied  by  the 
number  of  locomotive-miles  performed  in  yard 
service  by  the  railroad  in  question  within  the 
Committee's  Area  of  Investigation,  and  the  sum 
of  such  products  for  all  roads  reporting  was 


divided  by  the  total  number  of  locomotive-miles 
performed  in  yard  service,  the  result  being 
accepted  as  the  average  cost  per  ton  of  fuel 
for  all  roads.  The  average  cost  of  coal  for  yard 
service  was  found  to  be  $2.09  per  ton.  This 
unit  cost,  when  applied  to  the  total  amount  of 
fuel  consumed  by  yard  locomotives  within  the 
proposed  limits  of  electrification,  indicated  that 
the  total  amount  expended  in  1912  for  fuel  for 
yard  locomotives  was  $4,076,978. 

As  under  other  similar  accounts,  10  per  cent 
of  this  total  expense,  or  $407,698,  has  been  re- 
garded as  chargeable  to  suburban  passenger 
service  and  the  balance  of  $3,669,280  to  yard 
and  transfer  service. 

It  has  been  determined  that  the  cost  of  fuel 
for  yard  locomotives  on  the  Chicago  &  North 
Western  Railway  in  1912  amounted  to  $534,852, 
of  which  amount  $53,485  was  chargeable  to 
suburban  passenger  service  and  $481,367  to  yard 
and  transfer  service.  These  estimates  have  been 
used  in  the  determination  of  the  total  expense 
under  this  account  to  all  roads  for  600- volt  direct 
current  operation,  in  the  manner  hereinbefore 
described  (section  301.04). 

As  a  result  of  electrification  the  entire  expense 
chargeable  to  this  account  will  be  eliminated. 

Account  No.  74 —  Water  for  Yard  Locomotives: 
The  proposed  change  from  steam  to  electric  opera- 
tion will  involve  the  elimination  of  all  steam 
locomotives  from  the  trackage  to  be  electrified. 
Subsequent  to  electrification,  therefore,  there  will 
be  no  expense  incident  to  the  supplying  of  water 
for  yard  locomotives  for  use  within  the  proposed 
limits  of  electrification.  Under  the  present 
method  of  steam  operation,  however,  certain 
yard  locomotives  which  receive  water  and  other 
supplies  within  the  proposed  limits  of  electrifica- 
tion, operate  in  steam  service  outside  of  these 
limits,  and  the  expense  of  supplying  water  for 
such  locomotives  for  use  beyond  the  limits  of 
electrification  will  continue  subsequent  to  the 
inauguration  of  electric  operation. 

Based  upon  reports  furnished  by  the  railroads, 
it  has  been  determined  that  the  total  expense 
of  supplying  water  to  yard  locomotives  within 
the  limits  of  electrification  during  the  year  1912 
was  $137,044.  As  in  the  case  of  other  similar 
accounts,  it  is  assumed  that  one-tenth  of  this 


EFFECT  OF  ELECTRIFICATION  ON  OPERATING  EXPENSES         1005 


amount,  or  $13,704,  is  chargeable  to  suburban 
passenger  service.  The  proportions  chargeable 
to  other  services  have  not  been  determined. 

The  total  expense  of  supplying  water  to  yard 
locomotives  within  the  proposed  limits  of  electri- 
fication for  the  Chicago  &  North  Western  Railway 
for  the  year  1912  was  $28,633,  of  which  10  per 
cent,  or  $2,863,  is  chargeable  to  suburban  passen- 
ger service. 

Upon  the  introduction  of  electric  operation 
practically  all  of  this  expense  will  be  eliminated. 
The  small  portion  representing  the  cost  of  water 
supplied  to  yard  I6comotives  within  the  limits 
of  electrification,  and  used  by  them  outside  these 
limits,  is  elsewhere  considered  (section  301.09). 

Account  No.  75 — Lubricants  for  Yard  Locomo- 
tives: A  comparison  of  the  cost  of  lubricants  for 
electric  locomotives  and  for  steam  locomotives, 
as  shown  by  the  records  available,  indicates  that 
the  proposed  change  from  steam  to  electric  opera- 
tion will  involve  so  slight  a  change  in  the  expen- 
ditures chargeable  to  this  account  that  the  amount 
is  regarded  as  negligible.  It  is  reported  that  the 
cost  of  lubricants  for  electric  locomotives  on 
the  Pennsylvania  Railroad's  New  York  terminal 
electrification  amounts  to  0.25  cent  per  locomo- 
tive-mile, and  that  the  average  cost  of  lubricants 
for  steam  locomotives  on  all  steam  operated 
divisions  of  the  Pennsylvania  Railroad  amounts 
to  0.24  cent  per  locomotive-mile.  For  purposes 
of  these  estimates,  therefore,  it  is  assumed  that 
the  cost  of  lubricants  will  be  the  same  for  both 
steam  and  electric  yard  locomotives. 

Account  No.  76 — Other  Supplies  for  Yard  Loco- 
motives: It  has  been  difficult  to  obtain  from  exist- 
ing records  any  very  complete  or  definite  figures 
relating  to  the  cost  of  miscellaneous  supplies  for 
yard  locomotives.  A  study  of  the  conditions  ob- 
taining under  steam  and  electric  operation  indi- 
cates that  most  of  the  supplies  chargeable  to  this 
account  for  steam  operation  are  also  needed  for 
electric  operation.  Those  supplies  which  are 
needed  in  connection  with  locomotive  fire-boxes, 
boilers,  and  mechanisms  peculiar  to  the  steam  loco- 
motive will,  of  course,  not  be  needed  for  electric 
locomotives;  but  electric  locomotives  will  require 
certain  special  supplies  which  are  not  needed  for 
steam  locomotives.  For  purposes  of  these  esti- 
mates, therefore,  it  is  assumed  that  any  change 


in  the  expenditures  chargeable  to  this  account 
will  be  negligible  and  no  determinations  have 
been  made. 

Account  No.  77 — Operating  Joint  Yards  and 
Terminals,  Dr. :  The  proposed  change  from  steam 
to  electric  operation  will  involve  no  change  in  the 
expenditures  chargeable  to  this  account. 

Account  No.  78 — Operating  Joint  Yards  and 
Terminals,  Cr. :  The  proposed  change  from  steam 
to  electric  operation  will  involve  no  change  under 
this  account. 

Account  No.  79 — Motormen.  Account  No.  80 
— Road  Enginemen:  The  proposed  change  from 
steam  to  electric  operation  will  involve  no  change 
in  the  expenditures  chargeable  to  this  account  for 
the  operation  of  any  service  except  the  suburban 
passenger  service.  Under  the  proposed  method  of 
electric  operation,  suburban  passenger  service  will 
be  handled  by  multiple-unit  motor  and  trailer  cars 
instead  of  by  locomotives.  In  place  of  the  two 
men  now  required  on  steam  suburban  passenger 
locomotives,  the  operation  of  multiple-unit  trains 
will  require  only  one  man,  a  motorman. 

Based  upon  reports  furnished  by  the  railroads, 
it  has  been  determined  that  the  average  expense 
due  to  enginemen  and  firemen  on  suburban  passen- 
ger locomotives  in  the  year  1912  amounted  to 
8 . 54  cents  per  locomotive-mile.  The  estimated 
expense  of  a  motorman  on  suburban  multiple- 
unit  trains  under  electric  operation  has  been  fixed 
at  4.675  cents  per  train-mile.  This  unit  is  based 
upon  a  rate  of  pay  of  $4.25  per  100  miles  or 
less,  which  rate  is  in  accordance  with  the  rates 
now  paid  motormen  operating  gasoline  or  self- 
propelled  motor  cars  on  railroads  where  such  cars 
are  in  use.  To  this  rate  has  been  added  10  per 
cent  to  allow  for  overtime  and  for  time  consumed 
in  make-up  and  put-away  service.  The  reduc- 
tion in  expenditures  chargeable  to  this  account, 
which  will  result  from  the  introduction  of  electric 
operation,  will  therefore  amount  to  3.865  cents 
per  train-mile.  During  the  year  1912  a  total  of 
4,239,110  locomotive-miles  was  performed  in 
suburban  passenger  service.  On  this  basis  the 
reduction  in  this  expense  will  amount  to  $163, 842. 

In  1912  the  expense  chargeable  to  steam  opera- 
tion within  the  proposed  limits  of  electrification 
on  the  Chicago  &  North  Western  Railway  under 
this  account  amounted  to  $78.2 10.  Under  electric 
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operation  the  expense  chargeable  to  this  account 
will  amount  to  $56,950. 

Account  No.  81 — Engine  House  Expense,  Road: 
The  proposed  change  from  steam  to  electric  opera- 
tion will  involve  the  elimination  of  the  steam 
locomotive  from  the  trackage  within  the  proposed 
limits  of  electrification  and  the  substitution  there- 
for of  electric  locomotives  and  multiple-unit  motor 
cars.  Expenses  chargeable  to  this  account  under 
the  present  steam  operation  within  the  proposed 
limits  of  electrification  will  be  eliminated,  and  a 
part  of  these  will  be  transferred  to  the  steam 
operated  divisions  beyond  the  proposed  limits  of 
electrification  (section  3 01.09).  Certain  expendi- 
tures chargeable  to  this  account  for  electric  road 
locomotives  within  the  proposed  limits  of  electri- 
fication will  be  introduced. 

Each  of  the  25  railroads  reporting  gave  the  ex- 
penditures chargeable  to  this  account  during  the 
year  1912  for  steam  operation  within  the  Com- 
mittee's Area  of  Investigation.  The  total  of  the 
amounts  so  reported  was  $623,991.  The  total  of 
the  expenditures  reported  by  each  road  was  pro- 
rated to  the  several  road  services  of  the  road  in 
question  upon  the  basis  of  the  locomotive-mileage 
performed  in  each  service.  The  expenditures  for 
each  service  were  totaled  for  all  roads  reporting, 
and  these  totals  were  divided  by  the  number  of 
locomotive-miles  performed  in  the  service  in 
question  within  the  Committee's  Area  of  Inves- 
tigation to  give  the  unit  expense  chargeable  to 
this  account  for  each  service.  »By  this  process 
units  for  road  engine  house  expense  in  the  sev- 
eral services  were  determined  as  follows: 

CENTS    PER 
LOCOMOTIVE-MILE 

Through  passenger 4 . 790 

Suburban  passenger 6.321 

Road  freight 7050 


Average 


5-696 

These  units  were  applied  to  the  locomotive- 
mileage  performed  by  all  roads  in  each  of  the 
several  services  during  the  year  1912,  within 
the  proposed  limits  of  electrification,  to  obtain 
the  total  expenditures  chargeable  to  this  account. 

The  engine  house  expense  involved  in  the  care 
of  electric  locomotives  will  be  materially  less  than 
that  shown  for  steam  locomotives.  The  engine 
house  expense  on  the  Terminal  Division  of  the 
Pennsylvania  Railroad  in  New  York  is  reported 


to  be  approximately  one-fifth  of  the  engine  house 
expense  under  steam  operation.  In  1912  the  en- 
gine house  expense  on  this  electrically  operated 
division  amounted  to  0.58  cent  per  locomotive- 
mile,  while  that  on  the  New  Jersey  steam  operated 
division  of  the  same  railroad  amounted  to  2 . 59 
cents  per  locomotive-mile.  For  purposes  of  these 
estimates  it  is  assumed  that  the  engine  house  ex- 
pense for  electric  road  locomotives  and  for  electric 
multiple-unit  motor  cars  used  in  suburban  service 
will  be  one-fifth  of  the  present  engine  house  ex- 
pense involved  in  caring  for  steam  locomotives. 
On  this  basis  the  total  road  engine  house  expense 
for  electric  operation,  with  the  corresponding  ex- 
pense for  steam  operation,  has  been  determined 
as  shown  by  table  CDX. 

TABLE  CDX.     ESTIMATED  ANNUAL  EXPENSE  UNDER  ACCOUNT 

NO.   81  — ENGINE  HOUSE   EXPENSE  — FOR   STEAM   AND  FOR 

ELECTRIC  OPERATION,    ALL  ROADS 

(Buii  of  1911) 


Service 


Totab 


283.718 
IM.1M 


2.400-Voll 

:>  i 


n 


•888,912       $131.982        tl.il, 9H2 


1.000-  Volt 


$51.808 
83.742 


The  engine  house  expense  for  road  locomotives 
for  the  6oo-volt  direct  current  system  of  opera- 
tion will  bear  the  same  ratio  to  the  corresponding 
expense  of  steam  operation  as  is  indicated  for 
the  2, 400- volt  direct  current  and  the  11,000- volt 
alternating  current  systems. 

This  estimated  expense  of  6oo-volt  direct  cur- 
rent operation,  for  the  Chicago  &  North  Western 
Railway  on  the  basis  of  service  requirements  of 
1912,  amounts  to  $43,246.  The  cost  for  steam 
operation  under  this  account  was  $216,230. 

The  additional  expenditures  chargeable  to  this 
account  for  steam  operation  outside  of  the  pro- 
posed limits  of  electrification  are  elsewhere  con- 
sidered (section  301.09). 

Account  No.  82 — Fuel  jor  Road  Locomotives: 
The  proposed  change  from  steam  to  electric 
operation  will  result  in  the  elimination  of  all 
steam  locomotives  from  the  trackage  to  be  elec- 
trified, and  consequently  the  cost  of  fuel  now 
consumed  within  the  proposed  limits  of  electri- 
fication will  be  eliminated.  The  amount  of  fuel 
consumed  by  steam  road  locomotives  in  the  year 
1912  within  the  Committee's  Area  of  Inves- 
tigation (Zones  A  and  B)  was  determined  as  a 
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result  of  the  Committee's  investigation  of  fuel 
consumption  (chapter  104).  In  this  investiga- 
tion the  railroad  lines  were  divided  into  route 
elements  and  an  accurate  determination  was  made 
of  the  amount  of  fuel  consumed  by  locomotives 
while  operating  on  each  route  element  and  on 
each  road.  The  number  of  train-miles  of  service 
performed  on  each  route  element  and  on  each 
railroad  was  also  determined  as  explained  else- 
where (chapter  202).  It  was  possible,  as  a 
result  of  these  determinations,  to  establish  the 
ratio  between  the  service  performed  within  the 
proposed  limits  of  electrification  and  the  ser- 
vice performed  within  the  Area  of  Investigation. 
This  ratio  was  found  to  be  91.8  per  cent.  It 
was  assumed  that  the  amount  of  fuel  consumed 
was  proportionate  to  the  amount  of  service  per- 
formed. Therefore  this  factor  of  91.8  per  cent 
was  applied  to  the  amount  of  fuel  consumed  by 
road  locomotives  in  service  within  the  Area  of  In- 
vestigation, to  determine  the  amount  of  fuel  con- 
sumed by  road  locomotives  within  the  proposed 
limits  of  electrification.  By  this  method  it  was 
found  that  road  locomotives  consumed  a  total  of 
633,830  tons  within  the  proposed  limits  of  elec- 
trification during  the  year  1912. 

The  average  cost  of  fuel  per  ton  was  determined 
from  reports  submitted  by  the  railroads.  The 
cost  of  fuel  per  ton  for  road  locomotives  as  reported 
by  each  railroad  was  multiplied  by  the  number 
of  locomotive-miles  performed  by  each  railroad 
within  the  Area  of  Investigation,  and  the  sum  of 
such  products  for  all  roads  reporting  was  divided 
by  the  total  number  of  locomotive-miles  performed 
by  these  roads  in  road  service,  the  result  being 
accepted  as  the  average  cost  per  ton  of  fuel  for  all 
roads.  This  average  cost  for  road  service  was 
found  to  be  $1.903  per  ton.  This  unit  cost  of 
fuel,  when  applied  to  the  total  amount  of  fuel 
consumed  by  all  road  locomotives  within  the 
proposed  limits  of  electrification,  indicated  that 
the  total  amount  expended  in  1912  for  each  of 
the  road  services  was  as  follows: 

Through  passenger $4'9.77i 

Suburban  passenger 334.3 1 7 

Road  freight 452,090 

Total $1,206,178 

Under  conditions  obtaining  in  1912  the  expense 
of  fuel  for  road  locomotives  chargeable  to  this 


account  for  the  Chicago  &  North  Western  Rail- 
way amounted  to  $433,058. 

As  a  result  of  electrification  the  entire  expense 
chargeable  to  this  account  will  be  eliminated. 

Account  No.  83 — Water  for  Road  Locomotives: 
The  proposed  change  from  steam  to  electric  opera- 
tion will  involve  the  elimination  of  all  steam  loco- 
motives from  the  trackage  to  be  electrified.  After 
the  inauguration  of  electric  operation  there  will 
be  no  expense  incident  to  the  supplying  of  water 
for  road  locomotives  for  use  within  the  proposed 
limits  of  electrification.  Under"  the  present 
method  of  steam  operation,  however,  certain 
road  locomotives  which  receive  water  and  other 
supplies  within  the  proposed  limits  of  electrifi- 
cation operate  in  steam  service  outside  of  these 
limits,  and  the  expense  of  supplying  water  for 
such  locomotives  for  use  outside  of  the  limits  of 
electrification  will  continue  after  the  introduction 
of  electric  operation. 

Based  upon  reports  furnished  by  the  railroads, 
it  has  been  determined  that  the  total  expense  of 
supplying  water  to  road  locomotives  within  the 
proposed  limits  of  electrification  during  the  year 
1912  was  $116,508.  This  amount  has  been  pro- 
rated to  the  several  classes  of  road  service  on  a 
locomotive-mileage  basis,  with  results  as  follows: 

Through  passenger $54.'73 

Suburban  passenger 42,6'*) 

Road  freight I9,7°7 

Total     . $116,508 

The  total  expense  chargeable  under  this  account 
for  operation  on  the  Chicago  &  North  Western 
Railway  for  the  year  1912  amounted  to  $23,983. 

Upon  the  introduction  of  electric  operation 
practically  all  of  this  expense  will  be  eliminated. 
The  small  portion  representing  the  cost  of  water 
supplied  to  road  locomotives  within  the  proposed 
limits  of  electrification  and  used  by  them  outside 
of  such  limits  is  considered  elsewhere  in  this  re- 
port (chapter  301.09). 

Account  No.  84 — Lubricants  for  Road  Loco- 
motives: A  comparison  of  the  cost  of  lubricants 
for  electric  and  steam  locomotives,  as  shown  by 
the  records  available,  indicates  that  the  proposed 
change  from  steam  to  electric  operation  will  in- 
volve so  slight  a  change  in  the  expenditures 
chargeable  to  this  account  that  the  amount  is 
regarded  as  negligible.  It  is  reported  that  the 
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cost  of  lubricants  for  electric  locomotives  on 
the  Pennsylvania  Railroad's  New  York  terminal 
electrification  amounts  to  0.25  cent  per  loco- 
motive-mile, and  that  the  average  cost  of  lubri- 
cants for  steam  locomotives  on  all  steam  operated 
divisions  of  the  Pennsylvania  Railroad  amounts 
to  0.24  cent  per  locomotive-mile.  For  purposes 
of  these  estimates,  therefore,  it  is  assumed  that 
the  cost  of  lubricants  will  be  the  same  for  both 
steam  and  electric  road  locomotives. 

Account  No.  85 — Other  Supplies  for  Road 
Locomotives:  It  has  been  difficult  to  obtain  from 
existing  records  any  very  complete  or  definite 
figures  relating  to  the  cost  of  miscellaneous  sup- 
plies for  road  locomotives.  A  study  of  the  con- 
ditions obtaining  under  steam  and  electric  opera- 
tion indicates  that  most  of  the  supplies  chargeable 
to  this  account  for  steam  operation  are  also  needed 
for  electric  operation.  Those  supplies  which  are 
needed  in  connection  with  locomotive  fire-boxes, 
boilers  and  mechanisms  peculiar  to  the  steam 
locomotive  will,  of  course,  not  be  needed  for  the 
electric  locomotive,  but  electric  locomotives  will 
require  certain  special  supplies  which  are  not 
needed  for  steam  locomotives.  For  purposes  of 
these  estimates,  therefore,  it  is  assumed  that  any 
change  in  the  expenditures  chargeable  to  this 
account  will  be  negligible  and  no  determinations 
have  been  made. 

Account  No.  86  —  Operating  Power  Plants: 
The  analysis  of  the  charges  to  this  account  are 
considered  in  connection  with  those  chargeable 
to  the  operation  and  maintenance  of  substations 
and  power  station  (Accounts  Nos.  4  7 -A  and 
47-B). 

Account  No.  8j  —  Purchased  Power:  The  pro- 
posed change  from  steam  to  electric  operation 
will  involve  no  change  in  the  expenditures  charge- 
able to  this  account. 

Account  No.  88 — Road  Trainmen:  The  plans 
of  the  Committee  do  not  contemplate  any  change 
in  the  number  or  pay  of  trainmen  at  pres- 
ent employed  in  the  operation  of  steam  trains, 
except  in  the  case  of  suburban  passenger 
service,  which  has  elsewhere  been  considered 
(Account  No.  79).  The  proposed  change 
from  steam  to  electric  operation  will  there- 
fore involve  no  change  in  the  expenditures 
chargeable  to  this  account. 


Account  No.  89  —  Train  Supplies  and  Expenses: 
The  proposed  change  from  steam  to  electric 
operation  will  involve  no  change  in  the  expend- 
itures chargeable  to  this  account. 

Account  No.  90  —  Interlockers  ,  and  Block  and 
Other  Signals,  Operation:  The  proposed  change 
from  steam  to  electric  operation  will  involve  no 
change  in  the  number  or  pay  of  operators  or 
employes  needed  in  connection  with  the  opera- 
tion of  interlockers  and  signals.  Therefore  no 
change  in  the  expenditures  chargeable  to  this 
account  will  result  from  the  introduction  of 
electric  operation. 

Account  No.  91  —  Crossing  Flagmen  and  Gate- 
men:  The  proposed  change  from  steam  to  electric 
operation  will  involve  no  change  in  the  expendi- 
tures chargeable  to  this  account. 

Account  No.  92  —  Drawbridge  Operation:  The 
proposed  change  from  steam  to  electric  operation 
will  involve  no  change  in  the  expenditures  charge- 
able to  this  account. 

Account  No.  93  —  Clearing  Wrecks:  The  pro- 
posed change  from  steam  to  electric  operation  will 
involve  no  change  in  the  expenditures  chargeable 
to  this  account. 

Account  No.  94  —  Telegraph  and  Telephone 
Operation:  Reports  furnished  by  the  railroads 
indicate  that  the  total  expenditures  chargeable 
to  telegraph  and  telephone  operation  within  the 
proposed  limits  of  electrification  during  the  year 
1912  amounted  to  $117,373.  This  amount  has 
been  pro-rated  on  a  locomotive-mileage  basis 
to  the  four  classes  of  service  recognized,  with 
results  as  follows: 

Through  passenger       ..........  $26,083 

Suburban  passenger     ..........  20,525 

Road  freight      ............  9,488 

Yard  and  transfer  ...........  61,277 


Total 


The  introduction  of  any  of  the  proposed 
systems  of  electric  operation  will  involve  an 
increase  in  the  expenditures  chargeable  to  this 
account,  owing  to  the  necessity  of  providing  tele- 
phone service  for  intercommunication  between 
the  power  station,  substations,  dispatchers'  head- 
quarters and  other  points.  Under  the  plan  of 
the  Committee,  it  is  proposed  that  the  instru- 
ments and  telephone  lines  needed  .for  this  addi- 
tional service  are  to  be  obtained  from  the  local 
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telephone  company  at  a  fixed  unit  rental  charge. 
An  exception  to  this  plan  has  been  made  in  the 
case  of  the  line  for  the  telephone  patrol  system. 
This  line  will  be  installed  and  maintained  by  the 
railroad  companies.  The  expense  of  maintenance 
has  been  considered  in  the  analysis  of  Account 
No.  14.  The  instruments  for  the  patrol  line  are, 
however,  to  be  rented,  the  rental  of  such  instru- 
ments being  included  in  the  estimated  additional 
expenses  chargeable  to  this  account. 

According  to  the  Committee's  plan  for  the 
2,400-volt  direct  current  system  of  operation, 
there  are  to  be  133  substations  and  switching 
stations,  situated  at  an  average  distance  of  12.4 
miles  from  the  switchboard  of  the  power  station. 
For  the  n,ooo-volt  alternating  current  system 
of  traction  there  are  to  be  137  substations  and 
switching  stations,  located  at  an  average  distance 
of  12.8  miles  from  the  switchboard  of  the  power 
station.  Under  both  systems  of  operation,  there 
will  be  required  35  private  telephone  lines  from 
the  power  station  switchboard  to  the  switch- 
boards of  the  dispatchers'  offices  or  the  general 
offices  of  the  railroad  companies.  The  average 
length  of  these  lines  will  be  eight  miles.  Under 
electric  operation  there  will  be  20  new  locomotive 
or  multiple-unit  car  terminals,  which  are  to  be 
provided  with  telephone  service.  Such  service 
is  to  be  obtained  through  the  central  exchanges 
of  the  local  telephone  company.  According  to 
the  plan  of  the  Committee,  no  telephone  operators 
will  be  required  at  the  outer  end  of  any  of  these 
telephone  circuits,  it  being  assumed  that  attend- 
ants, such  as  substation  operators,  towermen, 
station  agents,  shop  foreman  and  others  may  be 
reached  without  the  aid  of  a  switchboard  operator. 
It  is  estimated  that  one  telephone  operator  will 
be  required  at  the  power  station,  for  each  shift. 
The  expense  of  operators  for  maintaining  wire 
lines  and  supervising  the  operation  of  the  tele- 
phone systems  has  been  considered  in  connection 
with  the  operating  expense  of  substations  and 
power  station  (Accounts  Nos.  47-A,  47-B  and  86). 

Estimates  of  the  expense  involved  in  the  opera- 
tion of  additional  telephone  lines,  which  will  be 
needed  subsequent  to  electrification,  have  been 
based  upon  a  careful  study  of  the  conditions  to 
be  met  and  upon  unit  costs  in  effect  in  1912. 
Such  units  extended  to  cover  the  additional 
telephone  and  telegraph  establishment  required, 


and  the  total  additional  estimated  expenditures 
chargeable  to  this  account  under  electric  opera- 
tion, based  upon  the  conditions  of  1912,  are 
presented  in  table  CDXI. 

TABLE     CDXI.        ESTIMATED     INCREASE     IN     EXPENDITURES 

UNDER   ACCOUNT   No.   94  —  TELEGRAPH   AND 

TELEPHONE   OPERATION.  ALL  ROADS 

(BuU  of  loi  j) 


Item 

Annual 
Rental 

2.400-Volt 

1.   ' 

11.000-  VoU 

\    ' 

1 

.' 

* 

4 

Rent    of   private    line*    from    powtr 
station  switchboard  to  sutwtations 
and  (witching  stations,  per  mile  .  . 
Rent  of  private  lines  from  power  atn- 
tion  switchboard  to  general  offices 
or  dispatchers'  offieea,  per  mile  .  .  . 
Rent  of  telephones  on  patrol  line,  per 

MO  00 
40.00 

e  oo 

$65.968 
11.200 

,      --:. 

S70.144 

11.200 

•  ;-• 

Rent  of  telephones  in  substations, 
switching  stations,  power  station, 
and  dispatcher's  office,  per  instru- 
ment   

6  00 

I  128 

1  152 

Service  and  rent  of  instrument*  for 
new  locomotive  and  car  terminals, 
per  station  

40  00 

4.800 

4.M»l 

Three  operators  at  power  station,  per 

,  •  00 

2,340 

2.34O 

Totals     

• 

$9fl.4lfl 

These  increased  expenses  for  telegraph  and 
telephone  operation  constitute  additions  to  the 
present  expense  of  such  operation.  The  estimated 
total  annual  expenditures  on  the  basis  of  the 
operations  of  1912  will  therefore  be  $209,589 
for  the  2,400-volt  system  and  $213,789  for  the 
n,ooo-volt  system.  These  totals,  pro-rated  on  a 
locomotive-mileage  basis  to  the  four  classes  of 
service,  with  the  corresponding  amounts  for  steam 
operation  in  1912,  are  shown  by  table  CDXI  I. 

TABLE  CDXII.     ESTIMATED  ANNUAL  EXPENSE  UNDER  ACCOUNT 

No.  04  — TELEGRAPH   AND   TELEPHONE   OPERATION 

ALL  ROADS 

(Basis  of  1913) 


Service 

Steam 

2.400-Volt 
D.C. 

11.000-  Volt 
A.C. 

1 

3 

3 

4 

Through  passenger  

S26.083 

$  46,573 

$  47  5O9 

-.1  i]  ] 

•   '  "  i 

-     - 

•  1  (^ 

'•    '1  . 

[7 

81  277 

109419 

111  612 

Totals  

s:  ::  (7  . 

$209.580 

$213.78* 

This  account  has  also  been  analyzed  for  600- 
volt  direct  current  third  rail  operation  on  the 
Chicago  &  North  Western  Railway.  The  expense 
chargeable  to  this  account  under  steam  opera- 
tion during  1912  amounted  to  $4,460.  Electric 
operation  will  require  an  expense  for  telephone 
and  telegraph  operation  of  $24,688.  This  esti- 
mate has  been  used  in  determining  the  total 
expense  under  this  account  to  all  roads  for  600- 
volt  direct  current  operation,  in  the  manner 
hereinbefore  described  (section  301.04). 
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Account  No.  95 — Operating  Floating  Equip- 
ment: The  proposed  change  from  steam  to  elec- 
tric operation  will  involve  no  change  in  the  ex- 
penditures chargeable  to  this  account. 

Account  No.  96 — Express  Service:  The  pro- 
posed change  from  steam  to  electric  operation 
will  involve  no  change  in  the  expenditures  charge- 
able to  this  account. 

Account  No.  97 — Stationery  and  Printing: 
The  proposed  change  from  steam  to  electric 
operation  will  involve  no  change  in  the  expend- 
itures chargeable  to  this  account. 

Account  No.  98 — Other  Expenses:  The  pro- 
posed change  from  steam  to  electric  operation  will 
involve  no  change  in  the  expenditures  chargeable 
to  this  account. 

Account  No.  99 — Loss  and  Damage,  Freight: 
The  proposed  change  from  steam  to  electric 
operation  will  involve  no  change  in  the  expend- 
itures chargeable  to  this  account. 

Account  No.  100 — Loss  and  Damage,  Baggage: 
The  proposed  change  from  steam  to  electric 
operation  will  involve  no  change  in  the  expend- 
itures chargeable  to  this  account. 

Account  No.  101 — Damage  to  Property:  The 
proposed  change  from  steam  to  electric  operation 
will  involve  no  change  in  the  expenditures  charge- 
able to  this  account. 

Account  No.  102 — Damage  to  Stock  on  Right- 
of-Way:  The  proposed  change  from  steam  to 
electric  operation  will  involve  no  change  in  the 
expenditures  chargeable  to  this  account. 

Account  No.  103 — Injuries  to  Persons:  The 
proposed  change  from  steam  to  electric  operation 
will  involve  no  change  in  the  expenditures  charge- 
able to  this  account. 

Account  No.  104 — Operating  Joint  Tracks  and 
Facilities,  Dr. :  The  proposed  change  from  steam 
to  electric  operation  will  involve  no  change  in 
the  expenditures  chargeable  to  this  account. 

Account  No.  105 — Operating  Joint  Tracks  and 
Facilities,  Cr.:  The  proposed  change  from  steam 
to  electric  operation  will  involve  no  change  in 
the  charges  to  this  account. 

5.    General  Expenses 

Account  No.  106 — Salaries  and  Expenses  oj 
General  Officers.  Account  No.  ioj — Salaries  and 


Expenses  of  Clerks  and  Attendants..  Account  No. 
1 08  —  General  Office  Supplies  and  Expenses. 
Account  No.  109 — Law  Expenses.  Account  No. 
no — Insurance.  Account  No.  in — Relief  De- 
partment Expenses.  Account  No.  112 — Pensions. 
Account  No.  113 — Stationery  and  Printing.  Ac- 
count No.  114 — Other  Expenses.  Account  No. 
7/5 — General  Administration  Joint  Tracks,  Yards 
and  Terminals,  Dr.  Account  No.  116 — General 
Administration  Joint  Tracks,  Yards  and  Ter- 
minals, Cr.:  The  proposed  change  from  steam  to 
electric  operation  will  involve  no  apparent  change 
in  the  expenditures  chargeable  to  these  accounts, 
and  for  the  purposes  of  these  estimates  it  has  been 
assumed  that  the  charges  subsequent  to  elec- 
trification will  be  the  same  as  those  which  now 
accrue  for  steam  operation. 

SUMMARY 

301.06  Summary:  A  summary  of  the  expense 
of  steam  operation  and  of  the  estimated  expense 
of  electric  operation,  by  the  2, 400- volt  direct 
current  and  the  u,ooo-volt  alternating  current 
systems,  is  presented  for  each  of  the  accounts 
which  will  be  affected  by  the  proposed  change 
from  steam  to  electric  operation,  by  services, 
as  table  CDXIII. 

The  distribution  .of  expenses  among  the  four 
services  recognized  in  this  analysis  is  based  upon 
the  number  of  locomotive-miles  performed  in 
each  service  under  steam  operation  within  the 
terminals  in  the  year  1912.  The  number  of 
locomotive-miles  performed  in  each  service  and 
the  percentage  of  the  total  represented  by  each 
service  are  shown  by  table  CDXIV. 

A  summary  of  the  total  expense  for  all  services 
under  affected  accounts,  for  steam  operation  and 
for  both  2,4oo-volt  direct  current  and  1 1,000- 
volt  alternating  current  operation,  is  presented 
as  table  CDXV. 

Estimates  have  been  made  of  the  expense  of  the 
6oo-volt  direct  current  third  rail  operation  on  the 
Chicago  &  North^Western  Railway  in  the  manner 
hereinbefore  described  in  connection  with  the 
analyses  of  accounts.  A  summary,  by  accounts, 
of  the  expense  of  steam  operation  and  the  esti- 
mated expense  of  third  rail  direct  current  opera- 
tion on  the  Chicago  &  North  Western  Railway, 
on  the  basis  of  the  year  1912,  is  presented  as 
table  CDXVI. 
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A  distribution  of  the  total  expense  shown  by 
table  CDXVI  among  the  four  services  recognized 
has  been  made  on  the  basis  of  the  number  of 
locomotive-miles  performed  in  each  service  under 
steam  operation  in  the  year  1912.  The  number 
of  locomotive-miles  performed  in  each  service 
and  the  percentage  of  the  total  represented  by  each 
service  are  shown  by  table  CDXVII. 

The  cost  per  locomotive-mile  for  steam  opera- 
tion and  for  6oo-volt  direct  current  operation,  as 
indicated  by  dividing  the  total  cost,  under  affect- 
ed accounts,  by  the  total  number  of  locomotive- 
miles  of  service  performed,  is  set  forth  by  table 
CDXVIII. 

The    results    presented    in     table    CDXVIII 


indicate  that  the  estimated  saving  in  operating 
expense  under  the  proposed  6oo-volt  direct  cur- 
rent third  rail  system  on  the  Chicago  &  North 
<  rn  Railway,  as  compared  with  the  expense 
of  steam  operation,  amounts  to  12.74  cents  per 
locomotive-mile,  or  to  a  total  of  $570,974  per 
annum,  upon  the  basis  of  the  1912  service  and 
conditions. 

The  total  expense  under  affected  accounts,  of  Coo- 
volt  direct  current  third  rail  operation  on  all  roads 
within  the  proposed  limits  of  electrification  has 
been  determined  by  applying  to  the  expense,  under 
the  affected  accounts,  of  steam  operation  in  1912 
within  the  proposed  limits  of  electrification  the 
ratio  between  the  estimated  expense  of  6oo-volt 
direct  current  third  rail  operation  on  the  Chicago 


TABLE   CDXIII.    SUMMARY   OF  ANNUAL  OPERATING   EXPENSE  UNDER   AFFECTED  ACCOUNTS,   FOR   STEAM   AND  FOR 

ELECTRIC  OPERATION.  ALL   ROADS 
(Bui*  of  1912) 


Account  Number 

Service 

Stwm 

2.400-Volt 

n  c 

ll.OOO-Volt 
A.  C. 

Totd     ^5I£; 

Cent* 

Total 

Per 

Loco.- 
M   • 
Cent* 

Total 

1-  • 

: 
Cent* 

1 

2 

a              > 

5 

a 

7 

8 

Maintenance  of  Way  and  Structure 

3 

Ties 

S102.919 

S102.919 
81.011 
37.425 
MUSH 

$102.919 
81.011 
-  Ot 

21!  K_'» 

81,011    . 

37,425 

241.  828    . 

Totals  ...        '.    

463,183  1     1.911     ;       463.183 

i    911 

!•    .    > 

1.911 

6 

54,142 

54,142 
42.617 
;••    U 
127,216 

54.142 
42.617 

:  
127,216 

42.617          

IO.88S 

Yard  and  transfer  127.216     . 



Totals  

243.663       1.005 

Ji  .-  1 

I  ..."           ji  ;.... 

I.MM 

7 
Removal  of  sand,  snow  and  ice   

:,  :  !', 

.1  .  >'•-• 
42,105 
19,452 
125.691 

53.492 
42.105 

•  1    . 
125.1    • 

Road  freight   .                                                                  19.452    .  . 

Yard  and  transfer  

125.691  i  

Totals  

240.740       0.993 

240.740      0.993 

240.740 



11 
Grade  crossings,  fences,  guards,  and   signs 

9.467    .  . 
7452 

9.4«7 
7.452 
3.443 

n  MI 



9,467 
7  ;   I 
Ml 
H  Ml 

3.443 

22  246 

Totals  4  . 

42.608  ;     0.  176 

IJ  mis 

..   I7C, 

IJ     •     MS 

171 

13 
Signals  and  interlocking  plants  

90.105   .  . 

N  na 
it  w 

M,i  a 

225.072 

95,559 

-'•  :- 
34.749 
234.535 

70,924 

32,765   



Yard  and  transfer  

211,718  

Total*  

405,512       1.673 

431.090 

1.778 

430.000       1.774 

14 
Telegraph  and  telephone  lines 

x  gjg 

9.863 

7  m 
1    98 

J  .  171 

7  7    . 

" 

23,171 

6,971  1  

Road  freight        "" 

3  222 

Yard  and  transfer  

20.812   



Total*  

39,864      0.104 

44.384 

II    is  . 

44.384       0.183 

15 

Electric  power  transmission  

0  

o 

jji  :.••• 

174.529 

|  ,  H 

219.247 
172.576 
79.726 
515.161 

0  





Yard  and  transfer  

0  

Total*  

0              0 

•••,:  -:• 

i   ;;•. 

••s.    7' 

:      7 

16 
Buildings,  fixtures  and  ground*  

30,912     . 

141  :••: 
1  12.395 

',•:• 
335,513 

:  i.  7  • 
til 
'    •.: 
335.513 

•i 

11,240   
72,633  

1 

Yard  and  transfer  

Total*  

•1W.116      0.573     !     $642.623       2.  Ml           SA42.823       2651 
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&  North  Western  Railway  and  that  of  steam  opera- 
tion on  the  Chicago  &  North  Western  Railway  as 
shown  by  the  reports  covering  1912.  A  summary 
showing  the  total  unit  expense,  under  affected 
accounts,  for  the  operation  of  all  roads  within  the 
proposed  limits  of  electrification,  for  steam,  for 
6oo-volt,  for  2,4oo-volt  and  for  n,ooo-volt  opera- 
tion, is  presented  as  table  CDXIX. 

The  estimated  gain  which  may  be  expected  to 
result  from  the  introduction  of  electric  operation 
within  the  proposed  limits  of  electrification  is 
shown,  for  each  system,  by  table  CDXX. 

OPERATING  EXPENSES  INCIDENT  JO  THE 
PROPOSED  NEW  TRANSFER  STATIONS 

301.07  Number  and  Location  of  Transfer 
Stations:  The  proposed  change  from  steam  to 
electric  operation  will  involve  the  establishment 
of  facilities  for  the  change  of  motive  power,  at 
the  points  on  the  several  railroad  lines  which  will 
mark  the  outer  limits  of  electrification.  At  such 
points  it  will  be  necessary  to  establish  transfer 


statibns  and  steam  locomotive  terminals  to  pro- 
vide for  the  care  of  certain  steam  locomotives 
which  are  now  housed  at  terminals  within  the 
limits  of  electrification.  These  points  will  mark 
the  termini  of  both  steam  and  electric  locomotive 
runs.  All  service  beyond  such  transfer  stations 
will  be  operated  by  steam  and  all  service  between 
the  transfer  stations  and  the  terminals  within 
the  city  of  Chicago  will  be  operated  electrically. 

Under  the  plan  of  electrification,  as  defined  by 
roads  (chapter  209),  it  will  be  necessary  to  estab- 
lish 30  new  transfer  stations  and  2  5  new  establish- 
ments for  the  care  of  steam  locomotives.  Five 
existing  establishments  for  the  care  of  steam 
equipment  are  to  be  enlarged.  The  expense 
incident  to  the  operation  and  maintenance  of 
transfer  stations  will  constitute  an  additional 
operating  expense  as  a  result  of  electrification, 
and  that  incident  to  the  operation  and  mainten- 
ance of  facilities  for  the  care  of  steam  equipment 
at  transfer  stations  will  effect  changes  in  the 
present  expense  of  steam  operation.  The  effect 


TABLE  CDXIII     (Continued).     SUMMARY  OP  ANNUAL  OPERATING  EXPENSE  UNDER  AFPECTED  ACCOUNTS.  FOR  STEAM  AND 

POR  ELECTRIC  OPERATION.  ALL  ROADS 
(Basil  of  ign) 


Account  Number 

ScrriM 

•MM* 

2.400-Volt 

nsTc. 

ll.(«)0-Volt 

,\    • 

Total 

Per 

: 
\;.i, 
Cent! 

Total 

Per 
Loco.- 

B 

Total 

Per 
Loeo.- 
Mi  1 

i  .  M. 

1 

» 
Maintenance  of  Eqidpm 

4 

6 

1 

8 

25  and  28 
Steam  locomotives  —  repair*  
Electric  locomotives  —  repair*  

$  .<:.!  :*n 

B.S28 
,   |M 

1.1*0 

.     77. 

,206.287 
107.783 

•  ..•  m 

o.&OO 
0 
-.  MM 

t  208.287 

107.783 
8S3,rU 

5.600 
0 

:.   '..., 
-,  ..„, 

Sut'iirtmn  passenger    
Koad  fn-iunt  
Yard  and  transfer  

160.100 

-  •-  M7 

31-A 

Suburban  passenger  
Road  height 

0 

JM;   .: 

0 
0 

4.  WO 

11 

(7,041 

0 
0 

1.681 

0 
67,041 
0 
0 

1.581 

Yard  and  transfer  

Totals  

.-:  .1 

i     v.,, 

.  MM! 

1  A81 

87  "ii 

i    '.si 

31-B 
Multiple-unit  motor  cars  —  repairs  

0 
0 
0 
0 

0 
MMM 
0 
0 

0 

•,7   11 
0 
0 

3.085 

3.062 

Road  freight 

Yard  and  transfer  

Totals  

0 

0 

168.900      3.888 

;•  7  ...r. 

37 
Electric  equipment  of  multiple-unit  motor 
care  —  repairs  

Through  passenger    

0 
0 
0 

o 

0 
100,4391 
0 
0,' 

0 

106,439 
0 
0 

Suburban  passenger     ,  . 

i.sii 

2.511 

Road  freight  

Totals  

0 

0 

106,439 

2.511 

108,430 

2.511 

17-  \  and  86 
Substations  —  operation  and  maintenance  .  . 

0 
0 
0 
0 

14.310       0.266 
12.726       0.300 
9,432       0.481 
53,532      0.438 

2,786       0.052 
2,182       0.051 
2.023  ,     0.103 
10,059       0.083 

Suburban  passenger  

Road  freight  

Yard  and  transfer  

Totali  

0 

- 

90,000  j     0.371     ;         17.050      0070 

47-n  and  86 
Power  station  —  operation  and  maintenance 

Through  passenger  

0 
0 
0 
0 

at  !••'• 

292.108 

lie  in 

IJM.7M 

.,  ..'.7 
,.    ,.,! 
11.048 
9.710 

:«>7.717 
241.032 
233,443 
1,160.702 

5.712 
|  BM 

11.402 
0.172 

Suburban  passenger  

Road  freight  

Yard  and  transfer  

0 

0 

$2,065.837 

8.522 

$1.032,  804  i     /.*<» 
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of  all  changes  within  the  proposed  limits  of  elec- 
trification has  been  considered  in  the  analyses  of 
accounts  (section  301.05).  It  is  the  present  pur- 
pose to  consider  the  effect  upon  operating  expenses 
of  the  operation  and  maintenance  of  all  new 
facilities  outside  of  the  proposed  limits  of  electri- 
fication. 

301.08  Increased  Cost  of  Handling  Supplies: 
Under  steam  operation  as  conducted  at  present, 
the  locomotive  and  train  terminals  are  located 


usually  in  close  proximity  to  each  other,  so  that 
it  is  often  possible  for  a  single  force  to  handle  the 
supplies  which  are  required  for  both  locomotive 
and  train  operation.  Under  the  proposed  electric 
operation,  the  steam  locomotive  terminals  will 
be  located  at  the  transfer  points,  while  the  train 
terminals  will  remain  at  established  points  within 
the  limits  of  electrification.  This  change  in  opera- 
tion will  involve  an  increased  labor  charge  for 
handling  supplies  such  as  lanterns,  oil,  waste  and 


TABLE  CDXIII     (Concluded).     SUMMARY  OP  ANNUAL  OPERATING  EXPENSE  UNDER  APPECTED  ACCOUNTS.  FOR  STEAM  AND 

FOR  ELECTRIC  OPERATION,  ALL  ROADS 
(Ba»t»  of 


Account  Number 

Service 

Hiram 

-•••;;•. 

11.  000-  Vol. 

\    ' 

Total 

Per 
Loco.- 

Mil- 

i  .  .... 

Total 

Pei 
Loco- 
Milr. 
Cents 

Total 

Pei 

Loco- 
Mil*. 

..... 

1 

2 

8 

4 

£ 

A 

7 

M 

TrannporUtion  Expenses 

68 
Yard  conductors  and  brakemen  

Through  passenger  

ii 
*  53.036 
0 
0 

0 
t  26.818 
0 
0 

o 

1.265 

0.033 

f  20.818 
0 

oiesi 

Yard  and  transfer  

Totals  

-.  :  .,  Hi 

1     JH.-I 

J         M« 

..   .,  ;  . 

-•    M- 

• 

71 
Yard  enginemen  

0 

42.539 
0 
0 

0 
21.270 
0 
0 

0 

21.270 
0 
0 

1.003 

0.502 

0  502 

Yard  and  transfer  

Totals  

42.539 

1.003             21.270 

0.502 

21.270       0502 

72 
Engine  house  expense  —  yard  

Through  passenger  

0 

63.348 
0 
570,134 

0 
6,335 

120.361 

'6!  149 

0 
6.335 
0 
120.361 

1.494 

0  149 

Road  freight  

Yard  and  transfer  

4  505 

0.951 

11    ill 

Totals  

633,482 

3.750 

IM.0M 

0.750            126.006 

1)   7.-H1 

73 
Fuel  for  yard  locomotives  

Through  passenger  

0 

407.698 
0 
3.669.280 

0 

I 

•  ' 

0 
0 
0 
0 

Suburban  passenger  

9.618 

Road  freight  

Yard  and  transfer  

28.993 

Totals  

4,076.978 

24  .  132 

0 

0. 

0 

0 

74 
Water  for  yard  locomotives  

Through  passenger  

0 
13.704 
0 
123.340 

0 
0 
0 
0 

0 
0 
0 
0 

0.323 

"6.975" 

Road  freight  
Yard  and  transfer  

Totals  

I37.M4 

ii  -  :  ! 

0 

0 

0 

0 

79  and  80 
Motormen  
Road  enginemen  

0 
362.020 
0 
0 

o 

198,178 

8 

0 
,98.178 

o 

Suburban  passenger  
Road  freight  
Yard  and  transfer  

8.540 

4.675 

::::::::: 

4.675 

Totals  
81 

:,',J,"j<i 

J.'.SJ'?. 

263,715 
138,158 
0 

x   MO 

4.790 
6.221 
7.050 

KIN  17* 

-,1  ISDN 
52.742 
27.632 
0 

i  c,-.-, 

1.244 
1.410 

i-.x  ::x 

51.608 
52.742 

.7  •      . 

0 

•  •  ~: 
•  - 

1   244 
I  410 

Road  freight 

Totals  

0  ,...,;. 

131.082 

1.139            181.983       1.139     > 

82 

Through  passenger  

1!'.  771 
334.317 
452.000 
0 

7.792 

7    M 
23  070 

0 
0 
0 
0 

0 
0 

o 

0 

Yard  and  transfer  

Totals  

i  m  jn 

10.411 

0 

0 

83 

54.172 
42.629 
19,707 
0 

0 
0 
0 
0 

0 

0 
0 

Suburban  passenger  

Yard  and  transfer  

Totals  

I1H..-10S 

1     1.000                      0              0 

0 

1 

94 
Telephone  and  telegraph  operation 

i>»i.ox:i 
20.525 

•.    |x* 

81.277 

46.576 

M  • 

!..••  l  : 

iiw  i!  • 

17  m 

7      M 

-.7  HI 
111.612 

Rnad  freisht    .  . 

Yard  and  transfer  



Toteta  

1117.873      0.484 

JJ,,.    -.x., 

0.  MM         tai3.7» 

0  882 
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TABLE    CDX1V.      LOCOMOTIVE-MILES    PERFORMED     IN     EACH 

SERVICE   WITHIN   THE   LIMITS  OP   ELECTRIFICATION 

UNDER   STEAM   OPERATION  IN   1911.  ALL   ROADS 


Service 

Loco.-Miles 

•  .-  ;  >!. 

P.  r  Ceot 
of  Total 

:x7      . 

4.230,110 

.;   r, 

Road  freight 

•  -, 

Yard  and  transfer 

12.655.045 

52.21 

Total*      .  . 

24,241.475 

100.00 

TABLE   CDXV.     SUMMARY    OP   ANNUAL    OPERATING  EXPENSE 

UNDER  AFFECTED  ACCOUNTS.    FOR  STEAM   AND 

FOR   ELECTRIC  OPERATION 

(Basis  of  1913) 


Arct. 
No. 

Item 

-••    • 

2.4110- 
Volt 
D.  C. 

'Vr 

A.  C 

1 

* 

3 

4 

6 

3 

Ties        

<     lli.1,183 

(    463.183 

I    463.183 

.. 

.  •  l  .  .  • 

!  :    a 

7 
11 

Removal  of  sand,  snow  and  ice 
Grade  crossings,  fences,  caltli- 

240.740 
42,008 

240.740 
42.6O8 

240.740 
42.608 

13 
14 
15 
16 

IB    UMJ 

28 

Signals  and  interlocking  plant* 
Telegraph  and  telephone  lines 
Klectric  power  transmission 
Ruildingn,  fixtures  and  grounds 
.Steam  and  electric  locnn 

405.512 

0 
130,116 

1,746,305 

43I.U90 

.  •:  >7  . 
MMt 

..  -  . 

i 
ii    .xj 

Ml    .-., 

I4MI 

1.  030,852 

31-A 

Passenger  train   trailer  care  — 

2O7.313 

67,041 

67,041 

31-B 

Multiple-unit     motor     can  — 

0 

.  , 

167,515 

37 

47-A 

..i  * 
47-B 
and  86 

H 

71 

i.l.itri,     ••i|ii!|i!n<-nt    of    motor 
cars  —  repairs   
Substations  —  operation  and 
maintenance  of  equipment    . 
Power  station  —  operation  and 
maintenance  of  equipment  .  . 
Yard  conductors  and  brakcmen 

0 
0 

0 

•    •   •• 

106.430 

,     , 

.     i.       -.7 
•    -    - 

100.430 
17.050 

1.03- 
.•   Ill 

Jl   l'7(l 

72 
73 
74 
79  and 
80 

Engine  bouse  expense  —  yard  .  . 
Fui'l  for  yard  locomotive*  .... 
Water  for  yard  locomotive*.  .  . 
Road  enginemen   (steam)   and 
motormen  (electric)  in  subur- 

633.482 

i  ->•>:- 
137.044 

3A2.020 

0 
0 

108,178 

;...     ,     ,. 

0 
0 

108,178 

81 
82 
83 
04 

Engine"  house  expense  —  road  .  . 
Fuel  for  road  locomotives  
Water  for  road  locomotives.  .  .  . 
Telegraph  anil  telephone  opera- 
tion   

•   i  
1.206.178 
116,508 

117.373 

Ul.'ix.' 
0 
0 

,    -  , 

ci 
0 

213,780 

Totals  

• 

$7.1-1' 

signals,  and  in  many  cases  will  also  require  an 
increased  investment  in  such  supplies.  At  the 
terminals  within  the  limits  of  electrification,  it 
will  be  necessary  after  electrification  to  continue 
to  maintain  supply  depots  for  trains,  and  electric 
locomotives  and  multiple-unit  equipment,  and  it 
will  be  necessary  in  most  cases  to  retain  the  pres- 
ent force  for  the  handling  of  such  supplies.  The 
force  needed  at  the  outside  terminal  to  handle 
steam  locomotive  supplies  will  therefore  be  addi- 
tional. It  is  estimated  that  the  work  of  handling 
supplies  at  the  transfer  stations  will  require  two 
men,  one  for  day  service  and  one  for  night  service. 
The  combined  salaries  of  these  two  men  are 
estimated  at  $140  per  month.  It  is  assumed  for 
purposes  of  these  estimates  that  these  men  may 
also  be  assigned  certain  other  duties,  so  that  all 
of  their  time  will  not  be  directly  chargeable  to  the 
handling  of  supplies. 


TABLE  CDXVI.     SUMMARY  OF  ANNUAL  OPERATING  EXPENSES 
UNDER   AFFECTED   ACCOUNTS.    FOR   STEAM    AND    FOR 
ELECTRIC  OPERATION  ON  THE  CHICAGO  ft 
NORTH    WESTERN    RAILWAY 
(Basis  of  1912) 


>unt 

!-.-. 

.-•• 

KKM  ft 

D.  C. 

1 

a 

3 

4 

3 

Tiei  

t    71  840 

(    74  002 

• 

Roadway  and  track                            .    . 

~,  •••• 

43  346 

7 
11 

Removal  of  sand,  mow  ami  
Grade  nrnasinsji.  fences,  cattle-guards 

and  signa  

U  II 

H  -i., 
5.282 

13 

117  651 

1  '..•;, 

14 

l.'i 

Telegraph  and  telephone  lines  

.  t  .1 

0 

3.370 
103,000 

10 

-  i    ... 

'    -  7J" 

25  and  28 
31-A 
31-B 
37 

Steam  and  electric  locomotive-repair*. 
Passenger  train  trailer  can  —  repain  .  . 
Multiple-unit  motor  can  —  repaira.  .  .  . 
•    equipment  of  motor    cam  — 

0 
0 

:•.'.  ITJ 
57.217 
30.551 

47-Aand86 

Substations  —  operation  and    mainten- 

o 

103,600 

47-H  and  80 

Power  station  —  operation  and  mainten- 

o 

MjJH 

H 

It  •  -7 

•'  '.i  i 

71 

IIIIMKI 

),004 

72 

'•'    1  '- 

K  xx  i 

73 

Fuei  for  yard  locomotives  

0 

74 

0 

70  and  80 

Roadenginen 

•  .  .  •  i  v  i 

81 

Il«    •  ... 

i  »  .-1" 

-. 

Fuel  for  road  locomotive*  

0 

j 

0,M1 

0 

M 

i  .  • 

•  I   i.xx 

«.•  i.-.s.i   : 

«i  -,x7.ii  ; 

TABLE   CDXVII.     LOCOMOTIVE- MILES   PERFORMED    IN    EACH 

SERVICE   WITHIN    THE    LIMITS   OP    ELECTRIFICATION 

UNDER   STEAM    OPERATION   ON   THE   CHICAGO 

ft    NORTH   WESTERN   RAILWAY 

(Basis  of  ion) 


IVr  ' 

1.157.415 
1411 

1  012.100 

.'7    is 
,     -.., 
in   44 

Mil.urlmn  MUNvnyr 

ROM!  freight 

ToUls 

100 

TABLE  CDXVIII.     TOTAL  AND  UNIT  COSTS.  UNDER  AFFECTED 

ACCOUNTS,   OP  STEAM   OPERATION   AND  OP  6oo-VOLT 

D.   C   OPERATION   ON   THE   CHICAGO   ft 

NORTH   WESTERN    RAILWAY 

(Basil  of  1912) 


-,.:, 

n 

D.  C. 

Q                 • 

" 

1    .      . 

y  -  - 

Total 

P.  r 

1  

Ml  - 
Cents 

Total 

P,  r 

1  .     0 

Cents 

1 

2 

3 

4 

5 

6 

Through  passenger  .  . 
Suburban  passencer  . 
Road  freight  
Yard  and  transfer  .  .  . 

1,157.415 

:.-•:-   .7' 
H    H 
i  su.i'iy 

$411.57.-> 
731.906 
170,144 

-;.  IM 

;  .    -..  r  . 
7_ 

...  m 

(..  IM 

1303  ITS 

502.152 

ll-VX'.l 

38.412 
,  :    187 

1     |X1    ^:: 

S2.1S8.117 

ix     17, 

*•    '-7   M  . 

r.   11  ; 

A  careful  study  has  been  made  of  all  factors 
entering  into  this  problem,  and  it  is  estimated 
that  an  increase  of  50  per  cent  in  the  present 
expense  of  handling  supplies  will  result  from  the 
changes  incident  to  electrification.  Upon  the 
basis  indicated,  the  increased  operating  expense 
of  handling  supplies,  resulting  from  the  proposed 
changes  for  all  roads  affected,  will  amount  to 
$30,000  per  annum. 
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TABLE   CDXIX.     SUMMARY  OP  TOTAL  AND  AVERAGE   UNIT   EXPENSE.  UNDER  APPECTED  ACCOUNTS.  POR   STEAM   AND   FOJJ 
ELECTRIC   OPERATION    OP   ALL   ROADS   WITHIN    THE    PROPOSED   LIMITS  OP  ELECTRIFICATION 


(Buiiof  lui  j) 


Service 

1   ...  ..ninm- 

Mil-. 

mm  Volt  ii  < 

\  .Jt  D.  C. 

11  ....   \    „•    \     ' 

ToUl 

-.; 

Total 

Mil.. 

ToUl 

" 

TMd 

P-rl.w-0. 

'  •     '• 

1 

> 

• 

4 

» 

7 

• 

10 

Through  passenger  

A.387.03S 
l.OSK.IMA 
19,110 

IJ.IV. 
2I.J-II.I7.-. 

J1.4.W.4BO 
900.77* 
2,464.1)08 
o.  103,727 

•  ">     1  .'  > 

>l.4.'7 

, 

..'.4»3 

:  T.  .      -• 

2«  49* 

.!.'    IIII 

$l.:W3.3»l 
17.14 

.      -•   . 
i 
i   •      ' 
2M  MO 

Rood  freight  

Suburban  passenger.  .  .  .  .'  

Yard  and  transfer  

TutaN    

I-1    II  14 

«r 

»  4  VI 

TABLE   CDXX.     ESTIMATED  REDUCTION   IN   OPERATING    EXPENSES   DUB  TO  ELECTRIFICATION* 

(Bind  on  the  Service  of  1911) 


System  of  Operation 
(All  Services) 

Number  of 
Locomotive- 
\;  • 
per  Annum 

Kiprrue  Under 
Affected  Account* 

Per  Loco.-        Total 

M!  -               i    .;- 

CenU       per  Annum 

•MM 

Ii,    •., 
• 

Total 
Kipemr 
pn  Annw 

Per  I^ro  - 

Mil.-. 

' 

1 

a 

• 

4 

6 

Steam  

24,241.474 
24.241,478 
24,241.475 

J  1  .  .-  1!  17 

4.-,    1IM 

:«)  :»44 

_•••  UM 

$1I).W»4.0«4 
8.442.29M 
7.3SS.771 
7.I40.49A 

600-volt  direct  current  third  rail  

i6  278 
14  7«l 

!-•,  "US 

S2.491.7M 

.  -  -       ..-. 

2.400-volt  direct  current  overhead  

1  1  ,000-volt  alternating  current  overhead  

•Attention  is  called  to  the  fact  that  the  gain  shown  in  this  table  as  being  due  to  electrification  relate!  only  to  operation  within  the 
truncation.     It  will  be  materially  reduced  by  the  added  expense  of  operation  beyond  the  limiu  of  electrification   (lection  305.15),  w 
necessary  to  permit  of  the  continuous  operation  of  the  roads  having  terminals  only  electrified. 


oeed  limiu  of  rlec- 
added  expense   u 


301.09  Labor  and  Materials  at  Transfer  Points 
for  Handling  Locomotives,  Supplying  Water,  In- 
specting Trains  and  Changing  Motive  Power: 

Under  the  plan  of  operation  which  must  follow 
the  electrification  of  Chicago's  railroad  terminals, 
it  will  be  necessary  to  stop  all  through  trains  at 
the  points  which  mark  the  limits  of  electric  opera- 
tion to  change  motive  power.  This  change  of 
motive  power  will  require  the  uncoupling  and 
coupling  of  the  locomotives,  the  inspection  and 
test  of  brakes,  and  other  operations  which  will 
necessitate  the  presence  of  several  attendants  at 
each  transfer  yard.  A  force  will  also  be  required 
at  the  roundhouse  to  handle  steam  locomotives. 
To  test  brakes  promptly  and  properly,  inspect 
trains  and  assist  in  coupling  and  uncoupling  loco- 
motives, a  force  of  three  men  on  duty  constantly 
will  be  required.  At  the  rates  now  paid  this  class 
of  labor,  one  of  these  men  will  receive  $0.25  per 
hour  and  two  will  receive  $0.225  per  hour  each, 
the  total  amounting  to  $o .  70  per  hour.  This 
item  of  expense  will  therefore  amount  to  $16.80 
per  transfer  station  per  day  or  to  $6,132  per 
transfer  station  per  annum.  A  careful  study  of 
operating  conditions  indicates  that  the  force 
which  will  be  required  at  13  of  the  proposed  new 
transfer  stations  may  be  transferred  from  other 
points  and  will  therefore  not  constitute  an  addi- 
tional expense.  For  the  remaining  17  new  trans- 


fer stations  a  new  force  will  be  necessary.  On  the 
basis  of  an  annual  expense  of  $6,132  per  station, 
the  total  annual  additional  expense  incident  to 
this  item  for  all  roads  will  amount  to  $104,244. 

The  cost  of  handling  steam  locomotives  operat- 
ing in  through  passenger  and  road  freight  services 
within  the  proposed  limits  of  electrification,  as 
indicated  by  reports  furnished  by  the  railroads, 
amounted  in  1912  to  $659,912  (section  301.05). 
This  amount  includes  the  cost  of  labor  and  of 
materials  required  in  cleaning  fires,  inspecting 
and  cleaning  locomotives,  washing  boilers,  kind- 
ling fires  and  preparing  steam  locomotives  for 
service.  The  cost  of  water  furnished  to  steam 
locomotives  in  these  two  services  during  1912, 
within  the  proposed  limits  of  electrification, 
amounted  to  $116,508  (section  301.05).  Assum- 
ing that  the  expense  of  performing  this  service  for 
through  passenger  and  road  freight  locomotives 
at  the  outside  steam  locomotive  terminals  will 
be  the  same  as  that  at  the  present  terminals 
within  the  proposed  limits  of  electrification,  the 
additional  expense  which  will  be  incurred  subse- 
quent to  electrification  in  the  operation  of  steam 
service  outside  of  the  proposed  limits  of  electri- 
fication will  amount  to  $776,420  per  annum. 

Under  present  steam  operation  there  are  cer- 
tain steam  locomotives  operating  in  yard  and 
transfer  services  which  are  housed  and  watered 
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at  points  within  the  proposed  limits  of  electrifi- 
cation but  which  perform  service  outside  of 
these  limits.  In  the  consideration  of  expenses 
within  the  proposed  limits  of  electrification 
(section  301.05),  this  item  of  expense  has  been 
eliminated.  Subsequent  to  electrification,  how- 
ever, these  steam  locomotives  will  be  housed  at 
convenient  points  outside  of  the  electric  limits, 
and  the  expense  of  housing  and  watering  them  will 
constitute  an  additional  expense  which  will  be 
incurred  in  steam  operation  outside  of  the  pro- 
posed limits.  A  study  of  the  operation  of  yard  and 
transfer  services  indicates  that  in  1912  there  were 
83  steam  yard  and  transfer  locomotives  which 
performed  service  outside  of  the  electric  limits  and 
were  cared  for  at  points  within  these  limits.  In 
1912  the  steam  engine  house  expense  incident  to 
yard  and  transfer  locomotives  within  the  proposed 
limits  of  electrification  amounted  to  $842.39  per 
locomotive  per  annum  for  handling  and  $182.24 
per  locomotive  per  annum  for  water.  On  this  basis 
the  expense  per  annum  for  handling  and  watering 
these  83  locomotives  will  amount  to  $85,044.  There 
will  be  the  additional  expense  of  maintaining  the 
new  trackage,  and  the  contact  system  and  bonding 
of  that  part  of  the  new  trackage  which  will  be  elec- 
trified. This  added  expense  has  not  been  included 
in  any  of  the  primary  accounts  for  operation  within 
the  limits  of  electrification.  The  estimated  added 
expense  due  to  this  factor  is  shown  by  the  following  : 


Total  miles  of  new  track        ........ 

Annual  expense  of  maintaining   new   tracks,   5   per 
cent  of  the  estimated  cost  per  mile  for  materials,  or 


338 


$"8,300 

Annual  cost  of  maintaining  contact  system  and  bond- 
ing 149.4  miles,  electrified,  at  $285  per  mile,  for 
the  2,400-volt  direct  current  system  .  .  4*,  579 

Total  additional  annual  maintenance  expense     .     $160,879 

A  summary  of  the  total  additional  annual  ex- 
pense of  labor  and  materials  at  transfer  points 
for  handling  steam  locomotives,  supplying  water, 
inspecting  trains  and  changing  motive  power  is 
presented  as  follows  : 

Labor  for  inspecting  trains  and  changing  motive 

power        ............ 

Handling  locomotives  in  through  passenger  and 

road  freight  services       ........ 

Water  for  locomotives  in  through  passenger  and 

road  freight  services       ........ 

Engine  house  expenses  incident  to  yard  and 

transfer  locomotives 


Maintenance 
bonding 

Total 


of   new    tracks',  contact  system  and 


PER    ANNUM 
$104,244 

659.9H 

116,508 

85.044 

•    160,879 
$1,126,587 


Some  increased  expense  will  arise  from  the 
necessity  of  carrying  a  larger  stock  of  supplies 
and  materials  to  cover  the  requirements  of  the 
new  transfer  stations.  It  is  difficult  to  estimate 
the  amount  of  such  expense,  and  for  purposes  of 
these  estimates  no  allowance  has  been  made  to 
cover  this  item. 

301.10  Expenses  of  Telegraph  and  Telephone 
Operation  at   the    Transfer    Stations:     A   force 
of  three  telegraph  and  telephone  operators  will 
be  required  at  each  of  17  new  transfer  stations. 
The  average  salary  of  an  operator  is  estimated 
at  $75.00  per  month.     The   additional  expense 
due  to  this  new  force  will,  therefore,  amount  to 
$45,900  per  annum  for  all  roads. 

301.11  Delay  and  Damage  Incident  to  Stops 
at  Transfer  Stations:     Under  electric  operation 
it  will  be  necessary  to  stop  all  through  passenger 
and  road  freight  trains  at  the  proposed  transfer 
stations.     Such   stops  are   not   necessary   under 
steam  operation,  and  the  introduction  of  them 
will    result    in    certain    delays    and    damage    to 
equipment  which  will  involve  an  added  operating 
expense. 

There  is  no  known  method  by  which  it  is 
possible  definitely  to  estimate  the  cost  of  stopping 
a  train,  changing  locomotives,  testing  brakes  and 
setting  the  train  in  motion  again.  Those  who 
have  studied  the  problem  agree  that  a  significant 
element  of  expense  exists,  due  to: 

1.  Loss  of  time  resulting  in  certain  instances 
in  overtime  for  train  crews. 

2.  Damage  to  equipment. 

3.  Extra  fuel  required  to  start  a  train. 

A  discussion  of  these  factors  with  a  number  of 
railroad  officials  brought  forth  different  views 
upon  the  subject  and  varying  estimates  of  the 
probable  expense  of  items  involved.  A  careful 
study  of  all  such  estimates  has  been  made  and, 
for  the  purposes  of  this  study,  the  unit  additional 
operating  expense  incident  to  damage  and  delay 
in  making  the  extra  stops  at  transfer  points  has 
been  fixed  as  follows: 

PER  STOP 

Passenger  trains $o.45 

Freight  trains i  •  28 

These  units  are  in  close  agreement  with  the 
averages  of  the  various  estimates  made  by 
railroad  officials.  In  1913  there  were,  on  the 
average,  704  passenger  trains  and  488  freight 
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trains  either  entering  or  leaving  Chicago  daily, 
which  would,  with  electric  operation,  be  required 
to  stop  at  transfer  stations.  On  this  basis, 
therefore,  the  additional  annual  expense  due 
to  this  factor  will  amount  to  $115,632  for 
passenger  trains  and  $227,994  for  freight  trains, 
or  a  total  of  $343,626. 

301.12  Summary:  The  additional  operating 
expenses  per  annum  incident  to  the  new  transfer 
stations  required,  so  far  as  it  has  been  prac- 
ticable to  estimate  them,  are,  on  the  basis  of  the 
service  requirements  of  1912,  as  follows: 

PER  ANNUM 

Increased  cost  of  handling  supplies $     30,000 

Handling  locomotives,  supplying  water,  inspecting 
trains  and  exchanging  motive  power,  and  main- 
taining tracks,  contact  system  and  bonding  .  .  1,126,587 

Telegraph  and  telephone  operation  at  transfer 
stations 45.9OO 

Delay  arid  damage  incident  to  stops  at  transfer 
stations 343,626 


Total 


$1,546,113 


EFFECT  OF   ELECTRIFICATION   ON   OPER- 
ATING EXPENSES  RESULTING  FROM 
THE  SHORTENING  OF  STEAM 
OPERATED  DIVISIONS 

301.13  The  Effect  of  Electrification  upon  the 
Length  of  Existing  Railroad  Divisions:  All  the 

lines  of  through  railroad  routes  are  subdivided 
into  operating  divisions.  Each  division  is,  in 
many  respects,  an  operating  unit.  Locomotives 
and  locomotive  crews  belonging  to  one  division 
do  not,  in  the  ordinary  routine  of  operation, 
appear  in  the  activities  of  other  divisions.  The 
length  of  divisions  is  determined  generally  with 
reference  to  conditions  affecting  operation;  that 
is,  they  are  as  long  as  can  be  effectively  operated. 
Any  arbitrary  change  in  the  length  of  an  operating 
division  will  necessitate  changes  in  the  manner 
in  which  operation  proceeds,  and  generally  such 
changes  will  introduce  changes  in  the  expense  of 
conducting  operation. 

The  electrification  of  the  railroad  terminals  of 
Chicago  will  have  the  effect  of  dividing  existing 
steam  operated  divisions  into  two  parts;  it  will 
make  two  operating  divisions  where  at  present  a 
single  division  suffices.  Those  portions  of  the 
present  steam  operated  divisions  which  lie  within 
the  city  of  Chicago  and  its  immediate  vicinity  will 
constitute  electrically  operated  divisions.  The  re- 
maining portions  will  continue  as  steam  operated 


divisions.  The  effect  upon  the  operating  expenses 
of  the  electrified  division  is  set  forth  in  the  preced- 
ing analyses  of  expenses  by  accounts.  It  is  the 
present  purpose  to  consider  the  manner  and  ex- 
tent to  which  the  arbitrary  shortening  of  the 
steam  operated  divisions  of  the  several  roads  will 
affect  the  expense  of  the  steam  operation  which 
must  continue  subsequent  to  electrification. 

301.14  Details  of  the  Changes  as  Affecting 
Individual  Roads:  Under  the  present  conditions 
of  steam  operation,  the  average  distance  between 
the  Chicago  terminals  and  the  first  division  point 
outside  of  Chicago  is  136  miles.  This  distance 
between  division  terminals  will  be  shortened, 
on  the  average,  by  approximately  ten  miles 
as  a  result  of  electrification.  The  extent  to 
which  the  proposed  changes  will  affect  individual 
roads  is  shown  by  table  CDXXI,  in  which 
are  given  the  present  length  of  the  divisions 
terminating  in  Chicago  of  14  of  the  principal 
roads  and  the  length  of  the  steam  operated  divi- 
sions of  these  roads  as  they  will  exist  after  the 
electrification  of  the  Chicago  terminals. 

The  distances  given  in  table  CDXXI  are  based 
upon  the  present  and  proposed  runs  of  through 
passenger  and  road  freight  locomotives  in  all  cases 
except  that  of  the  Chicago,  Rock  Island  &  Pacific 
Railway.  On  this  road  Joliet,  111.,  is  at  present 
a  terminal  point  for  eight  daily  passenger  trains 
which  are  handled  by  four  different  locomotives. 
Each  of  these  locomotives  is  at  present  used  to 
protect  two  suburban  passenger  schedules  be- 
tween La  Salle  Station  and  Burr  Oak  before 
being  needed  for  the  Joliet  return  schedule. 

It  will  be  noted  that  some  roads  are  affected 
by  the  proposed  change  to  a  greater  degree  than 
others.  Several  roads  having  a  number  of  so- 
called  local  passenger  trains,  which  have  their 
origin  or  destination  at  points  between  the  reg- 
ularly established  locomotive  terminals  or  divis- 
ion points  applying  to  their  through  passenger 
and  road  freight  services,  will  be  materially 
affected  by  the  shortening  of  the  steam  loco- 
motive run.  These  local  trains  cover  a  distance 
of  less  than  100  miles,  but  the  schedules  are  so 
arranged  that  the  crews  operating  the  trains  may 
protect  two  schedules  and  in  this  way  avoid  short 
mileage  for  a  day's  work.  Any  plan,  however, 
under  which  these  locomotives  will  be  cut  off  at 
the  point  which  marks  the  outer  limits  of  elec- 
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trification,  must  necessarily  reduce  the  length  of 
run  for  such  locomotives  to  a  point  below  the  limit 
of  100  miles. 

301.15  Additional  Constructive  Mileage  to 
Steam  Locomotive  Crews  Due  to  Shortening  of 
the  Steam  Operated  Divisions:  The  fact  has 
already  been  noted  that,  under  present  labor 
agreements,  the  minimum  day's  work  for  loco- 
motive crews  is  100  miles,  or  10  consecutive  hours 
of  service,  and  payment  must  be  made  for  this 
minimum  day  whether  the  service  is  performed 
or  not.  Consequently,  any  reduction  in  the 
length  of  the  run  of  a  locomotive  will  result 
in  loss  to  the  railroad  whenever  the  distance 
traveled  is  less  than  100  miles  and  schedules 
cannot  be  readjusted  to  permit  individual  train 
crews  to  protect  another  run  within  10  hours 
from  the  time  the  initial  trip  was  begun. 

The  manner  in  which  the  shortening  of  runs 
under  the  proposed  plan  of  electric  operation  will 
result  in  increased  operating  expenses  to  many  of 
the  railroads  affected  is  shown  by  the  following 
example.  One  of  Chicago's  railroads  now  oper- 
ates locomotives  in  road  freight  service  between 
a  freight  terminal  in  Chicago  and  a  point  94 
miles  distant.  The  average  speed  of  road  freight 


trains  while  in  service,  from  start  to  final  stop, 
is  9.4  miles  per  hour.  The  average  time  required 
to  make  this  trip  is,  therefore,  10  hours,  for 
which  the  crew  is  paid  on  the  basis  of  100  miles. 
If  the  distance  run  were  actually  100  miles  and 
the  time  consumed  10  hours,  the  crew  would  be 
paid  the  same  as  they  are  now  paid  for  94  miles. 
This  railroad  now  pays  each  road  freight  crew 
for  6  constructive  miles,  that  is,  for  6  miles  more 
than  are  actually  run.  This  represents  a  loss 
over  minimum  labor  costs  of  6  per  cent.  Under 
electrification  the  division  for  steam  operation 
will  be  shortened  to  71  miles  and  the  run  will 
require  an  average  of  7.6  hours.  This  will  leave 
only  2.4  hours  in  which  to  start  the  crew  again  on 
another  run.  This  can  be  accomplished  in  so  few 
instances  that  the  possibility  of  overcoming  the 
loss  is  remote.  The  loss  due  to  this  factor  will, 
therefore,  be  29  miles  instead  of  6  miles  as  at 
present.  The  rate  of  loss  represented  by  the 
combined  pay  of  the  engineer  and  fireman  will,  in 
this  instance,  be  $.095  per  mile  or  $2.755  per 
train.  The  road  in  question  operates  an  average 
of  25  road  freight  trains  daily,  so  that  the  loss  per 
day  on  the  operation  of  road  freight  trains  will 
be  $68.88  and  the-  loss  per  year  $25,141.  In 
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through  passenger  service  the  rate  of  loss  is  $.075 
per  mile  and  in  the  case  of  this  road  the  loss  will 
be  29  miles,  or  $2.175  per  train.  Thirty-eight 
passenger  trains  are  operated  daily  and  the  loss 
in  passenger  service  will  therefore  be  $82.65 
per  day,  or  $30, 167  per  year.  The  total  loss  due  to 
shortening  of  runs  in  the  case  of  this  road  will 
amount  to  $55,308  per  year. 

The  schedules  and  operating  conditions  on  each 
railroad  have  been  carefully  studied  in  a  manner 
similar  to  that  which  is  illustrated  in  the  fore- 
going example.  In  the  case  of  some  roads  it 
has  been  feasible  to  base  the  estimates  upon  the 
possibility  of  doubling  the  number  of  runs  or 
protecting  additional  schedules  in  other  ways 
with  a  single  crew.  All  schedules  have  been 
studied  in  order  that  due  allowance  might  be 
given  to  all  such  possible  arrangements.  On  the 
basis  described,  the  estimated  annual  expense 
which  will  be  added  for  the  operation  of  the 
steam  operated  divisions,  due  to  the  shortening 
of  these  divisions  as  a  result  of  the  introduction 
of  electric  operation,  will  be  $450,000. 

SUMMARY  OF  THE  EFFECTS  OF  ELECTRI- 
FICATION UPON  OPERATING  EXPENSES 
301.16    Estimate  of  the  Net  Operating  Result 
of  Electrification,  on  the  Basis  of  1912:     As  set 

forth  in  the  preceding  sections,  it  has  been  shown 
that  the  introduction  of  electric  operation  in 
Chicago's  railroad  terminals  will  result  in  changes 
in  operating  expenses  which  will  become  apparent 
in  three  ways,  as  follows: 

1.  It  will  reduce  the  expense  of  railroad  opera- 
tion within  the  proposed  limits  of  electrification. 

2.  It  will  result  in  the  addition  of  certain  factors 
of  expense  incident  to  the  operation  of  the  pro- 
posed new  transfer  stations. 


3.  It  will  increase  the  expense  of  strain  op- 
tion of  divisions  immediately  out  ,ul<- 1  In-  proposed 
limits  of  electrification. 

The  net  effect  of  these  changes  is  different  for 
each  of  the  three  systems  of  electric  traction 
for  which  estimates  have  been  prepared.  All 
estimates  have  been  based  upon  the  assumption 
that  the  railroads  will  operate  jointly  such 
facilities  a.s  the  power  station,  substations  and 
transmission  lines,  and  that  they  will,  to  some 
extent,  use  jointly  such  equipment  as  patrol 
trains,  work  and  inspection  trains  and,  in  the 
case  of  the  third  rail  system,  special  cars  for 
removing  snow  and  ice.  On  this  basis  the  net 
effect  upon  operating  expenses  of  the  introduction 
of  each  of  the  three  systems  of  electric  traction 
may  be  summarized  as  shown  by  table  CDXXII. 

As  has  been  stated,  these  estimates  do  not  take 
into  consideration  the  effect  of  electrification  upon 
the  charges  incident  to  depreciation  of  structures 

TABLE    CDXXIII.     ESTIMATED    NET    OPERATING    RESULT    OP 

ELECTRIFICATION   OP   CHICAGO'S  RAILROAD 

TERMINALS,  ALL  ROADS* 

(Basis  of  1922) 


All  Service* 

Increase  in 

Operating  Ex- 

;..    •            -      i    !       .       - 

Expense   under 

the  New 

Affected  Ac- 

Transfer Sta- 

Net De- 

System of  Traction 

counts  for 
Operation 
within  the 
Proposajd 
Limits  of 
Electrification 

tions  and  to 
the  Reduced 
Length  of 
Steam  Oper- 
ated Divisions 
Itnmedintely 

crease  as 
Compared 
with  the 
Cost  of 
Steam 
Operation 

beyond  the 

Limits  of 

Electrification 

1 

3 

3 

4 

Steam  .  .  . 

S14.  214,283 

1  1  .OOO-volt  A.  C.  overhead  .  .  . 
2.400-volt  D.  C.  overhead  

9,282,644 
9,562,502 

S2.594.947 
2,594.947 

S2.336.6OT 

600-volt  D.  C.  third  rail  

Iip'i-i  9x7 

2.594.947 

044.340 

*  The  determinations  of  the  Committee  as  summarized  by  the  values  set 
forth  in  this  table  do  not  provide  a  basis  upon  which  the  percentage  of  saving 
in  operating  expenses  due  to  electrification  may  be  ascertained.  The  items 
considered  in  this  report  include  only  those  which  will  be  affected  by  the  pro- 
posed change  from  steam  to  electric  operation.  The  total  expense  either  for 
steam  or  for  electric  operation  has  not  been  determined. 


TABLE  CDXXII.     ESTIMATED  NET  OPERATING  RESULT  OF  ELECTRIFICATION  OF  CHICAGO'S  RAILROAD  TERMINALS,  ALL  ROADS 

(Basis  of  1913) 


All  Services 

System  of  Traction 

Total 
Number  of 
Locomotive- 
Miles 
per 
Annum 
1912 

Expense  under 
Affected  Account* 
for  Operation  within 
the  Proposed  Limits  of 
Electrification 

Expense* 
Incident  to 
the  Operation 
ofEew 
Transfer 
Stations 

Additional 
Expense  of 
Opt-  rating 
Steam 
Divisions 
Immediately 
beyond  the 
Limits  of 
Electrifi- 
cation 

H 

Estimated 
Net  Decrease 
in  Operating 
Expense* 
which  will 
Result  from 
U» 
Introduction 
of  Electric 
Operation 

Cent*  per 
Loco.-Mile 

Total 
Expense* 
per  Annum 

1 

-' 

3 

4 

6 

Steam  

JI.JI1.I7., 
24,241,475 
24.241,475 

J  1  J  1  1    17  • 

45.104 
29.456 
30  344 
34.  8W 

110.934.064 
7.140.495 
7.355.771 

s  ,,j  m 

11,  OOO-volt  alternating  current  overhead. 

Sl.546,113 
1.S46.113 

I..VII    11.1 

S450.000 
450.000 
450.000 

SI.797.4M 

1  .  -.v.'.  180 
495.653 

2,400-voh  direct  current  overhead  ... 

600-volt  direct  current  third  rail  

*  See  note  under  table  CDXXIII. 
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and  equipment  nor  upon  those  incident  to  interest 
on  the  investment  required.  These  factors  are 
elsewhere  considered  (chapter  401). 

301.17  Estimate  of  the  Net  Operating  Result 
of  Electrification,  on  the  Basis  of  1922:  The 
estimates  of  the  net  effect  of  the  electrification 
of  Chicago's  railroad  terminals  upon  operating 


expenses  have  been  extended  in  a  manner  normal 
to  these  estimates  (section  212.09),  the  factor  of 
extension  in  this  case  being,  to  cover  growth 
from  1912  to  1922,  30  per  cent.  On  this  basis 
the  estimated  net  operating  results  which  may  be 
expected  upon  completion  of  the  electric  installa- 
tion in  1922  are  as  set  forth  in  table  CDXXIII. 


302.    RESULTS  TO  BE  ANTICIPATED  FROM  ELECTRIFICATION, 
THE  VALUE  OF  WHICH  IS  INDETERMINATE 


SYNOPSIS:  The  electrification  of  Chicago's  railroad  terminals  will  bring  about  certain 
changes,  the  money  value  of  which  is  indeterminate.  Some  of  these  will  appear  in  the  nature  of 
•direct  benefits  to  the  railroads;  others  will  make  possible  supplemental  procedures  of  a  profitable 
character;  and  still  others  may  prove  detrimental  to  the  interests  of  the  railroads.  This  chapter 
presents  a  discussion  of  these  indeterminate  results. 


302.01  Character  of  Indeterminate  Results: 

In  the  preceding  chapter  have  been  presented  a 
discussion  and  analysis  of  the  operating  results 
to  be  anticipated  from  electrification  as  effecting 
a  reduction  in  the  expense  of  operation.  In 
addition  to  these  economies  other  effects  of 
importance  will  apptear.  Some  of  these  are 
obviously  in  the  nature  of  benefits  and,  although 
their  definite  money  value  cannot  be  ascertained, 
a  consideration  of  them  must  be  included  in  any 
estimate  of  the  return  which  is  to  be  derived  from 
electrification.  Other  effects  will  appear  which 
may  or  may  not  be  beneficial  to  the  interests  of 
the  railroads,  and  still  others  which  may  be 
beneficial  only  in  so  far  as  they  may  permit 
supplemental  procedures  of  a  profitable  character. 
To  the  more  important  of  these  indeterminate 
results,  whether  beneficial  or  otherwise,  attention 
is  given  in  the  sections  which  follow. 

302.02  Increased  Capacity  of  the  Terminals: 
Electric  operation  of  the  railroad  terminals  of 
Chicago,  when  compared  with  steam  operation, 
will  permit  some  increase  in  capacity  due  to  the 
greater   celerity   with   which   the   movement   of 
trains  may  proceed.     This  being  the  case,  there 
may  be  more  movements  over  a  given  trackage 
per  unit  of  time,  with  a  resulting  increase  in  the 
capacity  of  tracks  and  terminal  stations. 

In  the  designs  of  electric  locomotives  which 
underlie  estimates  of  cost,  an  effort  has  been  made 
to  secure  power  units  which  will  be  capable  of 
performing  the  service  now  performed  by  steam 
locomotives.  A  precautionary  margin  of  five  per 
«ent  has  been  allowed  as  a  factor  of  safety,  the 
assumption  being  that  the  electric  equipment 
thus  provided  will  perform  all  service  now  per- 
formed by  the  steam  locomotive.  But  even  under 


this  assumption  the  electric  locomotive  has  some 
advantage  over  the  steam  locomotive  in  starting 
and  in  accelerating  trains.  The  power  resources 
behind  the  electric  locomotive  are  practically 
unlimited  and  permit  the  utilization  of  the  max- 
imum tractive  effort  of  the  locomotive  through- 
out the  start,  with  the  result  that  acceleration 
takes  place  in  less  time  than  is  now  required 
with  steam.  This,  where  speed  restrictions  per- 
mit, will  tend  to  increase  slightly  the  capacity 
of  a  terminal  station  by  lessening  the  amount  of 
time  required  to  move  trains  out  through  the 
throat  of  the  yard.  Similarly,  in  yard  service, 
while  the  maximum  speed  must  be  limited  and 
while  conditions  of  operation  require  the  observ- 
ance of  a  certain  order  of  movements,  the  fact 
that  each  movement  as  it  occurs  can  be  attended 
by  a  higher  rate  of  acceleration  will  contribute 
some  increase  in  the  rate  at  which  the  work  may 
be  accomplished. 

The  electric  locomotive  is  more  effective  than 
the  steam  locomotive  in  meeting  the  require- 
ments of  uninterrupted  service.  The  attention 
required  by  the  electric  locomotive  is  limited  to 
brief  inspection  periods,  which  occur  at  compar- 
atively infrequent  intervals.  The  electric  loco- 
motive wastes  no  time  in  taking  on  coal  or  water: 
it  has  no  fires  to  be  renewed,  and  no  ash-pans 
to  be  cleaned.  Hence  the  time  during  which  it 
occupies  trackage  without  performing  productive 
service  is  materially  reduced  as  compared  with 
that  required  by  the  steam  locomotive.  Nor- 
mally, the  electric  locomotive  has  no  dead  mileage 
to  make,  it  is  always  ready  for  service,  it  is  never 
"short  of  steam"  and  in  winter  it  is  not  delayed 
by  weather  conditions.  This  increased  efficiency 
cannot  but  operate  favorably  in  increasing  both 
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the  capacity  of  existing  tracks  and  the  service- 
ability of  existing  equipment  in  all  branches  of  the 
operating  service. 

The  preceding  statements  apply  to  the  move- 
ment of  cars  by  locomotives.  While  electrifica- 
tion will,  as  stated,  increase  efficiency  in  the  move- 
ment of  locomotive  drawn  trains,  it  is  through 
the  introduction  of  multiple-unit  equipment  in 
suburban  passenger  service  that  electric  traction 
will  make  its  greatest  contribution  to  increased 
capacity  of  terminals.  This  is  due  to  three  facts : 

i .  Multiple-unit  trains  arc  higher  powered  than 
are  trains  drawn  by  locomotives;  the  motors  are 
applied  to  a  greater  number  of  wheels,  and  the 
resulting  rate  of  acceleration  of  a  motor  car 
train  is  much  higher  than  that  of  a  train  hauled 
by  a  locomotive,  whether  steam  or  electric.  This 
difference  gives  the  multiple-unit  train  a  material 
advantage  over  a  steam  operated  train,  regardless 
of  the  character  of  the  track  it  may  chance  to 
occupy. 

a.  In  terminal  stations  the  idle  car  movements 
in  and  out  are  reduced  in  number.  Thus,  in 
multiple-unit  service,  some  of  the  trains  arriving 
at  the  terminal  station  may  at  once  be  reloaded 
for  departure.  Even  if  the  arriving  train  is  to  be 
switched  to  the  yard,  no  locomotive  is  required, 
the  train  moving  at  once  to  its  designated  place 
by  means  of  its  own  power.  The  simplicity  of 
such  operations  compared  with  those  that  must 
be  performed  where  trains  of  cars  are  made  up, 
in  and  out  of  stations,  by  steam  locomotives  is 
at  once  apparent.* 

3.  The  more  perfect  control  under  which 
multiple-unit  trains  may  proceed  permits  their 
operation  on  the  road  with  less  headway  than 
trains  drawn  by  locomotives,  t 

These  effects  serve  to  increase  the  capacity  of 
trackage  and  the  service  to  be  obtained  from 
equipment  using  it.  They  are  susceptible  of 
either  one  of  two  interpretations: 

1.  In  locations  where  operation  under  present 
conditions  is  congested,  the  increase  in  capacity 
gives  relief  and  affords  opportunities  for  improve- 
ments in  service,  a  result  which  has  a  distinct  and 
immediate  value;  or, 

2.  In  locations  where  at  present  there  is  no 
congestion  of  traffic,   the  increase  in  capacity 
constitutes  in  effect  an  enlargement  of  existing 
facilities  and  by  so  doing  postpones  the  day 
when  additional  facilities  will  need  to  be  provided. 
In  this  case  the  benefit  in  its  effect  on  terminal 
capacity  is  remote. 

*"  *  The  Pennsylvania  Railroad  has  entered  upon  electrification  of  the  Broad 
Street  Terminal,  Philadelphia,  on  the  assumption  that  it  will  be  able  to  handle, 
in  multiple-unit  trains  during  the  rush  hours,  20  per  cent  more  cars  on  a  given 
trackage,  in  and  out  of  the  station,  than  can  now  be  handled  in  trains  drawn 
by  steam  locomotives. 

t  Mr.  J.  A.  McCrea,  New  York  Railroad  Club,  March  17.  1911. 


It  may  be  concluded  from  the  preceding  dis- 
cussion that  the  extent  to  which  electrification 
will  increase  the  capacity  of  terminal  tracks  and 
stations  will  depend  upon  many  conditions.  It 
will  doubtless  be  measurable  in  all  branches  of 
the  service,  but  it  will  be  most  significant  in  its 
effect  upon  that  portion  of  the  total  service,  now 
performed  by  steam,  which  under  electrification 
can  be  performed  by  multiple-unit  equipment. 

302.03  Reliability  of  Electric  Service:  Expe- 
rience has  shown  that  delays  arising  from  derange- 
ments or  deficiencies  of  motive  power  occur  less 
frequently  in  connection  with  electric  operation 
than  with  steam  operation.  Data  relating  to  the 
electric  operation  of  the  New  York,  New  Haven  & 
Hartford  Railroad*  indicate  that  the  number  of 
locomotive  failures  under  electric  operation  is  9 
per  100,000  locomotive-miles,  while  under  steam 
operation  the  number  of  such  failures  is  21  per 
100,000  locomotive-miles.  ,On  this  basis,  the  num- 
ber of  failures  under  steam  operation  is  2^  times 
as  great  as  under  electric  operation.  It  is  further 
reported  of  this  road  that  "the  high  record  of  1910 
shows  91  per  cent  of  its  trains  on  time  with  an 
average  delay  of  i .  5  minutes.  A  large  portion 
of  the  train  service  of  this  line  is,  of  course,  the 
suburban  service  into  New  York,  which  is  handled 
electrically,  and  the  above  record  indicates  the 
reliability  of  that  service.  The  same  favorable 
result  is  shown  by  the  electrically  operated  subur- 
ban trains  on  the  New  York  Central. "t  Experi- 
ence on  the  Long  Island  Railroad,  which,  it  will 
be  remembered,  presents  a  network  of  track 
carrying  multiple-unit  equipment,  shows  that, 
"relative  to  regularity  and  reliability,  in  five 
years  there  has  been  but  one  serious  delay  to  the 
electric  operation  on  Long  Island,  which  was  due 
entirely  to  something  over  which  we  have  no 
control,  and  the  same  sort  of  an  accident  might 
have  crippled  steam  service. "t 

In  the  month  of  November,  1909,  the  electric 
locomotives  of  the  New  Haven  road  are  reported  to 
have  run  22,000  miles  for  each  minute's  delay,  and 
it  is  also  reported  that  5,000  train-miles  a  day 
were  frequently  run  without  a  second's  delay.1 

'Paper  by  W.  S.  Murray.  Electrical  Engineer,  New  York.  New  Haven  & 
Hartford  Railroad,  presented  before  the  American  Institute  of  Electrical 
Engineers.  June,  ion. 

t  Report  of  the  Public  Service  Commission  of  the  Second  District  of  the 
State  of  New  York,  1911. 

t  Mr.  J.  A.  McCrea,  in  a  paper  entitled  "  Note*  on  Electrification  of  the  Long 
Island  Railroad."  New  York  Railroad  Club,  March  17,  191:. 

^  Mr.  W.  S.  Murray  in  a  paper  before  the  New  York  Railroad  Club.  March 
17.  1911. 


INDETERMINATE  RESULTS  OF  ELECTRIFICATION 


!".•  , 


In  an  address  before  the  New  York  Railroad 
Club  at  its  meeting  of  March  15,  191  a,  Mr. 
George  Gibbs  gave  some  results  of  electric 
operation  on  the  Long  Island  Railroad  for  the 
yrur  IQII.  Among  these  are  the  following: 

Train-mileage 8,388,524 

Car-mileage 8,608,300 

Number  of  failures  on  trains,  mechanical  and  electri- 
cal, causing  detentions 269 

Number  of  trains  detained 302 

Total  time  of  train  detentions  (minutes)    ....  2,824 

Average  time  of  train  detentions  per  train  (minutes)  •        9-37 

Train-miles  per  detention 7,900 

Car-miles  per  detention 28,500 

Approximate  average  elapsed  time  between  detentions 

(hours) 29 

Mr.  Gibbs  also  called  attention  to  the  fact  that 
these  figures,  compared  with  those  of  a  period 
three  years  earlier,  served  to  establish  the  con- 
stancy of  operating  characteristics.  Thus,  in  a 
total  car  mileage  which  has  nearly  doubled,  the 
total  number  of  failures  has  greatly  decreased 
and  the  train  mileage  between  failures  has  nearly 
tripled. 

In  this  same  address  Mr.  Gibbs  presented  the 
following  detailed  statement  with  respect  to  the 
New  York  terminal  division  of  the  Pennsylvania 
Railroad,  which  operates  electrically: 

LOCOMOTIVE   AND  TRAIN   MOVEMENTS  AND  MILEAGE 

Number  of  locomotive  movements  to  and  from  station  103,982 

Average  locomotive  train  movements  per  day     .      .      .  242 

Average  multiple-unit  train  movements  per  day.      .      .  188 

Average  total  number  of  train  movements  per  day  .      .  430 

Average  cars  handled  per  day  (locomotive)    ....  1,545 

Average  cars  handled  per  day  (multiple-unit)      .     .      .  562 

Total  locomotive  mileage  for  the  year 909,238 

Average  mileage  per  locomotive 25,975 

Maximum  mileage  for  one  locomotive 56,000 

LOCOMOTIVE  FAILURES  AND   DETENTIONS* 

MECHAN-    ELEC- 

ICAL      TRICAL        MAN    TOTAL 

Number  of  failures       ...  3  1 1  2  16 

Number  of  trains  detained     .  3  19  4  26 

Total  time  of  train  detentions 

due  to  failures  (minutes)     .  10  134  33  177 

Locomotive-miles  per  detention  303,000   47,850   227,300   35,000 

Average    time    of    detention 

(minutes) 3.3  7.0  8.2  6.8 

Average    time   between    deten- 
tions (days) 122  33  183  23 

MULTIPLE-UNIT  FAILURES   ON   TERMINAL   DIVISION 

Number  of  failures  in  multiple-unit  service  for  the  year 

1911  on  terminal  division 3 

Number  of  trains  detained  by  above 3 

Total  time  of  multiple-unit  train  detentions  (minutes)  27 

Multiple-unit  train  mileage 296,064 

*  These  figures  are  all  based  upon  locomotive  mileage  (revenue  and  light). 


atlcs  per  detention 98,600 

Tr.-iin-milua  [XT  minute  of  <!•  11,000 

"In  the  above,  'mechanical'  failures  arc  those 
occurring  in  the  running  gear  of  the  locomotives, 
'electrical,'  those  in  electric  apparatus,  and  'man,' 
those  due  to  negligence  of  the  locomotive  crews. 
The  total  failures  for  the  year,  in  a  locomotive 
service  of  over  900,000  miles  run,  is  seen  to  be  16 
only,  and  the  number  of  trains  detained  by  these 
failures,  26,  resulting  in  an  average  time  between 
failures  of  23  days,  while  locomotive-miles  run 
per  failure  is  35,000.  The  detentions  over  the 
division  in  multiple-unit  service  were  practically 
nil,  amounting  to  three  only,  with  a  train  mile- 
age between  detentions  of  almost  100,000.  All 
of  these  figures  show  very  satisfactory  operating 
results 

"The  record  of  detentions  in  the  multiple-unit 
service  on  the  terminal  division  should  not,  how- 
ever, be  used  as  a  basis  for  expected  results  of 
such  service  on  the  complicated  network  of  lines 
of  the  Long  Island  Railroad.  The  terminal  divi- 
sion multiple-unit  runs  are  for  an  originating  and 
terminating  service  on  a  short  stretch  of  track 
over  which  no  stop  is  involved.  On  the  Long 
Island  Railroad,  on  the  other  hand,  we  encounter 
all  the  elements  of  long  runs  on  a  surface  railroad 
having  a  dense  traffic  and  an  exacting  schedule. 
Trivial  defects  even  may  and  frequently  do  cause 
delays  which  affect  several  following  trains.  But 
the  figures  submitted  show  very  satisfactory  per- 
formance for  service  conducted  under  average 
steam  railroad  conditions,  "t 

The  records  of  the  New  York  Central  &  Hudson 
River  Railroad  show  the  delays  to  the  electric 
service  on  that  road  as  follows  :t 

Electric  locomotives  occasioned   .      .       337  train-minute  delays 
Multiple-unit  cars  occasioned       .     .     1, 1 06  train-minute  delays 
Electric  locomotives  performed  about  3,800  miles  per  one  min- 
ute detention 

Multiple-unit  cars  performed  about  5,700  miles  per  one  min- 
ute detention  for  electrical  delays 

Multiple-unit  cars  performed  about  9,600  miles   per  one  min- 
ute detention  for  mechanical  delays 

The  average  number  of  miles  per  minute  of 
delay  from  all  causes  attributable  to  electric 
operation  was  1,200. 

The  following  statement  regarding  the  relia- 
bility of  electric  operation  on  the  New  York 
Central  &  Hudson  River  Railroad  is  pertinent: 

t  Mr.  George  Gibbs.  before  New  York  Railroad  Club.  March  15,  ion. 
t  Discussion  by  Mr.  E.  B.  Katte.  meeting  of  New  York  Railroad  Club. 
March  IS.  1911. 
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"During  the  last  year  (1912),  electricity  estab- 
lished for  itself  a  new  record  for  reliability  on  the 
New  York  Central.  Electric  locomotives  per- 
formed over  4,700  miles  per  minute  detention 
and  the  multiple-unit  cars  over  11,000  miles  per 
electrical  detention  and  over  12,000  miles  per 
mechanical  delay.  Including  all  delays  charge- 
able to  electric  operation,  the  average  miles  per- 
formed per  one  minute  detention  was  4,860  miles 
as  compared  with  1,200  miles  in  1911  and  1,785 
miles  in  1910."* 

An  article  presenting  a  detailed  statement  of 
detentions  to  electric  train  service  on  the  West 
Jersey  &  Seashore  Railroad,  for  the  year  1912,! 
shows  "that  of  the  total  number  of  train  deten- 
tions but  7.478  per  cent  were  caused  by  motive 
power  failures.  Of  this  percentage,  4-057  per 
cent  of  the  detentions  were  caused  by  failure  of 
train  equipment.  This  statement  comprises  both 
mechanical  and  electrical  failures  of  train  equip- 
ment. 

"Omitting  the  failures  of  train  equipment  from 
total  motive  power  failures,  it  appears  that  3.421 
per  cent  of  the  total  number  ot  detentions  is 
caused  by  interruptions  to  service  due  to  power 
plant,  substations  and  transmission  lines,  result- 
ing in  5.925  per  cent  of  the  total  number  of 
train-minute  detentions.  This  record  attests  the 
reliability  of  the  electric  system,  the  total  number 
of  failures  due  to  this  equipment  being  exceeded 
by  those  due  to  baggage,  express  and  mail  delays, 
heavy  travel,  train  connections,  traffic  ahead, 
held  at  signal,  picking  up  cars,  and  signal  failures." 

302.04  Conclusions  with  Reference  to  Com- 
parative Reliability  of  Steam  and  of  Electric  Ser- 
vice :    Based  upon  available  information  and  upon 
the  experience  of  those  who  are  familiar  with  the 
operation  of  electric  traction  under  steam  railroad 
conditions,  it  is  apparent  that  reliability  of  service 
is  greater  in  electric  operation  than  in  steam  opera- 
tion.    Increased  reliability  of  service,  therefore, 
is  to  be  accepted  as  one  of  the  benefits  which  will 
accrue  to  steam  roads  when  electrified.     What 
this  benefit  is  worth  to  the  railroad  securing  it 
must  for  the  present  remain  indeterminate. 

302.05  Possible    Return    through    Intensive 
Use  of  Railroad  Property:  The  fact  that  smoke 
from  steam  locomotives  will  disappear,  when  the 

*Mr.  E.  B.  Katte,  meeting  of  New  York  Railroad  Club.  March  31.  1913. 
t  Mr.  B.  F.  Wood.  General  Electric  Review  for  November,  1913. 


service  is  electrified,  suggests  the  possibility  of 
utilizing  space  over  tracks  for  buildings  and  other 
purposes.  It  has  been  urged  that  in  Chicago 
much  of  the  expense  of  electrification  could  be 
returned  to  the  railroad  companies  through  the 
more  intensive  use  of  the  properties  they  now 
hold;  that  the  rights-of-way  which  are  now  occu- 
pied only  by  railroad  tracks  might  also  constitute 
the  site  of  extensive  buildings  to  be  erected  over 
the  railroad  tracks.  The  fact  that  a  great  rail- 
road company  in  another  city  has  found  it  possible 
to  erect  certain  structures  over  its  right-of-way 
has  done  much  to  stimulate  interest  in  this  phase 
of  the  electrification  problem  as  it  affects  the 
situation  in  Chicago. 

The  possibilities  of  such  a  development  must, 
of  course,  be  at  once  admitted.  From  a  technical 
point  of  view  all  of  the  tracks  within  the  city  of 
Chicago  might  be  covered  and  many  activities 
incident  to  the  commercial  and  industrial  life  of 
the  city  could  be  provided  for  in  structures  erected 
above  them.  But  the  proposal  presents  limita- 
tions which  should  be  noted : 

1 .  The  fact  should  be  recognized  that  the  only 
asset  which  is  assumed  to  underlie  such  a  pro- 
cedure is  the  land  value  involved. 

2.  The  possibility  of  erecting  buildings  over  the 
right-of-way  of  a  railroad  company  suggests  a 
source  of  income  to  be  had  without  cost,  but  the 
return  must  carry  an  investment  as  great  as  that 
involved  in  other  similar  buildings,  with  the  land 
value  omitted. 

The  land,  moreover,  is  not  free  for  purposes  of 
intensive  use,  because  its  occupancy  by  the  rail- 
road requires  the  development  of  a  substructure 
between  foundation  supports,  and  the  limits  of 
clearance  required  for  railroad  operation  must 
be  regarded  in  the  erection  of  the  building.  Ob- 
viously, the  return  to  the  railroad  from  such  a 
source  is  limited  by  the  cost  of  preparing  the  right- 
of-way  for  the  reception  of  the  proposed  buildings; 
by  the  value  to  the  railroad  company  of  having 
its  operation  open  to  the  air  and  sunlight;  by  the 
value  to  the  railroad  company  of  having  inter- 
track  spaces  unobstructed  by  building  columns; 
and  by  the  cost  of  other  real  estate  in  the  imme- 
diate vicinity  which  might  serve  all  the  purposes 
which  could  be  met  through  the  intensive  use  of 
the  railroad  property.  Only  in  cases  where  other 
land  adjacent  to  the  railroad  possesses  a  very 
high  value  could  the  company  afford  to  sacrifice 
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the  advantage  of  open-air  operation  and  be  at 
the  expense  of  preparing  foundations  and  sub- 
structure on  which  to  erect  buildings  over  its 
track,  assuming  the  motive  behind  such  a  pro- 
cedure to  be  the  expectation  of  gain  of  revenues 
to  be  derived  from  buildings  thus  constructed. 

Nearly  half  of  the  track  mileage  comprehended 
by  the  Committee's  plan  of  electrification  lies 
in  switching  yards,  and  most  of  these  are  on 
the  outskirts  of  the  city.  Land  values  in  these 
localities  have  not  yet  reached  a  point  which  will 
permit  of  the  profitable  intensive  use  of  structures 
which  might  be  erected  over  the  areas  covered  by 
such  switching  yards.  There  are  locations  here 
and  there  where  the  terminal  operations  of  the 
railroads  are  congested  and  where  activities  might 
be  extended  from  a  single  level  to  two  or  more 
levels.  There  are  locations,  also,  where  in  the 
development  of  future  terminal  stations  various 
activities  may  have  their  place  in  connection  with, 
and  even  above,  the  tracks  of  railroads;  but  a 
general  proposition  to  improve  intensively,  as  a 
means  in  the  development  of  revenue,  the  proper- 
ties already  occupied  by  that  portion  of  the  3,000 
miles  of  railroad  track  which  is  remote  from  cen- 
ters of  congestion  must,  under  present  conditions, 
be  considered  impracticable. 

The  practicability  of  applying  an  intensive 
process  to  the  improvement  of  railroad  property 
would  appear  to  increase  as  attention  is  con- 
centrated upon  properties  near  the  heart  of  the 
city  where  adjacent  land  areas  are  most  valuable. 
Difficulties,  however,  appear  in  the  development 
of  the  proposed  procedure  in  such  localities.  For 
example,  the  right-of-way  of  the  Illinois  Central 
between  i2th  Street  and  Randolph  Street  is  held 
under  a  tenure  which  absolutely  prohibits  the 
railroad  company  from  building  any  structure  at 
a  greater  height  than  15  feet  above  its  right-of- 
way.  Even  an  ornamental  parapet  wall  which 
was  once  erected  on  the  margin  of  Grant  Park  was 
not  approved  and  has  been  removed.  Much  of 
the  property  occupied  by  railroads  in  the  down- 
town district  has  been  acquired  through  right 
of  eminent  domain,  and  property  thus  acquired 
could  probably  not  be  utilized  for  the  erection 
of  buildings  over  railroad  tracks  except  as 
such  buildings  might  be  necessary  for  the  pur- 
poses of  the  railroad  company. 

Extending  the  discussion  of  this  phase  of  the 
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question,  it  may  be  said  that  the  land  titles  of 
railroads  are  usually  acquired  through  one  of  the 
following  methods: 

i.  By  dw<l  in  fee  simple. 

a.  By  deed  on  condition,  or  limiting  the  use 
of  premises  convoyed  to  railroad  purposes  or 
railroad  right-of-way. 

3.  By  grants  of  right-of-way  by  individuals. 

4.  By  grants  by  the  United  States  or  by  the 
state  governments. 

5.  By  condemnation. 

6.  By  licenses,  parole  gift  or  prescription. 

In  all  of  these  methods  except  the  first,  the 
abutting  owner  of  the  land  retains  a  substantial 
interest  in  the  right-of-way.  As  these  different 
methods  are  used  with  different  parcels  of  land 
adjoining  each  other,  and  as  many  of  the  rights 
acquired  by  railroads  are  mere  easements  for 
right-of-way,  leaving  the  fee  title  outstanding  in 
individuals,  usually  abutting  owners,  the  problem 
must  be  solved  by  assuming  that  only  such  use 
as  the  law  permits  of  easements  acquired  for  rail- 
road purposes  will  be  allowed.*  A  brief  summary 
of  the  law  on  this  question  is  as  follows: 

"The  law  will  permit  the  railroad  company  the 
widest  use  of  its  right-of-way  consistent  with  the 
object  of  the  grant  and  the  operation  of  the  rail- 
road, but  where  an  additional  servitude  not  in 
any  wise  connected  with  the  operation  of  the 
railroad  is  imposed  upon  the  right-of-way  the 
fee  owner  is  entitled  to  a  remedy,  ordinarily  for 
damages;  sometimes  injunction  will  be  granted 
until  by  condemnation  the  value  of  the  additional 
use  is  determined. 

"Under  this  state  of  law,  all  cases  are  depen- 
dent upon  the  particular  facts  of  the  particular 
case;  thus,  it  is  universally  held  that  telephone 
lines  erected  upon  a  railroad  right-of-way  con- 
stitute an  additional  burden  for  which  additional 
compensation  to  the  abutting  owner  is  required. 
Telegraph  lines,  even  though  only  partly  used  for 
the  operation  of  the  railroad,  do  not  constitute 
an  additional  servitude. 

"Elevators,  lumber  yards  and  boarding  houses 
do  not  constitute  an  additional  servitude,  and  in 
one  case  a  storage  warehouse  where  75  per  cent 
of  the  product  was  shipped  over  the  railroad  was 
held  not  to  create  an  additional  servitude. 

"A  review  of  the  cases  in  the  two  citations  above 
mentioned  will  make  the  distinction  clear.  A 
railroad  company  might  erect  an  office  building 
over  its  right-of-way  for  its  general  offices  with- 
out compensating  the  abutting  owners.  On  the 
other  hand,  the  erection  of  an  office  building  for 
general  commercial  purposes  not  connected  with 

•Substantially  all  of  the  law  on  this  question  i*  digested  in  Volume  7. 
L.  R.  A.,  page  200.  and  Volume  36.  L.  R.  A.,  new  jcries.  page  ill. 
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the  railroad  business  would  be  held  to  be  an  addi- 
tional servitude. 

"A  hotel  largely  for  the  benefit  of  railroad 
employes  would  not  be  an  additional  servitude, 
whereas  a  hotel  for  the  general  entertainment  of 
the  public  would  be."* 

It  should  be  clear  that  the  erection  of  buildings 
over  a  railroad  right-of-way  in  the  city  of  Chicago, 
for  the  purpose  of  mere  profit  unconnected  with 
the  main  business  of  the  railroad  company, 
would  impose  an  additional  servitude,  and  as 
the  company  would  have  no  right  to  condemn 
property  for  such  purpose  the  remedy  of  the 
abutting  property  owners  would  be  either  in- 
junction or  damages,  depending  upon  the  partic- 
ular facts  in  each  case. 

All  things  considered,  it  would  seem  inexpedient 
to  attempt  to  determine  any  money  value  to 
represent  the  possible  return  which  might  accrue 
to  the  railroads  of  Chicago  as  a  result  of  elec- 
trification, through  the  possibilities  of  erecting 
income  earning  structures  over  their  rights- 
of-way. 

302.06  Possibilities  of  Return  through  an  Ex- 
tension of  Miscellaneous  Electric  Services:  The 
railroads  are  at  the  present  time  consumers  of 
electricity.  They  have  offices,  stations,  shop 
buildings  and  railroad  yards  to  illuminate,  and 
they  also  have  electrically  driven  machinery  per- 
forming a  variety  of  services  for  which  current 
must  be  supplied.  Under  present  conditions  each 
railroad  provides  for  its  necessities  in  such  manner 
as  seems  to  it  wise.  Some  companies  have  central 
electric  generating  stations  of  considerable  capac- 
ity; others  have  a  number  of  scattered  gener- 
ating plants;  and  still  others  purchase  the 
current  they  require.  It  is  usually  assumed 
that  one  of  the  sources  of  return  to  a  railroad 
company,  made  possible  through  electrification, 
is  that  of  effecting  economy  through  the  use  of 
current  from  its  central  power  station  for  all  these 
incidental  purposes.  It  has,  for  example,  been 
suggested  that  railroads  at  present  purchasing 
current  for  lighting  could,  with  a  great  central 
power  station  erected  for  traction  purposes,  effect 
some  economy  in  taking  current  for  general  pur- 
poses from  such  a  source  of  supply,  and  that  the 
saving  thus  effected  should  be  made  to  appear  as 
a  credit  against  the  cost  of  electrification;  also, 

•Statement  prepared  by  Mr.  Harrison  B.  Riley. 


that  companies  having  several  small  and  ineffi- 
cient plants  for  generating  the  current  they  now 
need  would  effect  economy  in  taking  this  current 
from  the  larger  power  plant  which  electric  traction 
would  make  necessary.  It  has  been  suggested, 
furthermore,  that  even  those  railroads  having 
central  power  stations  of  considerable  capacity 
and  of  reasonably  high  efficiency,  for  use  in 
supplying  the  incidental  needs  referred  to,  could 
effect  some  economy  by  transferring  the  activities 
of  such  a  plant  to  the  larger  and  more  effi- 
cient plant  which  electric  traction  would  make 
necessary. 

In  dealing  with  this  question,  inquiries  were 
made  of  the  several  railroads  affected  concerning 
existing  methods  employed  in  securing  electric 
energy,  in  the  expectation  that  an  estimate  could 
be  developed  of  the  possible  saving  which  would 
result  from  the  transfer  of  all  such  demands  to 
the  great  central  generating  station  required  for 
electric  traction.  It  early  became  apparent,  how- 
ever, that  most  roads  were  already  in  need  of 
more  power  than  they  were  using  and  that,  in  the 
event  of  electrification,  the  whole  scheme  of  track 
and  yard  lighting  would  be  very  much  extended. 
All  roads  have  more  or  less  machinery  in  shops,  in 
roundhouses  and  in  office  buildings,  which  is  steam 
driven  and  also  some  which  is  electrically  driven. 
There  is  a  disposition  to  extend  the  existing  elec- 
tric power  load,  and  it  is  impossible  to  estimate 
the  extent  to  which  it  would  be  increased  in  the 
event  of  complete  electrification.  Moreover,  an 
extension  of  the  electrically,  driven  load  as  sup- 
plied by  shops  and  office  buildings  involves  capi- 
tal costs,  which  are  not  included  and  which,  in 
the  nature  of  the  case,  cannot  be  included,  in  the 
Committee's  estimates  covering  the  cost  of  elec- 
trification. It  would  be  inadmissible  to  include 
an  estimate  of  profits  where  the  installation  cost 
of  plant  is  excluded. 

It  should  be  apparent,  moreover,  that  the 
assumption  that  electric  lighting  and  power  loads 
must  be  considered  a  necessary  part  of  any  gen- 
eral scheme  of  electric  traction  is  not  in  itself 
well  founded.  The  problem  of  electrification 
should  properly  stand  upon  its  own  feet,  carrying 
its  own  costs  and  receiving  credit  for  the  return 
which  it  can  be  depended  upon  to  give.  Any 
theory  of  return  which  required  the  inclusion  of 
profits  made  possible  through  the  inclusion  of 
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return  on  company  lighting,  might  also  justify 
the  inclusion  by  the  railroad  company  of  com- 
mercial lighting  and  power  loads  remote  from 
its  own  activities. 

From  such  study  of  this  aspect  of  the  problem 
as  has  been  possible,  the  conclusion  has  been 
reached  that  it  will  be  impracticable  to  deter- 
mine quantitatively  the  extent  of  the  advantage, 
if  any,  which  the  railroads  would  secure  in  the 
event  of  electrification  through  the  more  efficient 
handling  of  electric  loads  now  imposed  by  their 
various  incidental  activities. 

302.07  Health,  Comfort  and  Convenience,  as 
Affected  by  Electrification:  The  effect,  if  any,  to 
be  produced  upon  the  health  of  the  community 
through  the  elimination  of  steam  locomotives  and 
the  introduction  of  electric  locomotives,  must 
have  its  advent  chiefly  through  changes  produced 
in  the  atmosphere.  If  electrification  were  to 
result  in  a  material  reduction  of  atmospheric 
pollution  and  if  it  could  be  shown  that  the  re- 
moval of  such  pollution  would  favorably  affect  the 
health  of  the  community,  electrification  could 
be  urged  as  a  health  measure.  An  examina- 
tion of  the  problem,  however,  has  shown  (chapter 
114)  that  the  substitution  of  electric  operation 
for  steam  operation  upon  the  railroad  terminals 
of  Chicago  would  reduce  the  smoke  in  the  at- 
mosphere by  a  comparatively  small  amount, 
and  a  review  of  the  literature  on  the  subject  has 
shown  also  (chapter  101)  that  the  amount  of  smoke 
found  in  the  atmosphere  even  of  a  smoky  city  is 
not  disastrous  to  health,  though  sanitary  experts 
agree  that  it  has  detrimental  effects.  On  the 
other  hand,  so  far  as  is  known,  electrification 
would  introduce  no  condition  prejudicial  to 
health. 

People  are  comfortable  when  they  are  at 
ease,  mentally  and  physically;  when  they  are 
contented  and  undisturbed;  when  they  are 
satisfied  that  conditions  about  them  are  sub- 
stantially what  they  ought  to  be.  They  art  con- 
venienced  when  their  movements  are  made 
certain;  when  their  time  is  saved;  or  when 
their  personal  plans  are  promoted.  Will  electri- 
fication of  the  railroads  of  Chicago  make  more 
agreeable  the  daily  life  of  its  people?  Will  it 
make  existence  more  comfortable  and  enjoyable? 
The  answer  to  these  questions  must  undoubt- 
edly be  in  the  affirmative,  though  the  extent 


to  which  the  people  will  profit  and  the  precise 
way  in  which  the  gain  will  appear  will  depend 
upon  many  things. 

The  suppression  of  local  smoke  and  fuel  dust, 
even  to  the  limited  extent  which  may  be  secured 
through  electrification,  cannot  fail  to  affect  fa- 
vorably the  comfort  and  convenience  of  people. 
The  gains  in  this  respect  would  be  enjoyed  both 
by  those  who  live  or  work  in  the  vicinity  of  the 
railroads  and  by  those  who  travel.  As  shown 
elsewhere  the  effect  would  be  chiefly  local  to  the 
railroad  routes  but  within  a  limited  area  it  would 
be  substantial. 

Finally,  comfort  and  convenience  would  be 
enhanced  by  electrification  through  a  reduction 
in  the  amount  of  noise.  All  of  those  sources  of 
disturbing  sounds  which  are  caused  by  the  steam 
of  the  locomotive  would  disappear.  The  heavy 
discharge  of  the  exhaust  when  the  locomotive  is 
starting  and  accelerating  its  train,  and  the 
sharper  blow  of  the  safety  valves,  would  cease  to 
disturb  and  offend.  These  sounds  constitute  a 
large  part,  of  the  objectionable  noise  which  arises 
from  the  operation  on  through  tracks  and  in 
railroad  yards. 

The  preceding  considerations  show  that  elec- 
trification will  contribute  to  increased  convenience 
and  comfort  in  the  following  respects: 

1.  By   permitting  a  greater  celerity  of  train 
movements. 

2.  By  increasing  the  reliability  of  train  move- 
ments. 

3<'  By  reducing  localized  smoke  sources. 
4.  By  reducing  noise. 

302.08    Loss  and  Damage  to  Property:       A 

previous  discussion  (section  101.48)  has  served  to 
emphasize  the  fact  that  there  exist  no  definite  or 
reliable  standards  of  measure  for  determining  the 
money  value  of  losses  which  result  from  the 
presence  of  smoke  in  the  atmosphere.  It  cannot 
be  assumed,  for  instance,  that  a  large  city  ought 
to  be  as  clean  as  a  country  village,  nor  can  any 
ratio  of  cleanliness  be  established.  It  is  obvious 
that  the  diversified  activities  of  the  larger  com- 
munities are  productive  of  a  greater  degree  of 
street  dust  and  other  forms  of  atmospheric 
pollution,  as  well  as  of  smoke,  than  those  of  the 
small  towns.  The  large  cities  are,  in  most  cases, 
more  congested  than  the  small  ones,  and  this 
congestion  is  in  itself  productive  of  a  greater 
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degree  of  atmospheric  pollution,  whether  of  a 
preventable  or  unpreventable  nature. 

It  has  been  shown  also  that  the  deleterious 
effects  of  smoke  and  those  of  other  kinds  of 
atmospheric  pollution  are  so  similar  and  so 
closely  related  as  to  render  it  difficult  to  segre- 
gate the  two  or  to  differentiate  between  them. 

The  smoke  of  Chicago  arises  from  many 
different  sources,  from  domestic  fires,  from  the 
fires  of  steam  boilers  and  from  metallurgical  and 
other  industrial  fires  as  well  as  from  those  of 
steam  locomotives.  Smoke  from  locomotives  con- 
stitutes only  a  small  portion  of  the  total  smoke 
in  the  atmosphere  (chapter  106),  and,  conse- 
quently, of  all  the  loss  and  damage  occasioned  by 
smoke,  a  small  portion  only  will  be  eliminated 
through  the  electrification  of  railroads.  As  the 
whole  loss  and  damage  occasioned  by  smoke  is 
indeterminate,  that  portion  of  the  whole  which 
would  be  eliminated  through  electrification  must 
also  be  indeterminate. 

302.09  A  Summary  of  Indeterminate  Results: 
The  work  of  changing  the  railroad  terminals  of 
Chicago  from  steam  to  electric  operation  will 
affect  a  vast  establishment.  The  operating  pro- 
cedures incident  to  the  activities  of  this  establish- 
ment are  varied  and  complicated.  It  cannot  be 
assumed  that  any  analysis  which  anticipates 
experience  under  the  new  conditions  introduced 
by  electrification  will  be  perfect  or  complete. 
The  discussions  of  the  preceding  sections  are, 
therefore,  to  be  regarded  as  a  presentation  of 
those  indeterminate  benefits  which  are  most 
obvious  and  probably  most  important.  They 
may  be  summarized  as  follows: 

i .  The  electrification  of  Chicago's  railroad 
terminals  will  result  in  some  increase  in  the 


capacity  of  existing  trackage  and  terminals. 
In  locations  where  operation  under  present 
conditions  is  congested,  electrification  will 
give  relief  and  by  so  doing  will  constitute 
an  improvement  to  the  existing  establish- 
ment. In  locations  where  there  is  at  present 
no  congestion  of  traffic,  electrification  will 
constitute,  in  effect,  an  enlargement  of  exist- 
ing facilities  and  by  so  doing  it  will  postpone 
the  day  when  additional  facilities  will  be 
required. 

2.  Electrification    will    contribute    to    in- 
creased celerity  and  reliability  in  the  move- 
ment of  railroad    equipment  on  the    elec- 
trified trackage. 

3.  Electrification  may  open  the  way  to  the 
intensive  use  of  railroad  property.     It  will 
contribute  to  the  development  of  conditions 
which  will  permit  double-decked  freight  and 
passenger  terminal  stations,  and  it  may  open 
the  way  for  the  utilization  of  space  above 
tracks  for  buildings  to  be  erected  for  general 
business  purposes.     The  value,  however,  of 
the  return  which  may  be  possible  through  the 
intensive  use  of  railroad  property  in  Chicago 
is  speculative  and,  considered  as  a  present- 
day  asset,  it  cannot  be  large. 

4.  Electrification  will  permit  an  extension 
of   electric    service    beyond    that   which    is 
necessary  for  the  use  of  trains.     As  a  possible 
source  of  benefit  it  is  one  which  would  be 
immediately  available  upon  the  completion  of 
electrification.     It  is  incidental  in  character 
and  not  large  in  amount. 

5.  Electrification   will   contribute   to   the 
comfort  and  convenience  of  people  and  by 
so  doing  will   result    indirectly  in    benefit 
to  the  railroads. 

6.  Electrification  will  reduce  the  loss  and 
damage  to  property  now  occasioned  by  the 
presence  of  smoke  in  the  atmosphere,  but  the 
value  of  this  is  indeterminate. 
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SYNOPSIS:  This  chapter  presents  the  results  of  a  study  concerning  the  relative  safety  of 
steam  and  of  electric  railroad  operation.  It  shows  that  the  changes  incident  to  electrification  will 
introduce  conditions  some  of  which  involve  added  hazard  and  some,  increased  security.  The 
conclusion  is  reached  that  the  net  effect  on  safety,  favorable  or  otherwise,  which  will  result  from  the 
electrification  of  the  steam  railroad  terminals  of  Chicago,  will  be  slight. 


303.01  Safety:     Safety  is  a  relative  term.     As 
applied  to  electric  operation  it  may  be  defined,  for 
the  purposes  of  this  study,  as  the  comparative 
liability   of   accident   and  personal   injury   from 
railroad  operation  with  electric  power  and  with 
steam  locomotives.     Its  consideration  constitutes 
a  factor  of  importance  in  the  work  of  the  Com- 
mittee, since  the  extent  to  which  safety  is  affected 
by  the  electrification  of  a  steam  railroad  is  an 
argument  which  may  be  advanced  in  favor  of, 
or    against,    the   change;   it   constitutes   one    of 
the  returns  to  be  expected  from  electrification. 
Whether,  as  such,  it  is  positive  or  negative  in  its 
effect  must  be  determined  from  the  facts.     If  it 
should  be  made  apparent  that  the  introduction 
of  electric  operation  will  materially  reduce  the 
usual  hazard  to  the  public,  to  railroad  employes, 
to  passengers,  or  to  all  of  these,  electrification 
might  be  regarded  as  justifiable  as  a  means  of 
procuring  greater  safety  in  operation. 

303.02  Available  Data:*     Electric  operation 
under  steam  railroad  conditions  is  a  development 
of  recent  years  and  the  number  of  examples  of 
such  installations  is  still  limited.     For  this  reason, 
the  volume  of  data  which  can  be  used  in  a  com- 

*  The  following  sources  of  information  have  been  consulted  and  facts  derived 
from  them  have  been  analyzed: 

1.  Official   quarterly   "accident"    bulletins   of   the    Interstate    Commerce 
Commission.     These  bulletins  give  a  list  of  all  accident?  resulting  in  injury 
to  persons,  equipment  or  road-bed,  arising  from  the  operation  of  railroads  used 
in    interstate   commerce.      They   are    compiled  from   reports  made    under 
oath  by  officers  of  railroad  companies  to  the  Commission,  as  required  under 
the  "accident  law"  of  May  6,  1910. 

2.  Reports  of  public  service  commissions  of  certain  states.     These  reports 
often   present  statistics  similar  to  but  less  comprehensive  than   those  con- 
tained in  the  reports  of  the  Interstate  Commerce  Commission. 

3.  Reports  of   the   Bureau   of   Railway    News   and   Statistics.     These   are 
issued  annually  and  contain  chapters  on  accidents  together  with  a  summary 
of  accidents  on  American  and  on  foreign  railroads.     They  are  compiled  from 
various  sources  and  are  general  in  character.     They  do  not  often  present  in 
detail  an  analysis  of  the  question  of  hazard. 

4.  Reports  of  foreign  bureaus  such  as  the  English  Board  of  Trade.     These 
are  quite  similar  to  the  Interstate  Commerce  Commission  reports.      Informa- 
tion with  reference  to  special  accidents  and  conclusions  with  reference  to  causes 
are  generally  more  complete  than  the  corresponding  information  given  in  the 
American  reports. 

5.  Replies  to  inquiries  add ressed   to  certain  railroad   companies  owning 
electrified  lines.     These,  it  should  be  noted,  are  in  most  cases  lacking  in 
detail  and  are  inconclusive. 

Information  relating  to  electric  operation,  as  obtained  from  the  sources 
mentioned,  is  relatively  meager. 


parative  study  of  the  relative  safety  of  steam  and 
of  electric  service  is  meager.  Moreover,  direct 
comparisons  are  rendered  difficult  by  the  fact  that 
electrification  has  generally  brought  with  it  other 
physical  changes  affecting  operation  so  that,  in 
addition  to  the  change  from  steam  to  electric 
operation,  other  new  conditions  have  been  intro- 
duced. The  result  is  that  traffic  conditions  under 
electric  or  under  joint  steam  and  electric  operation 
are  materially  different  from  those  under  steam 
operation.  Such  facts  with  reference  to  electric 
railroad  operation  as  are  available,  whether  of 
domestic  or  of  foreign  origin,  relate  for  the  most 
part  to  passenger  service.  They  are,  therefore, 
not  to  be  accepted  as  entirely  applicable  to 
electric  operation  of  freight  service  or  to  electric 
operation  of  both  freight  and  passenger  service. 
These  are  matters  to  which  due  consideration 
must  be  given  in  the  process  of  forming  an  esti- 
mate of  the  relative  safety  of  electric  operation  as 
compared  with  that  of  the  present  steam  opera- 
tion on  the  Chicago  terminals,  where  only  a  small 
part  of  the  electric  installation  will  be  required  for 
passenger  service  and  a  much  larger  part  will  be 
required  for  the  more  complex  operations  of 
freight,  yard  and  transfer  services. 

303.03  Steam  Railroad  Accidents :  t  Statistics 
prepared  by  the  Interstate  Commerce  Commission 
show  the  number  of  persons  killed  or  injured 
by  the  operation  of  interstate  steam  railroads 
during  the  26-year  period,  1888  to  1913,  inclusive. 
The  results  are  segregated  to  show  the  number  of 
trespassers  and  "other  persons"  killed  or  injured 
for  the  period  from  1890  to  1913,  inclusive.  A 
summarized  statement,  covering  the  classes  of 
persons  affected,  is  set  forth  by  table  CDXXIV. 

t  Archive*  of  the  Committee,  Vol.  L  ». 
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TABLE  CDXXIV.     NUMBER   OF    PERSONS   KILLED  OR  INJURED 
IN  RAILROAD  ACCIDENTS  IN  THE  UNITED  STATES  DUR- 
ING THE   PERIOD    i»90   TO    1913.   INCLUSIVE 


Clan  of  Peraoiw 
Affected 


! 


Passengers 
Employe*.  .  .  . 
Other  persons: 

I'..;..       ..     .    . 

K<H   '" 


I.   r    I. 


N  umber 

K.II.-.I 


7.834 
06,405 

108,124 
19.615 

202.108 


Per  Cent 
of  Tol.l 


Number 
injured 


Per  Cent 

0/1 


3.9 
32.7 


0.8 


im  I) 


i.  M  M 

1 18.057 

I.. '.I.'.. 777 


87.7 

7.8 
4.6 

IIMI   (I 


A  study  of  the  statistical  record  of  accidents 
shows  that  of  202,168  persons  killed,  127,739, 
or  63  per  cent,  are  classed  as  "other  persons,"  that 
is,  they  are  neither  passengers  nor  employes  of 
railroad  companies. 

Of  the  passengers  and  employes  affected,  a 
comparatively  small  number  are  killed,  where- 
as of  the  "other  persons,"  including  trespassers, 
affected,  the  number  killed  approaches  the  num- 
ber injured. 

While  considerable  attention  has  been  directed 
by  the  public  and  by  railroad  officials  to  the  ques- 
tion of  eliminating  grade  crossings,  it  is  interest- 
ing to  note  the  number  of  accidents  occurring 
at  such  points  as  compared  with  the  number 
occurring  at  other  points  along  the  track.  The 
records  of  the  Interstate  Commerce  Commission 
covering  the  five-year  period  from  1905  to  1909, 
inclusive,  show  that  4,261  persons  were  killed  at 
highway  crossings  and  17,861  persons  were 
killed  at  "other  points  along  track."  A  total  of 
8,830  persons  were  injured  at  highway  crossings 
and  10,686  persons  were  injured  at  "other  points 
along  track." 


The  German  statistics,  like  those  of  the  In- 
terstate Commerce  Commission  of  the  United 
States,  present  total  figures  only.  An  attempt 
has  been  made  to  obtain  additional  information 
that  will  provide  a  basis  upon  which  may  be 
determined  the  number  of  accidents  per  mile  of 
track  or  per  train-mile  and  the  ratio  of  the  number 
of  accidents  to  the  number  of  passengers  carried. 
This  effort  has  resulted  only  in  illustrating  the 
fact  that,  in  the  case  of  the  German  railroads, 
approximately  one-half  of  the  persons  killed  or 
injured  were  employes  and  passengers,  the  re- 
mainder being  made  up  of  trespassers  and  "other 
persons."  In  view  of  the  fact  that  on  the  con- 
tinent of  Europe  walking  on  railroad  tracks  is 
forbidden  by  law.  the  number  of  accidents  result- 
ing in  injury  or  death  to  trespassers  should  be  less 
than  in  this  country,  since  here  the  railroad  right- 
of-way  is  often  used  as  a  highway.  However, 
statistics  compiled  from  the  reports  of  the  "Kaiser- 
lich  Deutsches  Reichs-Eisenbahn-Amt"  indicate 
that  there  is  considerable  trespassing.  These  sta- 
tistics, for  the  years  1909  to  1911,  inclusive,  are 
presented  as  table  CDXXV. 

Certain  classes  of  railroad  accidents  may  be 
regarded  as  unavoidable.  Among  these  may  be 
included  accidents  due  to  such  causes  as  land- 
slides and  washouts,  those  due  to  gross  negli- 
gence, illness  or  failure  of  employes,  and  those 
due  to  other  causes  which  may  rightly  be  re- 
garded as  beyond  the  control  of  the  railroad 
companies. 

Tn  a  second  class  of  accidents  may  be  included 


TABLE    CDXXV.      NUMBER   OP    PERSONS    KILLED     OR     INJURED    IN    RAILROAD   ACCIDENTS    IN    GERMANY.    1909.    1010  AND    1911 


1W 

n 

11 

If 

i 

K,ll,,l 

Injurwl 

Killed 

Injured 

Killed 

Injured 

1 

1 

» 

4 

5 

7 

Passengers: 
In  accidents  to  trains  

25 

305 

2 

422 

14 

IM 

Other  accidents: 

3 

H 

4 

72 

3 

62 

•3 

194 

91 

178 

98 

207 

Totals  

121 

567 

'.7 

672 

III 

583 

Employes  on  duty: 
In  train  accidents  

13 

m 

14 

202 

30 

179 

In  other  accidents: 

79 

•-i. 

62 

297 

64 

M 

In  making  up  trains  

SI 

60 

:  :•• 

65 

Ml 

87 

184 

92 

175 

•,. 

173 

While  on  tracks  in  way  of  moving  cars  or  trains  

242 

237 

240 

218 

243 

235 

Thrniigb  nth«>r  fnrp>a  of  cnrelfllftnOIHI  , 

61 

193 

76 

219 

67 

213 

Totals  

533 

i  li- 

'.I ; 

1.350 

563 

1.343 

Post,  telegraph,  police  and  customs  staff  

1  | 

ra 

6 

..- 

IS 

70 

Trespassers,  including  employes  not  on  duty  

324 

•-.: 

280 

248 

324 

271 

Suicides  

402 

33 

338 

27 

:.,•. 

336 

Totals  

740 

340 

624 

343 

706 

667 

Totals,  all  classes  

1,394 

I  264 

j  •(...-. 

1..f-l 

2.593 
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those  which  may  to  some  extent  be  avoided  by 
the  adoption  of  improved  equipment  and  appli- 
ances, by  better  construction  and  by  the  more 
rigid  enforcement  of  suitable  rules  and  regulations. 
The  equipment  of  locomotives  with  driver  brakes, 
the  equipment  of  cars  with  automatic  couplers  to 
permit  coupling  and  uncoupling  without  requiring 
men  to  go  between  cars,  and  the  enforcement  of 
uniform  rules  applicable  to  freight  cars  with 
reference  to  the  location  of  such  appliances  as 
grab-irons  and  running  boards,  have  all  had 
their  effect  in  reducing  the  number  of  accidents.* 
Although  designed  chiefly  for  the  protection  of 
trainmen  and  railroad  employes,  such  provisions 
have  doubtless  aided  in  the  prevention  of  accidents 
to  others.  Railroads  have  in  recent  years  stimu- 
lated the  "safety  first"  movement  by  processes  of 
education  and  by  the  enforcement  of  rigid  rules, 
regulations  and  systems  of  checking,  with  re- 
sults the  value  of  which  cannot  be  accurately 
estimated. 

The  statistical  record  shows  that  all  these 
influences  have  had  their  effect  upon  safety  in 
steam  railroad  operation.  The  number  of  ac- 
cidents incident  to  the  handling  of  equipment, 
when  compared  with  the  number  of  cars  handled 
or  movements  made,  has  steadily  diminished  in 
recent  years. 

303.04  Electric  Railroad  Accidents :  Existing 
steam  railroad  electrifications  are  discussed  else- 
where in  this  report  (chapter  205).  The  more 
important  American  steam  railroad  electrifica- 
tions, named  in  order  of  their  installation,  are 
as  follows: 

1.  Long  Island  Railroad:     This  road  operates 
an  extensive  suburban  and  city  line.     Passenger 
service  only  is   operated  electrically  and  mul- 
tiple-unit  trains  are  employed  in  this  service. 
Through  passenger  trains  and  freight  trains  are 
operated  by  steam  locomotives  over  some  of  the 
electrified  lines.     The  third  rail  system  is  used. 
This    road   is    now    conducting    traffic    under 
conditions  materially  different  from  those  which 
existed  under  steam  traction,  the  traffic  having 
grown  enormously  and  the  line  of  an  important 
portion  of  the  system  having  been  changed  from 
a  steam  railroad  on  the  surface  of  city  streets 
to  an  electric  railroad,  part  of  which  is  elevated 
and  part  of  which  is  underground.     The  train 
make-up  and    frequency   are   entirely   different 
from  those  of  steam  operation  (section  205.03). 

2.  West  Jersey  &  Seashore  Railroad:     This 

•Federal  Safety  Appliance  Act  of  1893.  amended  in  100,1  and  1910. 


road  operates  passenger  M-rviee  electrically  with 
multiple-unit  cars  on  a  cross  country  line  be- 
tween ('.-linden  and  Atlantic  City.  .V  J  I'Vi^ht 
b  handled  by  steam  IIH-I .motives  over  the:  elec- 
trified tracks.  The  third  rail  system  is  used 
on  the  line,  with  the  exception  of  a  short 
stretch  of  overhead  construction  at  one  of  the 
terminals.  Upon  the  installation  of  the  electric 
system  much  of  the  line  was  rebuilt  as  a  douhle- 
track  road.  The  business  of  the  railroad  has 
increased  under  electric  operation  (section  205.08  > 

3.  New  York  Central  &  Hudson  River  Rail- 
road:    This  road  operates  electrically  its  New 
York  City  terminal  and  its  approaches,  includ- 
ing the  Park  Avenue  tunnel  and  viaduct.     It 
also  operates  electrically  busy  suburban  sections 
of  two  main  line  divisions.     Passenger  service 
only   is  operated  electrically,   electric    locomo- 
tives and  multiple-unit  cars  being  used.     Freight 
traffic  is  handled  by  steam  over  some  of  the  elec- 
trified lines.     The  third  rail  contact  system  is 
employed.     Service   has    been   conducted    into 
the  new  terminal  under  extraordinary  difficulties 
during  construction,  which  is  still  (1912)  in  pro- 
gress (section  205.04). 

4.  New  York,  New  Haven  &  Hartford  Rail- 
road: This  road  operates  a  busy  suburban  section 
of  its  main  line  into  the  New  York  City  passen- 
ger terminal  of  the  New  York  Central  Lines. 
Both  electric  locomotives  and  multiple-unit  cars 
are  used  in  passenger  service.     Freight  service 
is  operated  by  electric  locomotives.     Some  yard 
service  is  operated  electrically.     The  overhead 
contact   system  is  used,   but   locomotives   and 
motor   cars    are    equipped    for    operation    into 
the    New    York    passenger   terminal    over   the 
third   rail   system   of   the   New   York   Central 
&  Hudson  River  Railroad  (section  205.05). 

5.  Pennsylvania  Railroad — New  York  Termi- 
nal: This  road  operates  passenger  service  almost 
entirely    by    electric    locomotives,    only   a   few 
multiple-unit   cars    being   used.     The  road  lies 
largely  in  tunnels  and  on  embankments.     The 
third   rail   system   is  used.     It    is   an    entirely 
new  railroad  and  has  been  operated  electrically 
from  the  start  (section  205.06). 

6.  Spokane    &    Inland    Empire     Railroad: 
This  road  operates  electrically  a  system  of  inter- 
urban  and  city  traction  lines.     It  also  operates  a 
long  single  track  division  on  which  the  business  is 
essentially  long  distance  freight  and  passenger. 
Freight  trains  are  hauled  by  electric  locomotives. 
Passenger  service  is   conducted   by  motor  and 
trailer  cars.     The  single-phase  system  of  traction 
with  overhead   contact   is   used  on  the  freight 
division.     This  division  is  entirely  new  and  has 
been  operated  electrically  from  the  start  (section 
205.09). 

7.  Butte,    Anaconda     &     Pacific     Railway: 
This  is  an  electrified  single  track  line  extending 
from  Butte  to  Anaconda,  Mont.     The  business 
consists  chiefly  of  the  handling  of  copper  ore  from 
Butte  to  the  smelters.     Both  freight  and  passen- 
ger trains  are  hauled  by  electric  locomotives. 
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The  2, 400- volt  direct  current  system  with  over- 
head contact  is  used  (section  205.10). 

The  American  short  tunnel  line  electrifications 
are  as  follows : 

1.  Baltimore  &  Ohio  Railroad:     This   road 
operates    electrically    a    tunnel   line  under   the 
city    of    Baltimore.     This   tunnel    is    used    for 
both  freight    and    passenger   trains,  which  are 
hauled  through  it  by  means  of  electric  locomo- 
tives, the  steam  locomotives  not  being  discon- 
nected.    The  third   rail    system  of  traction  is 
employed  (section  205.16). 

2.  St.  Clair  Tunnel  oj  the  Grand  Trunk  Rail- 
way:   Freight  and  passenger  trains  arc  operated 
through    this   tunnel    by    electric    locomotives. 
Overhead    contact    is    used     (section    205.17). 

j.  Detroit  River  Tunnel  of  the  Michigan 
Central  Railroad:  Freight  and  passenger  trains 
are  operated  through  this  tunnel  by  means 
of  electric  locomotives.  The  third  rail  system 
is  employed  (section  205.19). 

4.  Cascade    Tunnel    of    the    Great  Northern 
Railway:     Freight  and  passenger  trains  are  oper- 
ated through  this  tunnel  by  means  of  electric 
locomotives.     A  two  wire  overhead    contact    is 
used  (section  205.18). 

5.  Hoosac   Tunnel  of   the   Boston   &  Maine 
Railroad:     Freight    and    passenger    trains    are 
operated    through    this    tunnel    by    means    of 
electric    locomotives.      The    overhead    contact 
system  is  employed  (section  205.20). 

It  will  be  seen  that,  in  all  cases,  electrification  of 
steam  railroads  in  this  country  has  been  adopted 
as  a  means  of  performing  some  special  service  or 
meeting  some  special  conditions.  Many  of  the 
electrifications  may  be  considered  pioneer  instal- 
lations for  the  particular  conditions  involved  and, 
therefore,  operating  methods  and  details  of  appar- 
atus in  many  cases  have  not  been  perfected  to  a 
point  which  insures  normal  constancy  of  results. 

Examples  of  steam  railroad  electrifications  in 
England  and  on  the  continent  of  Europe  are  de- 
scribed elsewhere  in  this  report  (chapter  205.20). 
The  principal  foreign  electrifications  of  steam  rail- 
roads or  of  roads  operating  under  steam  railroad 
conditions  are  as  follows: 

1.  North    Eastern   Railway,    England:     This 
road  operates  electrically  a  busy  suburban  pas- 
senger service  in  a  manufacturing  and  colliery 
district.      Motor  car  trains  are  used.      Freight 
service    is   still  handled  by  steam    locomotives. 
The  third  rail  system  is  employed.     This  is  one 
of  the  largest  steam  railroad  electrifications  in 
England   (section  205.24). 

2.  Lancashire    &    Yorkshire   Railway,    Eng- 
land:   This   is    an   important  electrified   steam 
railroad  serving  the  suburbs  of  Liverpool.     Pas- 


senger service  is  operated  electrically  by  means 
of  motor  car  trains.  Freight  service  is  conducted 
by  steam  locomotives.  The  third  rail  system 
is  employed.  The  road  has  a  connection  with 
the  Liverpool  Overhead  Railway  (section  205.25). 
j.  London,  Brighton  &  South  Coast  Railway, 
England:  This  road  operates  electrically  termi- 
nal and  suburban  lines  for  passenger  service 
only.  Motor  car  trains  employing  the  high  ten- 
sion overhead  contact  system  are  used.  Steam 
operation  continues  over  some  of  the  electrified 
lines  (section  205.28). 

4.  Orleans  Railway,  France:  This  road  oper- 
ates electrically  a  terminal  and  suburban  service 
through  a  long  subway  approach  to  the  terminal 
station.     Passenger  service  is  conducted   with 
motor  cars   and   electric   locomotives.     Freight 
service  is  operated  to  a  limited  extent  witli 

trie    locomotives.     Steam    operation    of     both 
passenger  and  freight  service  is  also  conducted 
.  over  a  part  of  the  electrified  division.     The  third 
rail  contact  system  is  used  (section  205.34). 

5.  Prussian  State  Railways,  Germany:     Sev- 
eral of  the  sections  have  for  several  years  been 
operating  electrically,  to  a  limited  extent,  both 
passenger   and    freight   service.     Different    sys- 
tems of  traction  are  used,  but  in  all  cases  oxer- 
head  contact  is  employed.     In  the  majority  of 
cases  electric  locomotives  are  used.     All  of  these 
sections  may  be  considered  trial  installations,  the 
purpose  being  to  provide  a  practical  means  of 
solving    certain    o]x.-rating    and    technical    prob- 
lems (section  205.39). 

6.  Loetschberg-Simplon  Tunnel  Railway,  Swit- 
zerland:    This  is  a  heavy   grade  passenger  and 
freight  railroad  through  and  over  the  Bernese 
Alps.     It  forms  a  new  link  in  a  through  line 
from  Germany  to  Italy.     The  line  has  many  tun- 
nels two  of  which  are  more  than  eight  miles  in 
length.     Service  is  conducted  by  electric  loco- 
motives.    The    Simplon   tunnel   portion  of  the 
line    has   been   in   operation   since    1906.     The 
Loetschberg  tunnel  has  only  recently  been  elec- 
trified and  placed  in  regular  operation  (sections 
205.46  and  205.47). 

7.  Italian   State   Railways,   Italy:      Included 
in  these  are  the  Milan-Porto  (Yrcsio  Railway, 
an  important  interurban  railroad  employing  the 
third  rail  direct  current  system;    the  Valtellina 
Railroad,  which  conducts  a  heavy  passenger  and 
freight   traffic    by    means  of  motor  car  trains 
and  electric  locomotives ;  lines  around  Genoa  and 
the   Gulf,    including   two   parallel  heavy  grade 
freight  and  passenger  lines  out  of  Genoa,  the  Giovi 
Railway,    the   Succursale   di  Giovi   Railway,  a 
heavy    grade    freight   and   passenger  line    from 
Savona  to  Ceva,  and  the  Genoa-Savona  Railway, 
which  forms  a  connecting  link  between  these 
roads;  the  Mt.  Cenis  Railway  from  Bussoleno  to 
Modane,  a  heavy  grade  mountain  railroad  oper- 
ating freight  and  passenger  service,  almost  half 
of  which  is  in  tunnel  sections;  and  the  Turin- 
Pinerola  Railway,  serving  the  suburbs  of  Turin. 
All  of  these  roads,  with  the   exception   of   the 
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Milan- Porto  Cm-sio  Railway,  use  the  three-phase 
overhead  contact  system  with  electric  locomo- 
tives (section  205.58). 

The  Committee  has  endeavored  to  obtain  as 
complete  information  as  possible  concerning  acci- 
dents on  all  lines  which  have  been  converted  from 
steam  to  electric  operation,  both  in  America  and 
in  other  countries.  Letters  of  inquiry  were  sent  to 
officials  of  the  various  roads  asking  for  a  state- 
ment of  all  facts  of  record.  In  a  number  of  cases 
replies  were  obtained  only  after  repeated  requests, 
and  in  some  instances  no  replies  have  been 
received.  The  information  obtained  from  these 
sources  is  fragmentary  and,  on  the  whole,  unsatis- 
factory.* Difficulties  in  supplying  such  informa- 
tion arise  in  part  from  the  unsettled  state  of  elec- 
tric railroad  practice.  Among  the  factors  influ- 
encing the  returns,  the  following  are  significant: 

1.  In  many   cases   electric   construction   on 
portions  of  the  total  trackage  affected  has  con- 
tinued while  electric  operation  has  been  progress- 
ing on  other  portions;  all  accidents,   whether 
from  construction  or  operation,  have  not  infre- 
quently been  charged  to  electric  operation. 

2.  Many  accidents  during  the   construction 
period  charged  to  electric  operation  make  the 
accident  record  abnormally  large. 

3.  In  most  cases  steam  and  electric  operation 
are  so  closely  related  that  it  is  difficult  to  classify 
accidents,  especially  in  yards  and  shops. 

Uncertainties  thus  arising  make  it  undesirable 
to  set  forth  accident  statistics  for  steam  railroad 

*  Archives  of  the  Committee,  Vol.  L  8,  Article  on  "Safety." 


electrifications  by  roads.  A  summary  of  the  facts 
for  the  three  years  K;I  i,  1012  and  1913.  as  they 
have  been  ascertained  for  three  important  Amcr 
ican  steam  railroad  electrifications  has,  however, 
been  compiled  and  is  given  as  table  CDXXVI. 
A  detailed  study  of  the  facts  presented  by  table 
CDXXVI,  shows  that,  for  a  considerable  period 
after  initial  electrification,  the  number  of  acci- 
dents has  been  relatively  large.  This  is  due  to 
the  fact  that  employes  have  been  unaccustomed 
to  the  electrified  conductors  and  rolling  stock  in 
the  vicinity  of  which  they  have  been  required  to 
work  and  have  failed  to  appreciate  the  danger 
thus  arising.  An  analysis  of  the  statistics  pre- 
sented indicates  the  following  general  classifica- 
tion of  accidents  and  their  main  causes: 

1.  Accidents  to  Passengers:    These  were  all 
of  a  minor  character,  such,  for  example,  as  injury 
caused  by  falling  electric  light  bulbs,  injury  to 
clothing  due  to  defective  insulation  or  heaters, 
and  injuries  occasioned  at  stations  where  pas- 
sengers have  been  struck  by  fragments  of  broken 
contact  shoes. 

2.  Accidents  to  Employes:     These  are  found 
to  have  been  due  chiefly  to  contact  with  electri- 
fied power  conductors  while  repairing  track  and 
trolley    supports,    inspecting  rolling    stock   on 
electrified  track,  and  through  contact  with  over- 
head wires  while  on  tops  of  cars, 

3.  Accidents  to  "Other  Persons" :    These  ac- 
cidents have  varied  widely.     In  some  cases  they 
have  been  due  to  contact  with   the  electrified 
conductor  while  trespassing;  in  other  cases  tres- 
passers have  climbed,  for  unknown  reasons,  cate- 
nary bridges  or  high  tension  transmission  poles. 


TABLE  CDXXVI.     ACCIDENT  STATISTICS  ON  CERTAIN  ELECTRIFIED  STEAM. RAILROADS  IN  THE  UNITED  STATES. 

ign,   Kin  AND  1913 


Classes 

1911 

1912 

MM 

Killc.1 

Injured 

Killed 

Injured 

Kilted 

Injured 

1 

J 

3 

4 

6 

• 

7 

6 

2 
0 

54 
6 

1 

4 

n 

87 
7 
1 

9 

11 
0 

114 
18 
111 

Totals,  all  classes  

7 

..1 

11 

oA 

20 

148 

Accidents  per  Hundred  Track-Miles 

1.382 
0.553 
0 

14.920 
1.657 
0.273 

1.066 

0 

1  673 

8.680 
1.068 
0.152 

II  911 
1.110 
0 

11.48A 
1.814 

1  320 

Totals,  all  classes  

1.935 

16.850 

9.900 

2.020 

14.030 

Accidents  per  Ten  Million  Car-Mile* 

2.77 
1.11 
0 

29.  86 
3  32 
0  55 

1.32 
2.31 
0 

18.81 
2.31 

0    :  . 

2.32 
2.83 

29  35 

4  84 

3  35 

Passengers  _  

Totals,  all  classes  

3  88 

33  73 

3  83 

21.48 

8.18 

37  34 

Thousands  of  Car-Miles  per 

3,620 
9.050 
0 

3,348 
3,013 

1H.ONI 

7,571 

:     ... 
0 

5.313 

i    ..•• 
M.'ZM 

4.316 
3.531 
0 

3.407 
2.1511 
2.988 

2.678 

Passenger  

Totals,  all  classes  

2.581 

•-•"••I 

.'.::..•) 

4.059 

1,942 
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Of  the  fatalities  to  employes  under  electric 
operation,  60  per  cent  are  the  result  of  falling 
from  cars  or  getting  on  or  off  cars,  and  50  per 
cent  of  the  accidents  to  passengers  occur  in  this 
manner.  Obviously,  this  class  of  accidents  is 
unaffected  by  the  system  of  traction.  By  far  the 
largest  number  of  accidents  occur  to  "other 
persons."  Of  the  total  number,  80  per  cent  of 
this  class  are  trespassers.  Of  the  accidents  to 
trespassers,  50  per  cent  result  fatally.  Such 
accidents  are  probably  beyond  the  control  of  the 
railroad,  for,  while  everybody  knows  the  danger 
attending  trespass  upon  railroad  property,  the 
facts  seem  to  be  that  no  branch  of  the  govern- 
ment, national,  state  or  municipal,  has  thus  far 
seriously  attempted  to  prevent  such  trespassing. 
A  city  ordinance  prohibits  trespassing  on  the  ele- 
vated tracks  of  steam  railroads  within  the  city 
of  Chicago,  yet  many  accidents  resulting  from 
such  trespassing  occur. 

Five  of  the  electric  railroads  in  England  made 
reports  relating  to  accidents.  Three  of  these  re- 
ports gave  statistical  facts. 

The  North  Eastern  Railway  reported  that  dur- 
ing the  year  1911  there  occurred  117  injuries  to 
passengers,  employes  and  others.  Of  this  num- 
ber only  six  were  said  to  be  due  to  electrical 
causes.  Since  the  information  is  not  explicit, 
the  actual  number  of  injuries  due  to  electrical 
causes  may  have  been  somewhat  in  excess  of  that 
stated  in  the  report.  It  appears,  however,  from 
a  comparison  of  these  data  with  the  results  of 
steam  operation  on  the  line  previous  to  its  elec- 
trification, that  the  casualties  from  electrical 
causes  have  not  been  great  in  number.  The 
engineer  who  formulated  the  report  stated  that  it 
is  "common  knowledge  on  the  line  that  fewer  acci- 
dents occur  on  electric  than  on  steam  railways." 

The  Metropolitan  District  Railway  of  London 
reported  that  out  of  a  total  of  196  injuries  from 
all  causes,  only  four  were  due  to  the  presence  of 
electric  devices.  Most  of  the  injuries  occurred 
to  passengers  as  the  result  of  falling  while  on 
stairways  or  when  entering  or  leaving  trains. 
Since  the  number  of  miscellaneous  accidents  to 
employes,  who  are  generally  in  danger  of  coming 
in  contact  with  electric  appliances,  has  decreased 
under  electric  operation  (although  it  is  not  certain 
that  this  decrease  represents  normal  results  over 
a  term  of  years),  it  is  evident  that  electric  opera- 


tion on  this  road  has  developed  no  extra  hazard 
as  regards  contact  with  electric  apparatus. 

The  Metropolitan  Railway,  also  an  under- 
ground line  in  the  city  of  London,  introduced 
electric  traction  on  its  lines  within  the  city  at 
the  same  time  as  did  the  Metropolitan  District 
Railway.  This  railroad,  however,  keeps  no  rec- 
ord of  accidents,  and  submitted  only  a  statement 
concerning  the  actual  compensation  paid  on  ac- 
count of  accidents  by  the  railroad  as  a  whole 
before  and  after  electrification.  These  figures  in- 
dicate that  there  was  a  very  marked  decrease  in 
the  compensation  for  accidents  to  passengers  and 
a  small  increase  in  the  compensation  for  accidents 
to  employes,  the  figures  in  both  cases  being  on 
a  train-mile  basis.  It  is  difficult  to  draw  any 
direct  conclusion  from  the  figures  submitted,  but 
they  do  not  appear  to  indicate  that  any  additional 
hazard  has  developed  from  electric  operation. 

The  London,  Brighton  &  South  Coast  Railway, 
which  is  a  surface  line  using  high  tension  overhead 
trolley,  gave  no  statistical  facts.  It  was  stated 
that  no  separate  record  had  been  kept  of  acci- 
dents in  steam  and  in  electric  services,  which  are 
conducted  over  the  same  tracks.  The  consulting 
engineer  of  the  railroad  stated  in  a  paper  before 
an  engineering  society,  that  during  the  first  year 
of  electric  operation  only  two  accidents  occurred 
from  electrical  causes  and  that  both  of  these  were 
due  to  gross  negligence  on  the  part  of  employes. 

Of  the  electric  railroads  in  France  only  two 
reported.  One,  the  Paris-Orleans  Railway,  present- 
ed tabular  information  showing  that,  of  a  total 
of  52  persons  injured  on  the  electric  line,  four 
were  injured  in  accidents  due  to  electrical  causes. 
These  four  accidents  occurred  to  employes  as  a 
result  of  contact  with  apparatus  on  the  cars  or 
track  or  in  the  power  stations.  Compared  with 
the  reports  of  English  railroads,  the  number  of 
electrical  accidents  on  the  Paris-Orleans  road 
appears  to  be  relatively  high. 

From  Holland  the  Rotterdam-Hague  electric 
line,  which  has  an  extensive  passenger  service 
operated  by  motor  cars,  reports  that  there  have 
been  no  injuries  to  passengers  or  employes  since 
the  opening  of  the  line  in  1908.  This 'showing 
is  extraordinary  and  has  not  been  duplicated,  so 
far  as  is  shown,  on  any  other  road.  It  seems  cer- 
tain, however,  that  no  extra  hazard  has  been  intro- 
duced on  this  road  as  a  result  of  electric  operation. 
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No  official  information  has  been  obtained  by  the 
Committee  from  electric  railroads  in  Germany 
and  in  Italy. 


locomotives.     The  power  plant  boilers  are  com- 
paratively  few   while   those  of  locomotives  are 
numerous,  and  there  seems  to  be  less  hazard  to  em- 
Comparisons  Based  upon  an  Analysis    ployes  from  the  possibility  of  burning  or  scald- 
f  Conditions:     The  incomplete  character  of  ex-     ing  under  electric  operation  than  under  steam 
iting  records  suggests  the  practicability  of  reach-     operation.     The  absence  of  steam  and  smoke  in 
*  mte-  C^dusi°n  from  an  analysis     electric  traction  eliminates  hazard  to  employes 

which 


of  the  conditions  existing  under  steam  and  under 
electric  operation.  Such  an  analysis  has  been 
made,  involving  the  following  considerations: 

1 .  An  analysis  of  the  causes  of  railroad  acci- 
dents generally  and  a  separation  of  those  which 
would  be  affected  by  a  change  of  motive  power. 

2.  The  application  of  an  estimate  based  on 
experience  as  to  the  relative  hazard  in  the  use 
of   apparatus    and    devices   involved   in   steam 
and  in  electric  railroad  operation. 

The  record  of  this  analysis  is  too  voluminous 
for  presentation  in  this  report.  It  makes  appar- 
ent the  fact  that  where  the  third  rail  system  is 
employed  there  is  not  only  danger  of  shock  from 
accidental  contact  with  the  charged  rail  but  there 
is  danger  from  the  third  rail  as  an  obstruction  in 
the  path  of  those  seeking  to  cross  tracks.  Where 
the  overhead  contact  system  is  used  there  exists 
some  danger  from  contact  with  overhead  wires 
by  trainmen  on  tops  of  cars.  Employes  on  the 
track  are  probably  more  exposed  to  danger 
from  the  quiet  movement  of  electric  trains  than 
from  the  noisier  movement  of  steam  trains,  though 
the  hazard  thus  arising  is  largely  offset  by  the 
greater  opportunity  for  vigilance  on  the  part  of 
the  motorman.  Employes  working  on  or  around 
electric  locomotives  or  cars  and  in  electric  power 
stations  and  substations  are  subjected  to  some 
hazard  through  the  possibility  of  accidental  con- 
tact with  electric  apparatus.  It  would  appear 
from  all  deductions  made  from  the  analysis,  that 
the  change  from  steam  to  electric  operation  will 
bring  with  it  no  added  risk  to  the  safety  of 
passengers;  that  the  risk  to  employes  will  be 
increased  by  an  amount  chargeable  to  the  added 
hazard  of  the  electrified  conductor;  and  that  the 
risk  to  trespassers  will  be  increased. 

The  analysis  shows  also  that  electrification 
introduces  conditions  which  distinctly  promote 
increased  safety.  For  example,  electric  traction 
substitutes  boilers  in  power  plants  for  boilers  in 


may  result  from  the  obscured  vision 
caused  by  escaping  steam  and  smoke.  Elec- 
trification makes  possible  changes  in  operating 
conditions,  the  effects  of  which  tend  to  increase 
safety.  There  is  an  entire  absence  of  locomotive 
movements  to  and  from  coal  and  water  stations 
and  there  are  fewer  movements  in  the  handling 
of  suburban  passenger  equipment  in  and  out 
of  terminals.  Every  movement  of  locomotives 
or  cars  involves  a  certain  hazard,  and  the  elimi- 
nation of  movements  in  the  accomplishment  of 
a  given  purpose  reduces  the  total  hazard. 

The  extent  to  which  the  added  hazard  attend- 
ing electrification  will,  in  the  future,  be  fur- 
ther reduced  or  neutralized  by  improvements  in 
the  design  of  equipment,  by  a  simplification  of 
operating  procedures,  by  the  enforcement  of  prop- 
er rules  and  regulations  for  the  protection  of  men 
and  by  the  introduction  and  maintenance  of  me- 
chanical safeguards,  cannot  be  definitely  shown. 
The  experience  of  electrified  roads  seems  to  indicate 
that  with  the  increased  risk  have  come  safeguards 
and  changes,  the  effects  of  which  have  largely 
or  entirely  neutralized  the  new  sources  of  danger. 

303.06  Conclusions  Concerning  the  Effect  of 
Electrification  on  Safety:  The  information  pre- 
sented by  the  preceding  sections  and,  in  more  de- 
tailed form,  by  the  Archives  of  the  Committee,  is 
insufficient  to  supply  a  basis  from  which  to  draw 
definite  conclusions  regarding  the  relative  safety 
of  steam  and  of  electric  operation.  It  is  made 
clear,  from  an  analysis  of  the  changes  involved, 
that  electrification  introduces  an  added  hazard, 
while  the  returns  from  roads  electrically  oper- 
ated make  it  equally  obvious  that  it  intro- 
duces, or  permits  the  introduction  of,  com- 
pensating influences,  with  the  result  that  the 
net  effect  of  electrification  on  safety,  favorable 
or  otherwise,  is  slight  —  probably  so  slight  as 
to  be  negligible. 
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FINANCIAL  PRACTICABILITY 
OF  ELECTRIFICATION 


401.    THE   FINANCIAL   PRACTICABILITY  OF    COMPLETE    ELECTRIFICA- 
TION OF  CHICAGO'S   RAILROAD  TERMINALS 

SYNOPSIS:  This  chapter  sets  forth  the  conditions  affecting  the  financial  practicability  of 
any  procedure  having  for  its  purpose  the  complete  electrification  of  Chicago's  railroad  terminals. 
It  shows  the  effect  of  electrification  on  the  annual  balance  sheet  of  the  railroads  and  it  gives  attention 
to  various  proposals  which  naturally  suggest  themselves  ax  means  whereby  an  unfavorable  balance 
sheet  may  be  overcome. 


401.01  Plan  of  Analysis:  The  preceding  por- 
tions of  this  report  describe  in  detail  the  re- 
sults of  a  smoke  survey  of  the  city  of  Chicago 
(chapter  105) ;  they  set  forth  a  series  of  conclusions 
with  reference  to  the  necessity  for  the  electrifica- 
tion of  railroad  terminals  as  a  means  in  smoke 
abatement  (chapter  114),  the  engineering  features 
presented  by  the  problem  of  electrification  (chap- 
ter 208),  the  cost  of  electrification  (chapter  213), 
and  the  operating  results  that  may  be  expected 
to  follow  the  substitution  of  electric  operation 
for  steam  operation  (chapter  301).  They  show  that 
the  electrification  of  the  steam  railroads  now  oper- 
ating in  the  city  of  Chicago  would  be  the  most 
extensive  and  intricate  piece  of  work  of  its  kind 
ever  undertaken;  that  it  would  introduce  diffi- 
culties in  installation  and  changes  in  operating 
procedures,  the  full  effect  of  which  cannot  be 
anticipated,  but  that,  with  adequate  financial 
backing,  complete  electrification  could  be  brought 
about.  For  the  purposes  of  this  discussion  it  is 
assumed,  therefore,  that  electrification  is  tech- 
nically feasible.  There  remain  to  be  considered 
only  the  financial  aspects  of  the  project. 

It  is  a  fact  of  some  importance,  in  considering 
the  financial  practicability  of  the  proposed  under- 
taking, that  electrification,  if  entered  upon  as  a 
result  of  compulsory  action,  must  comprehend 


all  the  37  railroads  operating  within  the  terminal 
zone.  Since  the  chief  purpose  of  electrification 
is  the  elimination  of  smoke,  it  would  be  useless  to 
require  the  roads  of  dense  traffic  to  electrify  if 
the  roads  of  light  traffic  were  to  be  absolved  from 
that  task.  Moreover,  no  two  of  all  the  roads 
entering  Chicago  are  entirely  comparable  either 
in  the  matter  of  operating  conditions  or  in  that 
of  financial  standing.  A  project  that  might 
appeal  to  some  as  an  attractive  investment  would 
make  no  appeal  to  others,  and  a  burden  that 
might  be  easily  borne  by  some  would  be  injurious 
to,  or  even  impossible  of  assumption  by,  others. 

Such  consideration  requires  that  any  analysis 
which  seeks  to  set  forth  the  financial  practicability 
of  electrification  within  the  terminal  zone  must 
assume  a  unity  of  purpose.  The  program  which 
is  accepted  as  the  basis  of  the  present  discussion  is 
that  which  underlies  the  estimates  of  installation 
costs;  it  deals  with  the  terminals  as  a  whole  and 
provides  for  the  joint  use  by  all  roads  of  certain 
facilities.  It  provides  a  minimum  installation 
cost  and  an  efficient  operating  procedure  in  pro- 
ducing and  distributing  power,  conditions  which 
are  essential  to  the  purposes  of  this  analysis. 

Approaching  the  problem  of  financial  prac- 
ticability along  broad  lines,  it  early  appears  to 
present  three  aspects,  each  of  which  brings  into 
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prominence  a  separate  set  of  conditions.  These 
aspects  of  the  problem  are  suggested  by  the 
following  questions: 

• 

1.  Can  .the  railroads,  relying  upon  existing 
sources  of  revenue  and  upon  such  new  sources  and 
economies  as  may  be  introduced  by  electrifica- 
tion, be  depended  upon  to  furnish  the  capital 
required  for  electrification? 

2.  Provided  Question   i   is  answered  in  the 
negative,  can  the  municipality  co-operate  with 
the  railroads  in  furnishing  the  capital  required 
for  electrification? 

3.  Provided  Questions  i  and  2  are  answered 
in  the  negative,  can  new  sources  of  revenue,  inde- 
pendent of  any  which  may  arise  from  electrifi- 
cation, be  opened  for  the  railroads,  whereby  an 
adequate  increment  of  revenue  may  be  assured 
for  the  support  of  the  new  capital  required  for 
electrification? 

In  preparation  for  a  discussion  of  these  phases 
of  the  question,  it  is  necessary  to  have  clearly  set 
forth  the  results  of  the  Committee's  investigation 
respecting  the  necessity  and  cost  of  electrification 
and  the  estimated  return  which  will  result  from 
electric  operation. 

A  SUMMARY  OF  FACTS  ESTABLISHED 

401.02  The  Necessity  for  Electrification:  Elec- 
trification has  been  proposed  as  a  means  in  smoke 
abatement.  The  extent  to  which  the  elimination 
of  the  steam  locomotive  and  the  establishment  of 
electric  operation  would  reduce  the  pollution  of 
the  atmosphere  of  the  city  may  be  summarized 
as  follows:*  . 

1.  The   amount  of  visible  smoke  discharged 
into  the  atmosphere  of  Chicago  would  be  re- 
duced    20  per  cent 

2.  The    amount    of    solid    constituents    of 
smoke  (soot,  ash  and  fuel  particles)  discharged 
into    the    atmosphere    of    Chicago    would    be 
reduced 5  per  cent 

3.  The  amount  of  dust  and  dirt  in  the  atmos- 
phere of  Chicago,  arising  from  all  sources,  would 
be  reduced 4  per  cent 

4.  The  volume  of  gaseous  products  of  com- 
bustion discharged  into  the  atmosphere  of  Chi- 
cago would  be  reduced      ....     5  per  cent 

The  facts  show  that  the  effect  of  electrification 
as  a  means  in  smoke  abatement  will  be  slight. 
They  show  that  there  are  other  fuel  consuming 
services,  especially  the  high  pressure  steam  boiler 
service  and  the  manufacturing  service,  which  are 

•See  chapter  114,  "The  Necessity  for  the  Electrification  of  the  Railroad 
Terminals  of  Chicago,  as  a  Means  in  Smoke  Abatement." 


more  prolific  contributors  to  the  i>ollution  of  the 
atmosphere  than  the  locomotive  service.     If  the 
abatement   of   locomotive    smoke    is    inij>ortant, 
the  abatement  of  smoke  from  these  other  scr 
is  more  important. 

401.03      Installation   Cost    of    Electrification: 
The  Committee's  estimate  respecting  cost  (chap- 
ter 213)  covers  four  general  phases  or  grouj 
cost.     These  are: 

1.  The   cost  of  all    new    facilities,  including 
fixed  and  rolling  equipment,  which  must  be  ap- 
plied to  existing  lines  and  terminals  in  order  to 
provide  for  electric  operation. 

2.  The  cost  of  such  changes  in  the  existing 
railroad    lines    and    structures  as  may  be   nec- 
essary to  admit  the  new  procedure. 

3.  The  first  cost  and  present  value  of  prop- 
erty released  for  use  elsewhere  or  abandoned. 

4.  The  cost  of    new   establishments    to    be 
created  beyond  the  limits  of  electrification  for 
steam  operation. 

The  capital  or  construction  costt  covering  the 
four  elements  enumerated,  on  the  basis  of  1912, 
may  be  set  forth  as  follows: 


6. 

jr. 


1.  Power  station 

2.  Transmission  system 

3.  Substations 

4.  Switching  stations 

5.  Contact  system 

Bridge  warnings 

Return  circuit 

8.  Elimination  of  inductive  effects  and  electroly- 

sis      

9.  Telephone  system .1    . 

10.  Electric  locomotives,  multiple-unit  equipment, 

work  and  inspection  equipment  .... 

Spare  parts 

Changes  in  overhead  structures  .... 

Changes  in  wire  linesj 

Changes  in  signal  system      ...... 

Removal  and  re-establishment  of  locomotive 

terminals  and  new  facilities  . 


$10,302,104 
1,618,693 
2,024,736 

573.073 

28,141,188 

1,071,989 

4-446,033 


Total  . 


996,727 
272,052 

91.703.557 
485.343 
834,261 
2,028,007 
6,111,407 

37.293.746 
$187,902,916 


This  represents  the  installation  cost  under  the 
plan  of  the  Committee  and  is  the  basis  of  the 
Committee's  analysis  of  financial  practicability. 
The  total  capital  requirement  is  elsewhere  shown 
(section  213.116)  to  be  nearly  a  hundred  million 
dollars  in  excess  of  this  amount,  but  for  purposes 

t  Estimates  of  the  cost  of  electrification  have  been  made  for  three  distinct 
systems  (or  making  use  of  electric  current,  namely,  the  boo- volt  direct  current, 
the  a,4OO-volt  direct  current  and  the  1 1  .ooo-volt  alternating  current  systems 
(chapter  213).  In  order  that  the  discussion  of  financial  practicability  may  be 
definite,  the  facts  respecting  cost  as  developed  for  the  n.ooo-volt  alternating 
current  system  are  used.  This  does  not  forecast  an  opinion  as  to  the  relative 
desirability  of  the  different  systems. 

t  Wire  lines  are  not  all  owned  by  the  railroad  companies.  While  the  cost  of 
changing  them  n  a  proper  charge  against  electrification,  the  Committee  doea 
not  undertake  to  say  who  shall  be  responsible  for  the  cost. 
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of  this  analysis  this  excess  cost  must  be  carried 
forward  as  indeterminate.* 

401.04  Net  Installation  Cost:     To  obtain  the 
net  cost  of  electrification,  it  is  necessary  to  deduct 
from  the  gross  cost,  as  set  forth  in  the  preceding 
section,  the  salvage  on  property  abandoned  and 
released  from  local  transportation  service.     The 
facts  involved  are  as  follows: 

1 .  Cost  of  electrification,  including  all  details  neces- 

sary to  make  up  the  new  establishment,  and 
all  changes  in  existing  facilities  made  necessary 
by  the  introduction  of  new  equipment  but  not 
including  any  general  revision  of  terminals  .  $187,902,916 

2.  Net  salvage  (section  213.139) 9,775.686 

Net  cost $178,127,230 

The  preceding  statements  make  clear  three 
points  of  importance: 

1.  That  the  amount  of  money  which  the  rail- 
roads will  probably  find  it  desirable  to  expend  in 
electrification   and  in  betterments  precipitated 
thereby  is      . $374,440,630 

2.  That  the  amount  which  must  be  available  to 
satisfy  the  requirements  of  a  minimum  plan  as 
outlined  by  the  Committee,  excluding  all  precipi- 
tated costs,  is $187,902,916 

3.  That,  assuming  the  railroads  to  be  going 
concerns  having  needs  arising  from  growth  in 
many  directions  which  will  absorb  released  equip- 
ment and  salvage  values,  the  minimum  demand 
on  the  investment  fund  due  to  the  project  of  elec- 
trification is  reduced  to      .     .     .      $178,127,230 

401.05  Abandoned  Property  Cost:  A  program 
of  electrification,  such  as  is  under  consideration, 
involves   the   abandonment  of  certain   terminal 
property  which  is  now  used  by  railroads    and 
which,  in  the  absence  of  electrification,  will  con- 
tinue  to  be  so  used  as  long  as  the  terminals 
are  operated  by  steam  locomotives.     This  means 
the  dissipation  of  a  certain  amount  of  existing 

*  Attention  has  been  directed  elsewhere  (section  213.111)  to  the  fact  that  the 
estimates  of  the  Committee  as  herein  set  forth  are  not  the  fall  costs  which  will 
be  imposed  by  electrification.  The  total  demand  for  capital  has  been  set  forth 
(section  213.116)  as  follows: 

1.  Net  cost  of  electrification,  including  all  details  necessary 
to  make  up  the  new  establishment  and  all  changes  in  existing 
facilities  made  necessary  by  the  introduction  of  new  equip- 
ment, as  denned  by  the  plan  of  the  Committee  (section  2 1  3.  139)1178.1 27,230 

2.  Added  costs  to  cover  departures  from  the  Committee's  plan, 
deemed  necessary  by  railroads  interested,  and  to  cover  better- 
ments precipitated  by  electrification 06.313. 41x1 

Total  capital  requirement 1274.440,630 

The  added  costs  to  cover  departures  from  the  Committee's  plan,  which 
may  be  deemed  necessary  by  railroad  officials,  and  to  cover  betterments 
precipitated  by  electrification  are  not  carried  into  the  analysis  which  follows, 
because: 

1.  So  far  as  they  arise  from  an  extension  of  plans  for  electrification,  they 
are  not  paralleled  by  the  formulated  statement  of  operating  results;  these, 
as  presented,  are  limited  by  the  Committee's  plan. 

2.  So  far  as  they  are  non-related  to  electrification  itself  but  are  costs  which 
are  precipitated  thereby,  they  are  not  a  charge  against  electrification. 

For  the  purposes  of  the  discussion  which  follows,  therefore,  a  specific  value 
for  these  added  costs  cannot  appear.  They  can  only  be  referred  to  as  inde- 
terminate. 


assets.     The   engineering   estimates   of  terminal 
property  to  be  abandoned  are  as  follows :  t 

Terminal  property  to  be  abandoned  (not  charge- 
able to  capital) $2,317.957 

While  it  is  true  that  the  property  to  be  aban- 
doned to  make  room  for  an  improvement  should 
be  included  in  the  cost  of  the  improvement,  it  is 
not  a  capital  charge.  It  is  lost  to  the  railroads. 
It  cannot  be  charged  to  new  construction  nor  can 
it  be  retained  in  the  old  capital  account.  It  must 
be  charged  to  profit  and  loss,  or  be  carried  as  a 
deferred  asset  and  written  out  of  the  accounts 
by  annual  charges  against  subsequent  revenues. 
The  latter  course  will  be  followed,  it  being  as- 
sumed that  such  charges  will  be  made  over  a 
period  of  ten  years. 

401.06  The  Return  on  the  Investment  :t  In 
forecasting  the  financial  practicability  of  any 
undertaking  that  involves  the  investment  of  free 
capital,  it  is  necessary  to  estimate  prospective 
revenues  and  expenses,  and  to  consider  the  value 
of  benefits  likely  to  accrue.  The  more  impor- 
tant possible  sources  of  benefit  to  be  expected 
from  the  electrification  of  Chicago's  railroads  are: 

t.  Direct  money  return  through  reduced  ex- 
pense in  operation. 

2.  Increased  capacity  of  terminals. 

3.  Return  in  the  form  of  higher  quality  of 
service. 

4.  The  intensive  use  of  property  at  present 
utilized  for  railroad  purposes  only. 

5.  The  extension  of  electric  service   from   a 
source  made  necessary  for  traction  purposes  to  all 
purposes  for  which  such  service  is  required  by  the 
railroads. 

A  detailed  discussion  of  these  several  sources  of 
possible  return  has  already  been  presented.  For 
the  present  purpose  they  may  be  grouped  under 
two  general  heads,  the  first  to  include  those  items 
which  can  be  given  a  money  value,  and  the 
second,  those  which  must  remain  indeterminate 
in  value.  The  determinate  factors  are  all  em- 
braced by  the  operating  results.  T  A  summarized 
statement  of  the  return  to  be  expected  from  the 
electrification  of  Chicago's  railroads  may  be  set 
forth  as  follows: 

Net  annual  saving  in  operation  (i  1,000- 


volt  a.  c.  system) 
Value  of  indeterminate  benefits 
Total  return 


$2.336.693  + 
Indeterminate 

$2,336,693  + 


t  See  Chapter  213. 

}  A  foil  discussion  of  the  results  of  electrification  which  will  accrue  to  the 
railroads  will  be  found  in  section  301.17  of  this  report. 
1  See  Chapters  301  to  303,  inclusive. 
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FINANCIAL  PRACTICABILITY 

401.07  The  Test  of  Financial  Practicability: 

The  test  of  the  financial  practicability  of  any 
proposal  that  involves  the  investment  of  free 
capital  lies  in  the  willingness  on  the  part  of  those 
who  control  such  capital  to  make  the  investment. 
It  must  be  assumed  that  those  who  control  the 
capital  possess  ordinary  business  intelligence  and 
integrity.  Whether  appeals  for  credit  are  made 
to  individuals,  to  established  corporations,  to  the 
government,  or  to  an  organization  that  makes  use 
of  all  three  of  these  agencies,  the  prospectus  on 
which  the  appeal  is  made  must  set  forth  reason- 
able means  for  expectation  of  financial  success. 
The  particular  proposal  under  consideration  is 
the  electrification,  within  prescribed  limits,  of  all 
railroads  which  enter  or  operate  within  the  city 
of  Chicago,  such  electrification  being  an  essential 
part  of  a  general  plan  for  smoke  abatement 
within  the  city.  Can  this  proposal  be  organized 
in  such  a  way  as  to  make  the  program  financially 
practicable  ? 

401.08  The  Credit  of  the  Railroads:      It  will 
be  assumed  that  the  combined  credit  of  the  37 
railroads  which  would  be  affected  by  the  pro- 
posal to  electrify  is  adequate  to  carry  the  cost 
of  electrification,  but  this  alone  does  not  war- 
rant the  assumption  that  the  railroads  are  able 
to   finance  the  project.     Some  of  the  railroads 
concerned  are  continental  lines.     Together  they 
reach  from  the  Atlantic  to  the  Pacific  and  from 
the  Great  Lakes  to  the  Gulf.     No  single  locality 
is  responsible  for  the  enormous  credit  controlled 
by  these  properties  and  hence  no  single  locality 
is  at  liberty  to  claim  exclusive  benefit  of  that  credit. 

The  various  railroads  are  interested  in  the  uni- 
form development  of  the  territory  in  which  they 
operate.  This  is  essential  for  the  protection  of 
their  transportation  interests  and  the  railroads 
are  consequently  debarred  from  showing  local 
preference.  Nor  is  it  proper  for  a  municipality  to 
claim  for  itself  more  than  a  just  and  reasonable 
proportion  of  the  aggregate  credit  of  the  railroads 
upon  which  it  depends  for  transportation  service. 
Even  if  it  did  present  such  a  claim  and  passed  an 
ordinance  for  its  expression,  it  is  scarcely  con- 
ceivable that  the  courts  would  grant  their  ap- 
proval. The  railroad  credit  belongs  wherever  the 
railroad  goes.  Not  all  the  railroads  of  Chicago 
are  Illinois  corporations,  and  some  cannot  issue 


additional  securities  either  in  stocks  or  bonds 
without  first  having  the  approval  of  other  states.* 

It  seems  reasonable,  therefore,  to  assert  that 
the  existence  in  the  hands  of  railroads  of  potential 
credit  adequate  to  meet  the  cost  of  electrification 
is  no  ground  for  assuming  that  the  railroads  are 
able  to  furnish  the  required  capital. 

Several  other  pertinent  observations  are  sug- 
gested in  this  connection: 

1.  The  credits  of  the  individual  railroads,  the 
properties  of  which  makeup  the  Chicago  railroad 
terminals,  differ  greatly.     Some  have  high  credit 
and  could  secure  funds  for  almost  any  project 
which  their  managements   might  care  to  pro- 
pose; others  must  prove  the  profitable  character 
of  a  particular  project  before  underwriters  would 
consider  the  placement  of  their  securities;  others 
would  find  it  difficult  to  borrow  on   reasonable 
terms  even  if  the  particular  project  for  which  the 
funds  were  sought  promised  some  return ;  and  still 
others  are  in  the  hands  of  receivers,  their  adminis- 
trative function  being  performed  by  the  courts. 
These  facts  cannot  be  overlooked  in  estimating 
what  portion  of  the  potential  credit  of  the  railroads 
is  available  for  the  purpose  of  electrification. 

2.  Certain  railroads  making  up  the  Chicago 
terminals  operate  entirely  within  the  prescribed 
zone,  while  for  others  the  great  predominance  of 
traffic  lies  outside  the  terminal  limits.     There  is 
more  to  this  contrast  than  is  implied  by  the  fact 
that  some  of  the  roads  involved  are  switching 
roads   while   others   are   long-haul   freight   and 
passenger  roads.     Complete  electrification,  from 
a  financial  point  of  view,  would  affect  but  a  rela- 
tively small  part  of  the  fixed  investments  of  some 
roads,  while  for  others  it  would  require  practically 
the  rebuilding  of  the  property.     This  fact  is  of 
great  importance  in  measuring  the  credit  avail- 
able for  the  project  of  electrification.     The  ques- 
tion to  be  asked  is  not,  "What  is  the  credit  of  a 
railroad,"  but,  "What  is  the  credit  of  a  road  in 
•view  of  the  particular  project  under  considera- 
tion?"    The  road  whose  credit  stands  high  when 
considered  in  relation  to  its  capital  investment; 
its  revenues,  its  strategic  position  or  to  a  normal 
program   of   investments,   may   fail   entirely   if 
called  upon  to  support  an  improvement  that  in- 
volves the  rebuilding  of  its  property. 

3.  Electrification  is  a  matter  which  may  present 
greater  advantages  in  connection  with  certain 
classes  of  service  than  with  other  classes  of  service; 
for  example,  the  electrification  of  a  railroad  having 
a  large  suburban  business  would  be  more  effective 
in  developing  opinion  favorable  to  the  railroad 
concerned  than  the  electrification  of  a  road,  the 
activities  of  which  are  wholly  those  of  freight 
switching  yards.     Upon  this  basis,  the  railroads 
which  operate  the  railroad  terminals  of  Chicago 

*  For  example,  the  Chicago  &  North  Western  Railway  cannot  issue  additional 
securities  without  the  consent  of  the  state  commissions  ol  Illinois.  Wisconsin. 
Michigan  and  Nebraska. 
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do  not  have  the  same  relative  interests.  A  few 
only  depend  upon  passenger  traffic  within  the 
city  limits  for  any  considerable  amount  of  their 
revenue;  a  larger  number  derive  passenger  rev- 
enue within  the  terminals  from  the  movement 
of  through  passengers  only;  while  other  roads 
perform  little  or  no  passenger  service.  These 
varying  conditions  assume  considerable  signifi- 
cance, since  they  make  apparent  the  fact  that 
the  anticipated  increase  in  revenue  resulting 
from  electrification  must  be  estimated  on  a 
different  basis  for  each  railroad  concerned. 

4.  The  extent  to  which  individual  railroads 
have  recently  made  large  capital  expenditures 
for  terminal  improvements,  track  elevation  and 
enlargement   of  facilities   in   Chicago,   and   the 
extent  to  which  they  are  committed  to  further 
expenditure   for  these    purposes    must   have  a 
material  bearing  on  their  ability  to  make  expend- 
itures for  new  projects.    It  is,  therefore,  necessary 
to  place  the  demand  for  capital  on  account  of 
electrification  in  comparison  with  other  classes  of 
demands  before  concluding  that  the  credit  of  the 
roads  concerned  can  furnish  the  required  capital. 

5.  Increased  capitalization  may  affect  adverse- 
ly outstanding  securities,  the  interests  of  security 
holders  and  in  turn  the  credit  of  the  corporation. 
Its  tendency  is  to  increase  the  cost  to  the  corpora- 
tion of  subsequent  borrowings. 

401.09  Electrification  as  a   Railroad   Invest- 
ment:     It  is  now  possible  to  take  up  the  first  of 
the  three  questions  which  it  is  the  purpose  of  this 
discussion  on  financial  practicability  to  answer. 
Can  the  railroads  operating  within  the  terminal 
zone  of  Chicago  be  relied  upon  to  furnish  the 
required  capital  for  electrification? 

The  annual  charges  which  must  be  Ijorne  by 
the  project  of  electrification,  if  it  is  to  be  justified 
as  a  sound  business  investment  on  the  part  of  the 
railroads,  are  taxes,  interest  on  capital,  deprecia- 
tion charges  and  deferred  charges  on  abandoned 
property.  Each  of  these  charges  will  be  considered. 

401.10  Charges  to  Cover  Taxes:     The  extent 
to  which  the  new  materials  and  equipment  making 
up  the  facilities  of  electrification  will  involve  the 
railroads  in  increased  charges  for  taxes,  consti- 
tutes a  matter  concerning  which  widely  varying 
expert  opinions  have  been  expressed.     The  com- 
plications   of    the    problem    are    such    that    the 
Committee  presents  no  numerical  estimate.     The 
increased  amount,  therefore,  which  the  railroads 
would    pay    in    taxes,    in    1922    and    thereafter, 
assuming  the  Chicago  terminals  to  be  completely 
electrified,  must,  for  the  purposes  of  this  report, 
remain  indeterminate. 

401.11  Interest  Charges:    The  rate  of  interest 


required  will  vary  with  the  credit  of  the  enterprise 
and  the  state  of  the  money  market.  If  the  credit 
used  to  raise  the  needed  capital  is  railroad  credit 
and  if  the  project  is  to  proceed  according  to  the 
program  of  construction  set  forth  by  the  estimates 
of  this  report,  five  per  cent  is  not  too  high  a  rate 
by  which  to  compute  the  annual  interest  charge. 

Five-  JKT  i-ent  of  5178,127,250 -$8,906,362 

401.12  Depreciation  Charge:  The  term  "de- 
preciation," as  herein  used,  refers  to  the  dim- 
inution which  takes  place  in  the  value  of  a  facil- 
ity in  spite  of  the  amount  expended  upon  it  in 
repairs.  As  defined  by  the  Interstate  Commerce 
Commission,  it  covers: 

1.  The   losses   suffered    through    the    current 
lessening  in  value  of  tangible  property  from  wear 
and  tear  (not  covered  by  current  repairs). 

2.  Obsolescence  or  inadequacy  resulting  from 
age,  physical  change,  or  supersession  by  reason  of 
new  inventions  and  discoveries,  changes  in  popu- 
lar demand  or  public  requirements. 

3.  Losses  suffered  through  destruction  of  prop- 
erty by  extraordinary  casualties. 

It  is  in  this  broad  sense  that  the  term  is  hrn-in 
used.  In  further  consideration  of  this  element 
of  cost,  the  fact  should  be  borne  in  mind  that 
maintenance  of  the  new  establishment  incident 
to  electrification  has  been  already  provided  for 
(chapter  301). 

All  the  property  involved  in  the  electrification 
project,  except  real  estate,  is  subject  to  deprecia- 
tion, but  that  does  not  mean  that  electrifica- 
tion should  bear  a  depreciation  charge  computed 
on  all  that  property.  To  a  limited  extent  the  units 
of  property  which  make  up  the  physical  fabric 
of  electrification  are  replacements  of  units  of  prop- 
erty already  productive  of  revenues  under  steam 
locomotive  operation.  To  the  extent  of  these  re- 
placement units,  the  revenues  which  already  ex- 
ist, not  the  new  revenues  to  be  opened  up  by  elec- 
trification, should  bear  the  depreciation  charge. 
The  electrification  project  should  be  charged  only 
with  the  depreciation  on  property  that  is  new  in 
kind.  For  example,  the  power  station,  both  its 
buildings  and  equipment,  the  substations  and  the 
transmission  lines  are  peculiar  to  the  electrification 
project,  and  for  that  reason  the  depreciation  on 
them  should  be  covered  by  electrification  revenues ; 
but  the  depreciation  on  alterations  to  buildings 
and  bridges,  or  changes  in  wire  lines  which  are 
merely  subject  to  modification  in  form  to  adapt 


FINANCIAL  PRACTICABILITY  OF  COMPLETE  ELKC  TKII- It  ATION 


them  to  new  requirements,  should  be  charged 
against  revenues  derived  from  pre-existing  sources. 
When  replacement  units  required  by  electrification 
are  of  greater  cost  than  the  steam  operating  units 
replaced,  as  in  the  case  of  re-located  terminal 
facilities  for  the  care  of  steam  locomotives,  the  de- 
preciation on  the  excess  cost  may  properly  be 
charged  to  electrification. 

Upon  this  basis,  the  items  which  are  subject  to  a 
depreciation  charge  and  the  corresponding  installa- 
tion costs,  are  as  follows: 

1.  Power  station $10,302,104 

2.  Transmission  system  .      .      .      .  •      1,618,693 

3.  Substations 2,024,736 

4.  Switching  stations       ....  573.073 

5.  Overhead  contact  system.      .      .  28,141,188 

6.  Bridge  warnings 1,071,989 

7.  Return  circuit 4,446,033 

8.  Prevention   of   inductive   effects 

and  electrolysis 996,727 

9.  Telephone  system        .      .     .     .  272,052 
10.  Electric    locomotives,     multiple- 
unit  equipment,  work  and  in- 
spection equipment       .      .      .       91,703,557 

n.  Spare  parts 485,343 

12.  Removal  and  re-establishment  of 

steam  locomotive  terminals     .       37,293,746 

Total $178,929,241 

The  items  which  are  not  subject  to  a  depre- 
ciation charge,  and  the  amounts  involved,  are 
as  follows: 

1.  Alterations  to  buildings  and  bridges  .     $    834,261 

2.  Changes  in  wire  lines    .      .      ...      .       2,028,007 

3.  Changes  in  signals   .      .     .     .     .      .       6,111,407 

Total $8,973,675* 

Methods  of  accounting  by  which  the  deprecia- 
tion charge  is  made  vary  greatly.  As  applied  to 
public  utilities,  it  is  sometimes  taken  as  a  per- 
centage of  the  gross  receipts.  It  is  most  fre- 
quently based  upon  installation  cost  or,  when  the 
amount  of  this  is  unknown,  upon  an  appraised 
replacement  value.  For  the  present  purpose,  the 
charge  to  depreciation  may  be  based  upon  the 
estimated  installation  cost. 

The  value  of  the  depreciation  factor  necessarily 
depends  upon  the  manner  in  which  it  is  applied, 
whether,  for  example,  as  a  fixed  percentage  of  the 
installation  cost,  applied  year  after  year,  or  as  a 
percentage  applied  to  the  depreciated  values  as 
reduced  by  the  accountings  of  successive  years. 
Whatever  the  method,  the  process  of  fixing  the 
rate  must  ultimately  refer  to  two  fundamental 

*  These  values  are  based  upon  the  plan  of  the  Committee.     The  cost  esti- 
mated by  the  railroads  is  in  excess  of  amounts  here  given  (chapter  a  13). 


facts,  namely,  the  probable  life  of  the  facility  and 
idual  value  at  the  end  of  th;it  |H-riod,  either 
for   use   in   secondary   service  or  as  scrap.     The 
determination  of  tin-  constitutes  the  most 

difficult  aspect  of  the  problem  of  depreciation. 
In  the  further  discussion  of  this  a  t  the 

matter,  it  will  be  convenient  to  segregate  the 
various  details  of  the  electrification  establishment 
as  already  set  forth,  into  groups,  the  several 
elements  of  which  are  more  or  less  similar  in 
character.  The  result  of  such  a  process  is  as 
follows  : 

Group  I: 

Power  station  .  .  .  $10,302,104 
Substations  ....  2,024,736 
Switching  stations  .  .  573,073 

Prevention    of    inductive 

effects    and  electrolysis        996,727 
Spare  parts    ....  4*5.343 


Group  II: 

Electric  locomotives,  multi- 
ple-unit equipment,  work 
and  inspection  equipment  $-)i  ,703,557 

Group  III: 

Transmission  system      .  $  1,618,693 

Overhead  contact  system  28,141,188 

Telephone  system     .      .  272,052 

Bridge  warnings        .      .  1,071,989 

Return  circuit      .      .      .  4,446,033 

$35.549,955 
Group  IV: 

Removal  and  re-establish- 


ment of  steam  locomotive 
terminals    .      ;     .     . 

Total 


$37.293.74'' 


$178,929,241! 

Group  I  includes  chiefly  the  power  station  and 
substations.  The  estimates  cover  an  amount  of 
real  estate  which  is  relatively  so  small  as  to  be 
negligible.  They  cover  the  cost  of  buildings  which 
may  be  assumed  to  have  a  comparatively  long 
life  and  a  correspondingly  low  rate  of  depreciation. 
They  cover  electric  equipment  which  is  not  dif- 
ferent in  character  from  that  in  use  by  utility 
corporations  in  many  cities.  This  group  probably 
represents  the  most  stable  portion  of  the  electric 
establishment.  It  has  been  determined  to  accept 
a  flat  rate  of  four  per  cent  per  annum  as  applica- 
ble to  the  entire  cost  of  this  group.  This  implies 
that  a  lower  value  would  normally  be  taken  for 
buildings  and  a  higher  value  for  machinery.  Ap- 
plied each  year  to  the  installation  cost,  four  per 

t  This  value  is  based  upon  the  plan  of  the  Committee.  The  amount  which 
is  to  be  depreciated  under  the  estimate*  of  the  railroads  will  be  in  excess  of  that 
given  (chapter  aij). 
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cent  will,  if  credited  to  a  sinking  fund  capable 
of  earning  five  per  cent  per  annum,  produce  in  15 
years  85  per  cent  of  the  actual  installation  cost, 
and  in  17  years  the  original  cost.  Upon  the  ba- 
sis set  forth,  the  annual  charge  for  the  deprecia- 
tion of  the  facilities  of  Group  I  will  be: 

Four  per  cent  of  $14,381.983  -$575.279 

Group  II  represents  rolling  equipment,  which 
includes  electric  locomotives  for  switching,  freight 
and  passenger  services,  multiple-unit  equipment 
and  certain  repair  equipment.  The  world's  expe- 
rience with  such  equipment  is  thus  far  limited,  and 
those  best  acquainted  with  the  subject  hesitate 
to  say  how  long  a  given  installation,  though  well 
maintained,  will  serve  the  purpose  for  which  it 
was  designed.  Considered  merely  as  machines 
designed  to  perform  certain  definite  functions 
under  prescribed  conditions,  electric  rolling  equip- 
ment may  very  properly  be  credited  with  a 
longevity  equal  to  that  of  most  other  machinery ; 
but  with  electric  locomotives  and  motor  cars,  long 
life  is  endangered  by  many  influences,  especially 
by  the  appearance  of  new  ideas  and  improvements. 
Attention  has  already  been  called  to  the  exper- 
imental aspect  of  an  undertaking  so  extensive  as 
that  which  is  involved  by  the  electrification  of 
Chicago's  railroad  terminals,  where  many  details 
of  the  whole  procedure  must  assume  forms  which 
are  tentative.  The  whole  science  and  art  of 
electrification  is  progressing  so  rapidly  that  the 
engineer  who  makes  his  specifications,  in  the  light 
of  present-day  knowledge,  in  the  expectation  of 
meeting  the  requirements  of  an  enterprise  which  is 
to  become  operatively  effective  in  1922,  cannot  be 
sure  that  the  establishment  for  which  he  provides 
will  be  serviceable  in  1937,  15  years  after  the  com- 
pletion of  the  initial  investment.  Such  consid- 
erations not  'Only  justify  but  require  the  assump- 
tion of  a  comparatively  short  life.  The  Committee 
assumes  that  the  facilities  of  this  group  should 
be  subject  to  a  depreciation  charge  of  not  less 
than  five  per  cent,  which,  applied  each  year  to 
installation  cost,  will,  if  credited  to  a  sinking  fund 
capable  of  earning  five  per  cent  per  annum,  pro- 
duce in  13  years  88  per  cent  of  the  installation 
cost  and  in  15  years  the  original  cost. 

Upon  the  basis  set  forth,  the  annual  charge 
for  the  depreciation  of  the  facilities  of  Group  II 
will  be  as  follows: 


Five  per  cent  of  $9i.7<>3.557  =$4.585."78 

From  this  amount  there  must  be  deducted  a 
sum  equal  to  that  which  presumably  is  now  being 
charged  to  cover  the  depreciation  of  steam  loco- 
motives and  cars  released.  The  first  cost  of  such 
equipment  released  has  already  been  set  forth 
(chapter  213).  It  amounts  to  $20,480,944.  The 
actual  amounts  which  are  being  charged  off  by 
the  railroads  for  the  depreciation  of  such  equip- 
ment vary  greatly.  It  is  believed  that  comparable 
results  will  be  secured  by  assuming  four  per  cent 
of  first  cost  as  the  rate  of  depreciation  on  such 
equipment.  The  credit,  therefore,  is: 

Four  per  cent  of  $20,480,944— $819,238 

The  accounting  for  the  depreciation  of  the  facil- 
ities of  Group  II,  arising  from  electrification,  is: 

Annual  charge  to  depreciation,  to  cover  new 

rolling  equipment $4,585.  i 

Depreciation  of  rolling  equipment  released        819,23* 

Net  annual  depreciation  of  rolling  equipment  >  ;.rfiVi  V ' 

Group  III  covers  transmission  lines,  overhead 
contact  system,  the  return  circuit  (bonding)  and 
other  details  comparable  with  these.  This  group, 
while  representing  facilities  different  in  character 
from  those  included  in  Groups  I  and  II  and 
while  subject  to  diffen-nt  influences,  stands,  on 
the  whole,  substantially  upon  the  same  basis. 
The  longevity  of  the  bonding  is  a  function  of  the 
life  of  the  track,  and  the  rebuilding  or  replace- 
ment of  track  will  necessarily  involve  reconstruc- 
tion of  the  bonding,  however  well  maintained  the 
existing  system  may  be.  The  overhead  contact 
system,  while  designed  in  accordance  with  the 
highest  standards  recognized  by  present-day  prac- 
tice, may  be  entirely  inadequate  to  meet  require- 
ments which  may  be  introduced  by  changes  in 
related  facilities  made  possible  or  necessary  by 
improved  practice.  The  facilities  of  this  group 
should,  therefore,  be  subject  to  a  depreciation 
charge  of  not  less  than  five  per  cent.  Upon  this 
basis  the  annual  charge  for  the  depreciation  of 
the  facilities  of  Group  III  will  be: 

Five  per  cent  of  $35.549.955  -$1.777,498 

Group  IV  covers  removal  and  re-establishment 
of  steam  locomotive  terminals,  less  the  present 
value  of  facilities  abandoned.  Under  this  caption 
are  included  all  items  which  enter  into  the  cost 
of  the  new  transfer  establishments  which,  for 
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each  road,  mark  the  termination  of  the  electrified 
trackage.  Of  this  group,  15  per  cent  of  the  cost 
covers  land  and  grading,  which  is  not  regarded 
as  subject  to  depreciation;  32  per  cent  covers 
the  cost  of  buildings,  including  transfer  stations, 
roundhouses,  locomotive  inspection  sheds  and  the 
equipment  of  these,  which,  because  of  the  use 
to  which  they  are  to  be  put,  should  be  subject 
to  a  relatively  high  depreciation  charge;  the  re- 
maining 53  per  cent  covers  new  tracks  needed 
in  transfer  yards,  overhead  contact  system  and 
other  electric  facilities  needed  for  the  operation  of 
such  tracks,  ash-pits,  coaling  stations,  and  turn- 
tables, many  of  which  facilities  must  be  subject 
to  a  very  high  depreciation  charge.  An  exten- 
sion of  electric  operation  by  any  road  to  include 
a  full  operating  division  would  at  once  render  in- 
termediate transfer  establishments  unnecessary. 
The  Committee  has  assumed  that  a  depreciation 
factor  of  five  per  cent  may  properly  be  applied  to 
the  group. 

Upon  the  basis  set  forth,  the  annual  charge  for 
depreciation  of  the  facilities  of  Group  IV  will  be: 
Five  per  cent  of  $37, 293, 746  =$1,864,687 

From  this  amount  there  must  be  deducted  a 
sum  equal  to  that  which  presumably  is  now  being 
charged  to  cover  the  depreciation  of  steam  loco- 
motive terminal  facilities  released.  The  first  cost 
of  terminal  facilities  released  has  been  set  forth 
elsewhere  (chapter2i3).  It  amounts  to  $3,502,530. 
That  the  credit  may  be  comparable  with  the 
charge,  the  depreciation  rate  is  taken  as  five  per 
cent  of  the  first  cost.  The  credit,  therefore,  is: 

Five  per  cent  of  $3,502,530  -$175,126 

The  accounting  for  the  depreciation  of  the 
facilities  of  Group  IV,  arising  from  electrifica- 
tion, is  as  follows: 

Annual  charge  to  depreciation,  to  cover 


$1,864,687 


facilities     released    or 


175,126 


new  facilities 

Depreciation     of 
abandoned 

Net  annual  depreciation        ....  $1,689,561 

On  the  basis  set  forth  by  the  preceding  para- 
graphs, the  annual  depreciation  charge,  by  groups, 
may  be  presented  as  follows: 

Group  I $   575.279 

Group  II 3,765.940 

Group  III 1.77.7.498 

Group  IV 1,689,561^ 

Total  .     .      .  $7,808,278 


The  depreciation  charge  as  thus  determined  is 
equivalent  to  that  which  would  result  from  a 
flat  rate  of  4.36  per  cent  applied  to  the  entire  cost 
of  electrification  under  the  plan  of  the  Committee, 
namely,  $178,939,341. 

401.13  Charges  for  Abandoned  Property:  A 
fourth  charge  against  the  project  of  electrification 
is  the  restoration  of  dissipated  assets  resulting 
from  the  substitution  of  electric  for  steam  opera- 
tion.    The  manner  in  which  this  is  to  be  attained, 
so  far  as  it  affects  the  railroads,  is  not  important 
for  the  purposes  of  this  report,  but  the  rapidity 
with  which  this  replacement  is  to-  be  accomplished 
and   the   date   when   the   charge   begins   are   of 
importance.     In  order  to  submit  an  accounting 
statement  in  concrete  form,  it   will  be  assumed 
that  $2,317,957*  (chapter  213)  of  abandoned  prop- 
erty will  be  replaced   by   an   annual   charge   of 
$231,796  for  ten  years,  and  that  accrual  for  this 
charge  should  begin  immediately  on  the  close  of 
the  construction  period. 

401.14  The    Accounting    Statement:   An   ac- 
counting statement   from  which  one  may  con- 
clude whether  or  not  reliance  can  be  placed  upon 
the  credit  of  the  railroads  to  furnish  the  free 
capital  required  for  carrying  through  the  elec- 
trification project,  may  now  be  submitted.     It 
shows    the    annual    charges    and    the    revenues 
properly  credited  to  electrification,  as  follows: 

ACCOUNTING   STATEMENT  FOR   DISCLOSING  THE   FINANCIAL 
PRACTICABILITY    OF    ELECTRIFICATION  t 

I.  Annual  Charges: 

1.  Interest  (section  401.11)      .      .     $8,906,362 

2.  Depreciation  (section  401.12)   .       7,808,278 

3.  Replacement  of  dissipated  assets 

(section  401.13)  231,796 

4.  Indeterminate     charges    (chapter 

302  and  section  401.10) 

Total  charges $16,946,436  + 

II.  Annual  Revenues: 

1.  Increase  in  net  revenues  (section 

301.16) $2,336.693 

2.  Indeterminate    benefits    (chapter 

302) 


Total  credits 

Balance,  annual  deficit  on  invest- 
ment .      .     »     .     . 


I  2.336.693  + 
$14,609,743  + 

The  conclusion  from  the  above  accounting 
statement  is  clear.  The  railroads  cannot  be  re- 
lied upon  to  furnish  the  necessary  capital  for  this 

•  This  value  u  baled  upon  the  plan  at  the.  Committee,  which  constitute* 
a  minimum  plan.  The  amount  of  property  to  be  abandoned  under  the  esti- 
mates of  the  railroads  would  be  in  excess  of  the  amount  indicated. 

t  This  statement  is  based  upon  the  plan  of  the  Committee.  The  ahowtnc 
would  be  entirely  different  under  the  estimate*  of  the  raUroaHt 
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electrification  project.  It  will  be  necessary  either 
to  place  larger  revenues  to  the  credit  of  electrifica- 
tion or  to  look  elsewhere  for  the  capital. 

401.15  Electrification  as  a  Municipal  Invest- 
ment: Attention  may  now  be  turned  to  the 
second  question  which  lies  in  the  analysis  of 
financial  practicability.  If  the  railroads  cannot 
be  relied  upon  to  furnish  the  necessary  capital  for 
carrying  through  the  electrification  of  Chicago's 
terminals,  can  the  municipality  co-operate  with 
the  railroads'in  furnishing  the  required  capital? 

In  view  of  the  fact  that  the  purpose  of  elec- 
trification is  to  secure  a  reduction  in  the  amount 
of  smoke  which  enters  the  atmosphere  of  the  city, 
it  would  seem  proper  that  the  credit  of  the  mu- 
nicipality should,  if  necessary',  supplement  the 
credit  of  the  railroads.  The  situation  is  analo- 
gous to  the  use  of  the  collective  credit  of  the  citi- 
zens of  Chicago  for  obtaining  pure  water  or  for 
the  construction  of  an  adequate  drainage  system. 
In  these  cases  the  interests  involved  are  common 
interests  and  the  costs  are  consequently  common 
costs.  In  the  case  of  electrification,  however, 
there  is  a  special  as  well  as  a  general  interest,  and 
to  the  extent  of  the  general  interest  only  would 
the  municipality  be  warranted  in  making  use  of 
public  credit  for  the  purpose  of  electrification. 

The  organization  of  the  enterprise  on  the  basis 
of  joint  use  of  public  and  railroad  credit  opens 
up  a  broad  field  of  constructive  finance.  The 
Committee  assumes,  however,  that  it  would  be 
useless  to  submit  definite  suggestions  along  this 
line,  since  the  constitution  of  the  state  of  Illinois 
makes  it  impossible  for  the  municipality  to  use 
its  credit  in  this  manner.  In  a  separate  section 
of  the  Constitution  of  1870,  the  following  article 
provides  that: 

"No  county,  city,  town,  township,  or  other 
municipality  shall  ever  become  subscriber  to  the 
capital  stock  of  any  railroad  or  private  corpora- 
tion, or  make  donation  to  or  loan  its  credit  in  aid 
of  such  corporation,  provided,  however,  that  the 
adoption  of  this  article  shall  not  be  construed  as 
affecting  the  right  of  any  such  municipality  to 
make  such  subscriptions  where  the  same  have 
been  authorized  under  existing  law  by  a  vote  of 
the  people  of  such  municipalities  prior  to  such 
adoption." 

This  provision  of  the  constitution  has  been 
construed  many  times  by  the  Supreme  Court 
of  the  State  of  Illinois  and  by  the  United  States 
Supreme  Court,  and  the  general  trend  of  these 


constructions  supports  a  strict  interpretation  of 
the  language  quoted.  Moreover,  even  though  it 
were  possible  to  distinguish  between  the  cases 
passed  upon  by  the  courts  and  the  use  of  munic- 
ipal credit  for  the  elimination  of  smoke  on  the 
ground  that  the  end  to  be  attained  is  a  public 
purpose,  no  practical  result  could  follow,  at  least 
for  some  years  to  come,  for  the  reason  that  it 
would  be  impossible  for  the  city,  under  present 
constitutional  and  statutory  limitations,  to  raise 
the  necessary  funds  without  the  issuance  of 
bonds  beyond  the  authorized  limit. 

Electrification  as  a  result  of  municipal  partici- 
pation is,  therefore,  impracticable  under  present 
conditions.* 

401.16  Electrification  Supported  by  Traffic  Ar- 
bitraries:  A  third  suggestion  for  the  financial 
organization  of  the  project  of  electrification  con- 
cerns the  practicability  of  opening  new  sources 
of  revenue  to  the  railroads  through  the  applica- 
tion of  an  arbitrary  tax  on  terminal  traffic  which 
will  serve  to  support  the  new  capital  required  for 
electrification.  Such  an  arbitrary  may  be  applied 
in  either  of  two  ways: 

1 .  It  may  be  added  to  the  previously  existing 
tariff  as  a  charge  to  be  paid  by  those  who  make 
use  of  Chicago  railroad  facilities.     An  arbitrary 
thus  applied  would  become,  in  effect,  a  local 
charge. 

2.  It  may  be  deducted  from  the  gross  revenues 
of  the  traffic  coming  in  or  going  out  of  the  city 
before  distribution  is  made  to  lines  which  extend 
their  operation  outside  the  city.     An  arbitrary 
thus  applied  would  become,  in  effect,  a  tax  on 
Chicago  traffic  for  the  support  of  a  local  impro\ 
ment. 

Either  of  these  methods  will  serve  the  purpose 
of  electrification.  The  difference  between  them 
pertains  to  the  incidence  of  the  burden.  Accord- 
ing to  the  first  method,  the  $14,600,000  which  will 
be  required  annually  to  support  the  new  invest- 
ment will  be  collected  from  Chicago  passengers, 
whether  suburban,  local  or  through,  and  from  Chi- 
cago shippers  whether  consignors  or  consignees. 
Except  in  the  case  of  goods  for  which  Chicago  has 
a  monopoly  as  against  other  cities,  it  will  not  be 
possible  to  shift  the  burden  of  this  arbitrary. 
Chicago  dealers  cannot  raise  their  prices  because 
of  this  increase  in  passenger  or  freight  tariffs. 

*  The  possibility,  of  making  available  the  common  credit  of  the  citizens 
through  the  creation  by  legislative  enactment  of  a  special  governmental  unit 
for  the  administration  of  the  citizens'  interest  within  the  electrification  zone, 
raises  many  questions  of  procedure,  which  are  assumed  to  be  outside  of  the 
Committee's  province  and  consequently  have  not  been  considered. 
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By  the  second  method,  the  burden  of  the  ar- 
bitrary will  be  thrown  wherever  the  revenue  on 
Chicago  traffic  accrues  and  will  be  spread  in 
proportion  to  the  length  of  haul  of  such  traffic, 
but  this  will  not  prevent  the  burden  from  becom- 
ing an  indirect  tax  upon  Chicago  business  since  it 
will  operate  to  divert  into  other  channels  traffic 
which  normally  would  come  to  Chicago. 

The  possible  effect  of  arbitraries,  if  levied  up- 
on the  commercial  and  industrial  activities  of 
the  city,  is  a  matter  presenting  many  details 
and  is  one  which  has  not  been  studied  by  the 
Committee. 

401.17  Conclusions  Concerning  Financial 
Practicability:  The  preceding  discussion  justifies 
the  following  general  conclusions: 

i.  The  complete  electrification  of  the  rail- 
road terminals  of  Chicago  as  a  betterment  to 
be  brought  about  by  the  railroads  through  the 
investment  of  free  capital  is,  under  present- 
day  conditions,  financially  impracticable. 


a.  Any  procedure  designed  to  bring  about 
the  complete  electri  that  ion  of  Chicago's 
railroad  terminals  which  is  baaed  upon  a 
financial  program  involving  municipal  co- 
operation is,  under  present-day  condit 
impracticable. 

3.  Any  procedure  designed  to  bring  about 
the    complete    electrification    of    Chicago's 
railroad  terminals  which  is  based  upon  the 
application    of    an    arbitrary    to    traffic    of 
Chicago  will  constitute  a  tax  which  must  be 
borne  by  the  business  interests  of  the  city. 
The  practicability  of  such  a  tax  is  a  matter 
which  has  not  been  studied  by  the  Com- 
mittee. 

4.  The  preceding  conclusions  apply  to  the 
complete  electrification  of  Chicago's  railroad 
terminals.     The  financial  practicability,  un- 
der   present-day    conditions,    of   electrifica- 
tion as  it  might  be  applied   to  individual 
roads  or  to  a  single  service  of  individual 
roads,  is  a  matter  which  has  not  been  in- 
vestigated by  the  Committee  and  concerning 
which  no  opinion  is  expressed. 


PART  V 

SUMMARY  OF  CONCLUSIONS  WITH  REFERENCE 

TO  THE  ELECTRIFICATION  OF 

RAILROAD  TERMINALS 


501. 


THE  NECESSITY,  TECHNICAL  FEASIBILITY  AND  FINANCIAL 
PRACTICABILITY  OF  ELECTRIFICATION 


5  YNOPSIS:  This  chapter  summarizes  the  Committee's  findings  with  reference  to  the  necessity 
for  electrification  as  a  means  in  smoke  abatement;  it  reviews  the  evidence  which  has  been  presented 
concerning  the  technical  feasibility  of  complete  electrification;  and  it  restates  the  facts  concerning 
the  financial  practicability  of  such  an  undertaking. 


501.01  The  Purpose  of  the  Committee :     The 
purpose  for  which  the  Committee  was  organized 
was  early  defined  as  embracing  a  determination 
as  to: 

1 .  The  necessity  of  changing  the  motive  power 
of  steam  railroads  to  electric  or  other  power. 

2.  The  mechanical  or  technical  feasibility  of 
such  a  change. 

3.  The  financial  practicability  of  such  a  change. 

The  conclusions  reached  with  reference  to  these 
three  questions  may  now  be  set  forth. 

501.02  The  Necessity  of  Changing  the  Motive 
Power  of  Steam  Railroads  to  Electric  or  Other 
Power:       In  its  efforts  to  reach  a  just  decision 
with  reference  to  the  necessity  of  changing  the 
motive  power  of  steam  railroads  to  electric  or 
other  power,  the  Committee,  aided  by  the  active 
co-operation  of  many  different  agencies,  has  con- 
cluded an  elaborate  research  concerning  the  con- 
sumption of  fuel  and  the  origin  of  smoke  in  the 
city  of  Chicago.     This  research  has  covered  coal 
deliveries,   reshipments   of   coal   and   changes  in 
amounts  of  coal  stored  within  the  Area  of  Investi- 
gation during  the  calendar  year  of  1912.     The 
statistics   gathered   show   the   origin   of   all   fuel 
delivered  and  the  service  in  which  it  was  used. 

The  investigations  have  shown  that  the  various 
activities  of  Chicago  require  the  use  of  enormous 


quantities  of  fuel ;  that  the  per  capita  consumption 
is  greater  than  that  of  most  other  cities;  that  the 
amount  consumed  by  steam  locomotives  is  less 
than  a  third  of  that  burned  under  high  pressure 
steam  boilers,  one-half  of  that  which  is  consumed 
in  domestic  heating,  much  less  than  that  used 
in  manufacturing  fires  and  but  a  small  fraction 
(12  per  cent)  of  the  total  burned  by  the  combined 
fuel  consuming  industries  of  the  city. 

The  Committee  has  analyzed  the  characteristics 
of  Chicago's  fuels  and  considered  the  means  which 
may  be  best  employed  in  utilizing  the  city's  fuels; 
it  has  shown  that  Chicago's  problem  in  smoke 
abatement  is  difficult,  because  the  fuels  tributary 
to  Chicago,  being  high  in  volatile  matter,  are 
of  a  class  usually  designated  as  "smoky.." 

The  Committee  has  studied  the  composition 
of  the  atmosphere  of  Chicago,  the  effect  upon  its 
purity  of  the  smoke  discharged  and  the  extent 
to  which  it  is  polluted  by  foreign  material  not 
of  fuel  origin. 

The  investigation  has  shown  that  smoke  in 
the  atmosphere  presents  three  principal  aspects, 
namely,  visible  properties,  solid  constituents  and 
gaseous  products.  It  has  shown  that  hitherto 
emphasis  in  smoke  abatement  has  been  given  to 
smoke  in  its  visible  aspects,  whereas  it  appears 
that  the  solid  constituents  of  smoke  are  more 
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important  agencies  affecting  atmospheric  pollu- 
tion. It  has  shown  also  that  gaseous  products 
of  combustion  are  important  polluting  agencies 
only  with  reference  to  their  sulphurous  constitu- 
ents, and  that  the  amount  of  sulphur  in  smoke 
is  dependent  upon  the  amount  of  fuel  consumed 
and  may  be  accepted  as  being  independent  of  the 
particular  service  in  which  it  is  burned. 

It  has  been  made  apparent  that  no  single  fuel 
consuming  service  nor  single  locality  is  alone 
responsible  for  the  smoke  of  Chicago,  but  that 
all  fuel  consuming  industries  and  all  localities 
produce  smoke. 

The  research  has  demonstrated  that  the  elim- 
ination of  the  steam  locomotive  from  Chicago  will 
involve  the  electrification  of  the  city's  railroad 
terminals,  since  there  is  no  other  known  form  of 
motive  power  which  can  be  accepted  in  all  the 
services  of  the  terminals  as  a  substitute  for  the 
steam  locomotive.  It  has  further  demonstrated 
that  electrification  implies  increased  capacity  of 
existing  electric  generating  stations  or  the  intro- 
duction of  new  stations  which  must  be  steam 
driven,  either  of  which  expediencies  means  new 
sources  of  fuel  consumption  and  smoke;  and  that 
the  net  effect  of  electrification  upon  atmospheric 
pollution  will  be  represented  by  the  difference 
between  the  amount  of  smoke  now  discharged  by 
steam  locomotives  and  the  amount  which,  under 
electrification,  will  be  discharged  from  the  electric 
generating  stations. 

The  study  has  shown  that  the  elimination  of 
all  steam  locomotives  from  the  city  of  Chicago 
would  reduce  the  amount  of  visible  smoke  entering 
the  atmosphere  by  approximately  one-fifth  the 
present  amount ;  that  it  would  reduce  the  dust  and 
dirt  content  and  the  sulphurous  content  of  the 
atmosphere  of  the  city  as  a  whole  by  a  relatively 
small  amount;  and  that  as  a  consequence  the 
locomotive  is  not  at  present  a  controlling  factor 
as  a  source  of  atmospheric  pollution. 

The  observations  of  the  Committee,  confirmed 
by  the  records  of  Chicago's  department  of  smoke 
inspection,  are  to  the  effect  that  great  progress 
has  in  recent  years  been  made  in  reducing  loco- 
motive smoke  and  that  maximum  results  have 
not  yet  been  obtained.  Hence  it  cannot  be 
urged  that,  with  reference  to  smoke  abatement, 
the  steam  locomotive  service  is  an  unmanageable 
service. 


The  investigations  do  not  support  the  conten- 
tion that  elimination  of  steam  locomotive  smoke 
is  a  necessary  next  step  in  the  city's  progress  in 
smoke  abatement.  They  show,  on  the  contrary, 
that  before  the  complete  elimination  of  steam 
locomotive  smoke  can  be  regarded  as  imperative, 
smoke  from  all  existing  sources  should  be  reduced 
to  a  minimum,  and  that  to  this  end  some  of  the 
city's  more  obvious  undertakings  should  be: 

1 .  The  extension  of  the  operations  of  Chicago's 
department  of  smoke  inspection  over  the  entire 
area  of  the  city,  instead  of  confining  them  to  a 
selected  portion  of  this  area. 

2.  A  material  extension  in  the  character  of  the 
city's  activities  in  smoke  abatement  to  the  end 
that  they  may  include  such  work  of  research  and 
instruction  as  will  make  the  city  co-operatively 
helpful  to  coal  consumers  in  the  development  of  a 
constructive  policy  in  smoke  abatement. 

3.  A  reduction  to  a  minimum  of  all  smoke  dis- 
charged within  the  city,  whatever  its  source. 

4.  Recognition  by  the  city  that  smoke  is  not 
the  only  source  of  atmospheric  pollution,  that  the 
dirt  of  the  atmosphere  is  in  part  the  result  of  im- 
perfect cleaning  processes,  and  that  the  whole 
problem  of  municipal   house-cleaning  must  be 
developed  to  a  high  state  of  efficiency  before  the 
complete  elimination  of  the  steam  locomotive  for 
the  purpose  of  reducing  atmospheric  dirt  can  be 
justified. 

The  Committee  is  not  unmindful  of  the  ad- 
vantages which,  in  addition  to  those  which  would 
attend  the  abatement  of  smoke,  would  accrue 
through  the  electrification  of  Chicago's  railroad 
terminals.  It  is  not  unmindful  of  the  desire  of 
certain  portions  of  the  traveling  public  to  bring 
about  the  electrification  of  particular  services  of 
individual  roads.  Its  problem,  however,  as  orig- 
inally outlined  was  that  of  determining  the  ne- 
cessity for  the  electrification  of  all  roads  and  all 
services  within  the  city  as  a  means  in  abating 
the  smoke  of  the  city.  The  conclusion  of  the 
Committee,  based  upon  the  facts  of  record,  is 
to  the  effect: 

That  the  complete  elimination  of  steam  loco- 
motives from  the  railroad  terminals  of  Chicago, 
as  a  means  in  smoke  abatement,  is  not,  under 
present-day  conditions,  necessary. 

501.03  The  Mechanical  or  Technical  Feasi- 
bility of  Electrification:  In  its  study  of  the 
technical  feasibility  of  electrification  the  Com- 
mittee has  made  a  world  review  of  undertakings 
involving  the  electrification  of  steam  railroads. 
It  has  studied  the  terminal  situation  in  Chicago 
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for  the  purpose  of  establishing  a  relation  be- 
tween that  which  has  already  been  accomplished 
and  that  which  will  need  to  be  done  if  Chicago's 
railroad  terminals  are  to  be  electrified.  It  finds 
that  experience  elsewhere  has  demonstrated  that : 

1 .  Trains  of  any  weight  can  be  hauled  electri- 
cally at  any  necessary  speed,  provided  sufficient 
electric  power  can   be  conveyed   to  the  train 
motors. 

2.  Where  appliances  can  be  properly  installed 
and  maintained  electric  traction  is  reliable. 

3.  Electrification  introduces  an  added  hazard 
incident  to  railroad  operation,  but  to  what  extent 
is  indeterminate.    The   returns   from   railroads 
electrically  operated  make  it  clear,   also,  that 
it  introduces  compensating  influences  which  ap- 
parently  equalize   whatever   additional   hazard 
electric  operation  may  involve. 

It  finds  also  that  electrification  has  proceeded, 
with  reference  to  different  railroad  services,  along 
lines  as  follows: 

1.  Electrification  has  most  frequently  been  em- 
ployed in  operating  suburban  passenger  service. 

2.  It  has  been  used  for  all  passenger  service  in 
connection  with  the  intensive  development  of 
great   passenger  terminals   where   underground 
operation  has  been  involved. 

3.  It  has  been  used  for  both  freight  and  passen- 
ger operation  in  tunnels. 

4.  It  has  been  applied  to  sections  of  through 
lines  of  route  to  improve  operation  of  both  freight 
and  passenger  service  on  difficult  grades. 

5.  It  has  been  applied  to  sections  of  through 
route  lines  in  anticipation  of  operating  economies 
through  the  utilization  of  water  or  other  relatively 
inexpensive  centralized  power. 

6.  It  has  been  employed  by  a  single  railroad  in 
this  country  in  the  operation  of  three  switching 
yards,  the  work  of  which  must  still  be  regarded 
as  being  in  an  experimental  stage. 

The  demonstrated  facts  disclose  the  existence 
of  a  wide  gap  between  that  which  has  been 
accomplished  and  that  which  must  be  done  to 
meet  all  the  various  conditions  presented  by  the 
proposed  electric  operation  of  the  Chicago  termi- 
nals. This  is  because: 

1.  Progress  in  the  development  of  electric  in- 
stallations has  thus  far  not  resulted  in  the  adop- 
tion of  standards  governing  the  electric  system 
to    be    employed,    the  design  of  equipment  or 
the    methods  of  operation.     The  electrification 
of  Chicago's  railroad  terminals  would,  therefore, 
involve  definite  decisions  with  reference  to  many 
features  for  which  there  are  as  yet  no  approved 
standards. 

2.  The  Chicago  terminals  involve  the  interests 
of  many  railroads,  whose  joint  action  is  essential 


to  a  satisfactory  technical  development  of  the 
problem.  The  fabric  of  electrification  must  be 
designed  to  meet  the  requirements  of  the  entire 
terminal  rather  than  those  of  any  single  road. 

3.  The  Chicago  terminals  include  both  rail- 
roads having  their  entire  mileage  within  the  city 
and  railroads  operating  continental  lines  and 
possessing  a  terminal  interest  only  in  the  city. 
Electrification  of  the  lines  wholly  within  the 
city  would  affect  their  entire  trackage  and 
would  mean,  practically,  reconstruction.  Electri- 
fication of  through  lines  implies  the  development 
of  a  local  improvement.  The  methods  by  which 
roads  sustaining  widely  diversified  interests  would 
seek  to  accomplish  their  work  of  electrification 
would  involve  technical  as  well  as  business  pro- 
cedures. 

It  has  been  shown  to  be  technically  feasible  for 
each  individual  road  in  Chicago,  for  any  group 
of  such  roads  or  for  all  such  roads  acting  in  com- 
mon to  provide  for  the  generation  and  distri- 
bution of  power  to  predetermined  points  of  con- 
sumption along  the  rights-of-way  of  railroads. 

It  has  been  shown  to  be  technically  feasible  for 
each  individual  road  in  Chicago,  for  any  group  of 
such  roads  or  for  all  such  roads  acting  in  com- 
mon to  secure  through  purchase  the  energy  they 
require,  delivered  at  predetermined  points  of  con- 
sumption along  the  right-of-way. 

Electrification  implies  the  establishment  of 
some  form  of  contact  system  along  each  line  of 
rail m.-nl  track,  whereby  energy  may  be  delivered 
to  the  rolling  equipment.  A  study  of  track  and 
operating  conditions  reveals  the  following  facts: 

1.  A    limited    mileage    of    track    in    Chicago 
(approximately  one  per  cent  of  the  total)  cannot 
be  equipped  with  any  system  of  contact  which 
could  be  accepted  as  satisfactory  for  the  terminal 
as  a  whole.     The  electrification  of  this  trackage 
as  a  part  of  a  general  system  of  electrification  is, 
therefore,  assumed  to  be  not  technically  feasible. 

2 .  While  the  third  rail  system  of  contact  might 
be  extensively  used  in  Chicago,  there  are,  at  in- 
tervals throughout  a  considerable  percentage  of 
the  total  trackage,  conditions  which  would  make 
difficult  the  use  of  this  form  of  contact.     The 
third   rail   is   applied   with   difficulty   wherever 
special  track  work  abounds,  where  street  and 
railroad   crossings  occur  at  frequent  intervals, 
and    in    switching    yards.     In    locations    where 
employes  must  be  between  or  must  cross  tracks, 
as  in  freight  yards,  it  constitutes  a  physical  ob- 
struction   which   is    highly    objectionable.     For 
these  reasons  the  third  rail  is  not  considered 
feasible  for  general  use  in  the  Chicago  terminals. 

3.  The  facts  developed  show  that  any  form  of 
overhead  contact  which  can  be  placed  high  enough 
above  the  rail  to  give  the  clearance  necessary  to 
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permit  men  to  ride  and  perform  necessary  duties 
on  the  tops  of  freight  cars  is  not  objectionable 
from  a  technical  point  of  view.  The  application 
of  an  overhead  contact  system  to  the  terminals 
of  Chicago  will,  however,  require  the  contact 
wire  to  be  lowered  in  many  places  in  order  that 
it  may  pass  under  structures  presenting  minimum 
clearance.  The  great  number  of  jxjints  at  which 
the  contact  wire  must  be  lowered  will  require  the 
installation  of  many  warning  devices  or  the  • 
enforcement  of  rigid  rules  governing  the  presence 
of  trainmen  on  tops  of  cars. 

The  adoption  of  an  overhead  contact  system 
will  permit  the  use  either  of  the  so-called  high 
voltage  direct  current  or  of  alternating  current 
at  much  higher  voltage.  The  purposes  of  elec- 
trification can  be  accomplished  through  either  of 
these  means. 

The  Committee  finds  that  the  use  of  direct  cur- 
rent by  the  railroads  of  Chicago  would  involve 
careful  designing  and  construction  to  avoid  the  in- 
troduction of  difficulties  arising  from  electrolytic 
action.  While  the  questions  of  standards  to  be 
observed  in  this  respect  are  as  yet  undetermined, 
it  is  believed  that  difficulties  arising  from  this 
source  are  not  such  as  to  affect  the  feasibility  of 
any  general  plan  of  electrification  which  may 
involve  the  use  of  direct  current. 

It  finds  that  the  use  of  alternating  current  by 
the  railroads  of  Chicago  would  involve  careful 
designing  and  construction  to  avoid  inductive  in- 
terferences with  existing  telephone  and  telegraph 
circuits.  While  the  means  to  be  employed  in 
preventing  and  overcoming  such  disturbances 
are  not  yet  standardized,  it  is  believed  that  the 
difficulties  to  be  experienced  from  this  source  are 
not  such  as  to  affect  the  practicability  of  any 
general  scheme  of  electrification  involving  the  use 
of  alternating  current. 

The  general  conclusion  of  the  Committee,  con- 
cerning the  technical  feasibility  of  complete  elec- 
trification of  Chicago's  railroad  terminals,  is  to 
the  following  effect: 

1.  The  launching  of  such  an  undertaking,  to 
be  participated  in  by  all  the  railroads  at  prac- 
tically the  same  time,  will  involve  a  large  amount 
of  experimentation. 

2.  The  problem  of  contact  design,  when  con- 
sidered in  relation  to  normal  railroad  operation, 
presents  many  difficulties.     A  limited  amount  of 
trackage  in  the  Chicago  terminals  is  so  located 
that  it  has  been  found  impracticable  to  equip 
it  with  any  form  of  contact  system.     Operation 
over  such  trackage  subsequent  to  electrification 


will  need  to  !«•  rondurtrd  t>y  wmir  form  of  self- 
propellrd  unit  or  there  must  be  some  rearrange- 
in,  'iit  of  tracks.  The  difficulties  imposed  at 
numerous  points  hv  insufficient  <  Iterance  of 
overhead  structures  will,  under  the  plan  of  the 
Committee,  be  met  by  the  installation  of  warning 
(U -vices  or  the  enforcement  of  regulations  govern- 
ing the  presence  <>f  trainmen  on  tops  of  cars. 
3.  The  technical  iliflicultirs  to  !«•  met  and  •> 
come  in  bringing  about  the  complete  electrifi- 
cation of  Chicago's  terminals  will,  through  the 
general  development  of  the  art.  diminish  year 
by  year. 

501.04  The  Financial  Practicability  of  Elec- 
trification: In  its  consideration  of  "this  aspect  of 
its  problem,  the  Committee  has  made  a  detailed 
study  of  the  work  which  will  be  necessary  to 
bring  about  the  complete  electrification  of  Chi- 
cago's railroad  terminals.  It  has  fixed  the  limits  to 
be  observed  by  each  railroad  in  the  development 
of  electric  operation.  It  has  determined  the 
amount  of  equipment  which  will  be  required,  has 
designed  contact  systems,  and  has  proceeded,  in 
all  important  respects,  by  methods  which  would 
be  necessary  if  electrification  had  been  definitely 
determined  upon.  By  such  a  process  the  cost  of 
complete  electrification  has  been  estimated. 

Studies  have  also  been  made  to  determine  the 
operating  results  which  would  follow  complete 
electrification  of  Chicago's  railroad  terminals,  in 
order  that  profits  and  other  forms  of  benefit 
which  might  be  derived  from  such  a  change  may 
be  known. 

With  the  data  thus  obtained,  concerning  the 
extent  of  the  investment  which  must  be  made 
and  the  returns  which  may  be  expected  as  a 
result  of  such  an  investment,  the  Committee 
concludes  that: 

The  complete  electrification  of  the  railroad  ter- 
minals of  Chicago  as  a  betterment  to  be  brought 
about  by  the  railroads  through  the  investment 
of  free  capital  is,  under  present-day  conditions, 
financially  impracticable. 

Careful  consideration  has  been  given  to  pro- 
posals contemplating  municipal  co-operation  with 
the  railroads  in  bringing  about  complete  elec- 
trification of  their  terminals,  with  the  conclusion 
that: 

Any  procedure  designed  to  bring  about  the 
complete  electrification  of  Chicago's  railroad  ter- 
minals, which  is  based  upon  a  financial  pro- 
gram involving  municipal  co-operation  is,  under 
the  present  state  constitution,  impossible. 
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The  Committee  has  considered  whether  the 
funds  necessary  for  the  support  of  the  investment 
which  must  be  made  to  bring  about  complete 
electrification  might  not  be  provided  through  the 
application  of  an  arbitrary  charge  or  tax  whereby 
the  railroads  might  develop  added  revenues,  with 
the  conclusion  that: 

Any  procedure  designed  to  bring  about  the 
complete  electrification  of  Chicago's  railroad  ter- 
minals which  is  based  upon  the  application  of 
an  arbitrary  to  the  traffic  of  Chicago,  will  con- 
stitute a  tax  which  must  be  borne,  directly  or 
indirectly,  by  the  business  interests  of  the  city. 


The  practicability  of  such  a  tax  is  a  matter  which 
has  not  been  studied  by  the  Committee. 

Emphasis  must  be  given  to  the  fact  that  the 
Committee's  conclusions  as  to  financial  prac- 
ticability apply  to  the  complete  electrification  of 
Chicago's  railroad  terminals.  The  financial  prac- 
ticability, under  present-day  conditions,  of  elec- 
trification as  it  might  be  applied  to  individual 
roads  or  to  single  services  of  individual  roads,  is 
a  matter  which  has  not  been  investigated  by  the 
Committee  and  concerning  which  no  opinion  is 
expressed. 


PART  VI 

SUMMARY  OF  CONCLUSIONS  WITH  REFERENCE 
TO  ATMOSPHERIC  POLLUTION 


€01.     RECOMMENDATIONS    BASED  UPON   THE    COMMITTEE'S'  STUDIES 

SYNOPSIS:  The  researches  of  the  Committee  have  developed  many  matters  which  are  of 
interest  to  those  who  are  concerned  with  Chicago's  problem  of  reducing  atmospheric  pollution.  It 
is  the  purpose  of  this  chapter  to  set  forth  the  more  important  of  these  in  the  form  of  recommendations. 


601.01     Conclusions    and    Recommendations: 

The  work  of  the  Committee,  in  all  its  phases, 
has  been  an  outgrowth  of  a  desire  on  the  part  of 
the  people  of  Chicago  for  a  clearer  and  cleaner 
atmosphere.  The  essential  facts,  as  revealed  by 
the  systematic  researches  of  the  Committee  con- 
•cerning  the  extent  and  character  of  the  more 
important  agencies  affecting  atmospheric  purity, 
the  methods  to  be  employed  and  the  difficulties 
to  be  met  in  any  attempt  to  deal  with  them, 
have  been  duly  set  forth.  There  may  now  be 
presented,  as  a  concluding  summary  of  the 
report,  such  recommendations  as  are  likely  to 
prove  serviceable  to  the  city  in  its  subsequent 
•efforts  to  improve  the  purity  of  its  atmosphere. 
These  recommendations  are  based  upon  the  con- 
viction that  pure  air  is  essential  to  the  health 
and  comfort  of  an  urban  population  and  that 
it  is  the  imperative  duty  of  the  authorities  of 
the  city  of  Chicago  to  secure,  through  persistent 
and  intelligent  action,  a  clean  atmosphere.  The 
Committee's  recommendations  are  as  follows: 

1 .  That  there  be  created  by  the  city,  a  per- 
manent Pure  Air  Commission,  the  member- 
ship of  which  shall  be  made  up  of  persons 
possessing  high  technical  qualifications. 

2.  That  financial  support  be  placed  at  the 
•command  of  the  Commission,  which  shall 
be  sufficient  adequately  to  provide  for  the 
organization  and  development  of  investiga- 
tions of  a  highly  scientific  character. 


3.  That   the  Commission  be  empowered 
to  investigate  all  sources  of  air  pollution, 
to  determine,  by  experiment  or  otherwise, 
the  most  effective  means  for  mitigating  or 
eliminating  such  pollution,  and  that,  so  far 
as  practicable,  it  be  invested  with  power  to 
enforce  obedience  to  its  decisions. 

4.  That  no  materials  shall  be  employed 
in  paving  without  the  consent  of  the  Com- 
mission, to  the  end  that  dust  creating  pave- 
ments may  be  abolished. 

5.  That  the  paving  and  cleaning  of  alleys 
and  other  highways  shall  be  subject  to  the 
supervision  of  the  Commission. 

6.  That  the  Comrnission  shall  have  power 
to  require  that  the  wrecking  and  erection 
of  buildings  shall  proceed  by  methods  which 
will  protect  the  air  from  all  unnecessary  pol- 
lution. 

7.  That  the  Commission  shall  have  the 
power  to  require  roofs  to  be  cleaned  and  other 
minor  sources  of  air  pollution  to  be  abated. 

8.  That   new  installations  of  boiler  and 
other  furnaces  be  permitted  only  as  licensed 
by  the  Commission,  which  shall  have  power, 
under   reasonable    rules,    to   determine    the 
character  of  the  installations. 

9.  That  the  Commission  be  charged  with 
the  duty  of  investigating  present  practice 
in  the  construction  and  operation  of  domestic 
furnaces,  with  a  view  to  so  perfecting  such 
practice  that  fuels  now  used  may  be  burned 
without  objectionable  air  pollution,   or  to 
so  changing  the  character  of  fuels  as  to  ac- 
complish the  same  result. 
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10.  That  the  Commission  be  charged  with 
the  duty  of  investigating  the  construction 
and    operation    of    metallurgical    and    high 
pressure  steam  boiler  furnaces,  with  a  view 
to  eliminating,  so  far  as  practicable,  the  air 
pollution  for  which  such  furnaces  are  respon- 
sible,   and   that   it   formulate   and   enforce 
regulations  under  which  such  furnaces  shall 
hereafter  be  constructed  and  operated. 

11.  That  the  Commission  be  charged  with 
the  duty  of  investigating  the  pollution  of 
the  air  by  railroad  locomotives,  by  steam- 
boats and  by  other  transportation  agencies 
making  use  of  movable  engines,  of  devising 
methods  of  abating  air  pollution  from  these 
sources  and  of  enforcing  such  provisions  for 
the  suppression  of  air  pollution  as  may  be 
found  necessary. 

It  is  not  the  opinion  of  the  Committee  that  rad- 
ical action  should  be  expected  of  the  Pure  Air 
Commission,  or  that  action  involving  abandon- 
ment of  the  use  of  Illinois  and  Indiana  coal  is 
either  advisable  or  practicable,  or  that  action  in- 


volving the  general  abandonment  or  rebuilding 
of  existing  boiler  or  heating  plants,  either  station- 
ary or  portable,  is  advisable  or  practicable,  or 
that  the  immediate  or  general  electrification  of 
railroads  for  the  purpose  of  eliminating  their  part 
in  air  pollution  is  under  present  conditions  ad- 
visable or  practicable.  It  is  deemed  advisable, 
however,  that  all  efforts  to  improve  existing  con- 
ditions shall  be  carried  on  with  due  regard  to 
the  responsibility  of  each  of  the  fuel  consuming 
services  for  its  contribution  to  the  pollution  of 
the  atmosphere,  and  that  such  changes  as  may 
be  determined  upon  may  be  gradually  made, 
with  due  regard  to  financial  and  mechanical 
difficulties. 

The  precise  relations  to  be  sustained  by  the 
proposed  Pure  Air  Commission,  to  existing  mu- 
nicipal administrative  individuals  or  bodies,  are 
assumed  to  be  matters  of  detail,  which  have  not 
been  investigated  by  the  Committee  and  con- 
cerning which  no  opinion  is  expressed. 


END   OF   THE    REPORT 
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TERRITORIAL  GROWTH  OF  CHICAGO 

701.01     Growth  of  Chicago  by  Annexations:    The 

statistics  of  annexations  to  Chicago,  from  its  incor- 
poration as  a  town  in  1835  down  to  1911,  arc  presented 
in  table  CDXXVII.  In  compiling  the  statistics  of 
early  annexations,  contemporary  newspaper  estimates 
and  estimates  made  by  early  residents  of  the  city  have 
been  compared  with  other  information  available.  The 
figures  given  are  usually  the  mean  of  those  obtained 
from  two  or  more  sources. 

A  graphic  presentation  of  the  growth  of  Chicago,  by 
annexations,  is  shown  by  the  map,  fig.  687.  The 
growth  of  Chicago  in  population  and  area,  from  1860 
to  1910,  is  shown  by  fig.  688.  The  changes  in  Chi- 
cago's territorial  limits,  by  'decades  from  1860  to  1910 
and  for  the  year  1912,  are  shown  by  figs.  689  to  695, 
inclusive.  The  changes  in  municipal  ward  boundaries 
of  Chicago,  by  decades  from  1860  to  1910  and  as  cre- 
ated by  ordinance  in  December,  1911,  and  January, 
1912,  are  shown  by  figs.  696  to  702,  inclusive. 


CHANGKS    l\    POPULATION    Ol     M. 

OF  COOK  COUNTY  AND  OK  TMK  CITY 
OF  CHICAGO 

701.02  Sources    of    Information:     The    principal 
factors  involved  in  a  study  of  the  population  of  any 
American  city  are  immigration,  emigration,  migration, 
annexation,    birth   rate   and   death   rate.     The   facts 
herein  presented  are  based  upon  the  reports  of  the 
United   States    Census   Bureau.       These   have    been 
supplemented  by  the  records  of  the  Federal  Bureau 
of  Immigration  and  by  the  statements  of  the  Trans- 
Atlantic  Passenger  Conference. 

701.03  Migration  of  Native-Born  Persons  to  and 
from  Illinois:     Statistics  relating  to  the  population  of 
Illinois,  born  and  living  in  that  state,  the  migration  of 
native-born  persons  to  and  from  Illinois  and  the  net 
gain  or  loss  due  to  migration  are  presented  in  table 
CDXXVIII.     The  figures  given  in  this  and  in  many  of 
the  following  tables  are  based  upon  the  reports  of  the 


TABLE  CDXXVII.     STATISTICS  OF  ANNEXATIONS  TO  CHICAGO 


Name  or  Description  of 
Annexed  Territory 

Method   of   Annexation 

Date 
Annexed 

Area 
Annexed 
Sq.  Miles 

Total 
Area 
of  City 

Population  of 
Acquired 
Territory  at 
Time  of 

vition 

• 
Estimate   of   Population    Based   on 

1 

2 

3 

4 

5 

1             • 

7                                 ' 

Incorporated 
Incorporated 
Act  of  State  Legislature 
Act  of  State  Legislature 
Act  of  State  Legislature 
Act  of  State  legislature 
Act  of  State  Legislature 

Act  of  State  Legislature 
Act  of  State  Legislature 

Ordinance  of  Chicago 
Act  of  Cook  Co.  Com'rs 

Election 
Election 

Ordinance  of  Chicago 
Election 

Ordinance  of  Chicago 
Election 
Election 
Election 

Feb.  11,  1835 
Mar.  4.  1837 
Jan.  21,  1843 
Mnr.  3,  1843 
Feb.  14.  1851 
Feb.  12,  1853 
Feb.  13.  1863 

Feb.    8,  1869 
Feb.  27,  1869 

May  16,  1887 
Apr.  29.  1889 

June  29,  1889 
Apr.    1,  1890 

May  12,  1890 
Nov.  4,  1890 

Deo.  4.  1890 
Apr.   7,  1891 
Apr  19,  1893 
Nov.  7.  1893 

2.550 

Mis:, 

—.500* 
—.375 
4.250 
3.988 
6.284 

0.094 
11.380 

1.000 
7.1SO 

125.930 
1.773 

2.899 
4.603 

0.046 
0.981 

.  -7  . 
2.125 

2.550 
10.635 
10.135 
9.760 
14.010 
17.998 
24.282 

24.376 
35.756 

36.756 
43.906 

169.836 
171.609 

174.508 
179.111 

179.157 
180.138 
184013 
186.138 

3,2711 
4,066 
St 
7t 
75  » 

soot 

6.480 

oot 

1.925 
12,400 

12.600 

210,700 
2.000 

1,750 

.  -l  . 

oot 

900 
2.400 
1.000 

Andreas'  History  of  Chicago.  Vol.  1. 
School  Census  of  July  1,  1837. 
See  foot  note. 
See  foot  note. 
See  foot  note. 
See  foot  note. 
Sec    report  of   Supt.  of    School*    for 
1863.  p.  14. 

Vote  on  Park  Systems.     Sec  Ckicaga 
T\ma,  March  24,  1868. 
Comparison    of    newspaper    estimate 
andU.  8.  Census  of  1890. 

Reduced    newspaper    estimates.     Sec 
Chicago  Trilnmt.  April  3O.  1889. 

Deduced  from  U.  3.  Census  of  188O. 

Newspaper     estimate.     See      CAicoeo 
Tr,hunr  of  April  1.  1890. 

Comparison  of  newspaper  estimate*. 
U.  8.  Census  of  1890. 

Sec  foot  note. 
U.  8.  Census  of  1880. 

Companion    of    newspaper  •timale* 
and  vote*  cast  at  the  election. 
Newspaper     estimate       See     Ckitat* 

City  of  Chicago 

(See  map,  fig.  687,  for  location)  
(See  map,  fig.  687,  for  location  *  
(See  map,  fig.  687,  for  location)  
(See  map,  fig.  687,  for  location)  
(See  map,  fig.  687,  for  location)  

(See  map,  fig.  687,  for  location)  

(See  map,  fig.  687,  for  location)  
Brighton  Park  and  Central  Park  dis- 
tricts of  Cicero,  Maplewood   Die- 

Part  of  Cicero;  city   of   Lake  View; 
towns  of  Jefferson  and  Lake;  vil- 

Village  of  Gano  in  southwest  part  of 

Unincorporated   territory  known    as 
South    Englewood    in    southwest 
part  of  the  present  city  
Village  of  Washington   Heights;  vil- 
lage of  West  Roseland  
Lies  between  the  Illinois  Central  R.R. 
and  Indiana  Avenue  from  130th 
Street  to  the  Calumet  River  
Village    of    Fernwood    in    southwest 
part  of  the  present  city  
Villages  of  West  Ridge  and  Rogers 
Park 

Village  of  Norwood  Park   . 

Part  of  the  town  of  Calumet ;  lies  be- 
tween Ashland  Avenue  andHatsted 
Street  from  115th  to  123d  streets. 

Part  of  the  town  of  Cicero  east  of 
Austin  Avenue 

Village  of  Edison  Park    

Village  of  Morgan  Park  { 

Partof  former  village  of  Norwood  Park 


Ordinance  of  Chicago 

Election 
Election 
Election 
Ordinance  of  Chicago 


Feb.  25,  1895         l.OOO      187.138 


Apr.  4.  1899 
Nov.  8,  1910 
Apr.  4.  1911 
July  17.  1911 


3.500 
0.687 
3.125 
0.035 


190.038 

191  ._•', 
194.451) 
194.415* 


300 

11.216 
543 




Number  of  Bcnatum  to  petition  for 


uon 

I  S  Census  of  1900. 
V.  8.  Census  of  1910. 
U.S.  Census  of  1«  in. 
Inspection  of  territory. 


*  Minus  sign  ( — )  denotes  withdrawal  of  territory. 

t  Estimates  of  population  based  upon  the  recollection  of  early  residents.     No  information  could  be  obtained  from  old  directories,  histories  or  newspapers. 

1  Election  held  invalid  by  Supreme  Court  of  Illinois.  June  Ji.  19".     Re-annexed,  1914. 

1  Exclusive  of  1.69  square  miles  of  made  land. 


TERRITORIAL  CHANGES  IN  CITY 
Of  CHICAGO 
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FIG.  687.    TERRITORIAL  GROWTH  OF  CHICAGO  BY  ANNEXATIONS 
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G.  688.    CHANGES  IN  POPULATION  AND  AREA  OF  CHICAGO,  BASED  UPON  UNITED  STATES  CEN 
AND  MUNICIPAL  REPORTS 

1860 

CITY  OF  CHICAGO 

AREA  ,  SQ.  MILES  17.998 

POPULATION  109,260 

POP.  PER.  SQ.MILE  6,071 


FIG.  689.    CHICAGO'S  TERRITORIAL  LIMITS  IN  1860 


1870 
CITY  OF  CHICAGO 

AREA,  SQ.  MILES         35.756 
POPULATION  298,977 

POP.  PER   SQ.MILE         8.36E 


FIG.  690.    CHICAGO'S  TERRITORIAL  LIMITS  IN  1870 


1880 

CITY  OF  CHICAGO 

AREA.SQ.MILES  35,756 

POPULATION  503,185 

POP.  PER    SQ.MILE          14,072 


FIG.  691.    CHICAGO'S  TERRITORIAL  LIMITS  IN  1880 


IRVING  PARK   BVD. 


1890 
CITY  or  CHICAGO 


AREA,  SQ.  MILES 
POPULATION 
POP.  PER.  SQ.M1LE 


CHICAGO  R/VfK 


CITY     L/M/TS      I  OCV(  N     AVE 


169.836 

1,099,850 

6,476 


FIG.  692.    CHICAGO'S  TERRITORIAL  LIMITS  IN  1890 


HOWARD  AVE.V^  ROGERS  AVE. 


EVCRCI.L.  AVlJ 


IRVING  PARK   BVD. 


1900 
CITY  OF  CHICAGO 


AREA.Sd.MlLES 

POPULATION 

POP.  PER    SQ.  MILE 


HAMILTON  ST. 

FUUTON  AVE 

C/rr  L/M/rs  DEVON 


190.638 
1,698,575 
8,910 


FIG.  693.    CHICAGO'S  TERRITORIAL  LIMITS  IN  1900 


ROGERS  AVC. 


CVERCLU  *VE 


IRVING  PARK    BVD. 


1910 
CITY  OF  CHICAGO 


AREA,   SQ.  MILES 

POPULATION 

POP.  PER  SQ.  MILE 


CHICAGO  X-tVfX. 


190.638 

2,185,283 

11,463 


FIG.  694.    CHICAGO'S  TERRITORIAL  LIMITS  IN  1910 


HOWARD    AVE. ^^  ROGERS  AVE. 


EVERCLL  AVE 


1912 
CITY  OF  CHICAGO 

AREA,  SQ.  MILES  194.415 

POPULATION  (ESTIMATED;     2,285,283 
POP.  PER  SQ.  MILE  11,755 


A 


ILTON 
rFVIUTONAVE 

'1TYLIM/TS  DEVON  AVE 


FIG.  695.    CHICAGO'S  TERRITORIAL  LIMITS  IN  1912 


Wards  1-9  inch  as 
created"  by  Act  of  Legislature  Feb.4,1851 
Ward  10  from  old  5- Ward  Feb.  16, 1857 '" 


WARD  NO.    POPULATION 
|                    1  1  401 

2 

10  064 

3 

7  082 

A 

3  010 

5 

II  407 

6 

16  066 

7 

17  937 

8 

6  758 

9 

5  227 

10 

18  308 

TOTAL 

109260 

FIG.  696.    WARD  BOUNDARIES  OF  CHICAGO  AS  USED  IN  UNITED  STATES  CENSUS  OF  I860 


NOTE :  Reuben  St.  =  Ashland  Ave 
4T.»  St.=  Ohio  St. 


A  *  Franklin  St. 
B  =  Curtu  St. 
C  .  Randolph  St 
D  .  Aberdeen  St 
E  .  Loom  is  St. 
F  .  Monroe  St. 
8  _  Harrison  St. 

Wands  as  created  by 

Act  of  Legislature 

March  10,  1869 

WARD  140.     POPULATION 


1 

6  522 

? 

14  320 

3 

17  681 

4 

12  I7A 

s 

II   566 

6 

19  445 

7 

13  854 

8 

22  911 

9 

27  817 

10 

13  77' 

II 

>5  065 

«? 

13  976 

13 

8  928 

14 

9  035 

15 

20  361 

16 

14  045 

17 

18  078 

18 

17  OR4 

19 

8  716 

20 

13  628 

TOTAL    298.977 


FIG.  697.    WARD  BOUNDARIES  OF  CHICAGO  AS  USED  IN  UNITED  STATES  CENSUS  OF  1870 


A 
B 
C 

D 
E 
P 
e 


FronMin   St. 
Curtis  St. 
Randolph  St. 
Aberdeen  St. 
Loomii  St. 
Vsn  Btrren  5t. 
Harrison  St. 


Wards  as  created  by 
Ordinance  of 

Feb.  28,1876 

WARD  NO.    POPULATION 


2 

20  186 

3 

16  fl-«50 

4 

28  0?9 

5 

47479 

e 

•40881 

7 

37  4.50 

8 

37  136 

9 

17484 

10 

15  716 

II 

22  351 

12  
13  
14 

27  892 
20851 
56464 

I5_ 
16 

28749 
23  774. 

17 

24666 

IB 

22517 

TOTAL    503  185 


FIG.  698.    WARD  BOUNDARIES  OF  CHICAGO  AS  USED  IN  UNITED  STATES  CENSUS  OF  1880 


A  ,  Johnson  St 

B  M«>    St 

C  N.  Ann  S» 

0  .   W.Madison  S» 

E  •    C--- --    A  •  - 

F  <    OAforn*  Av. 

6  .   Co-p,^t«r  3» 

H  -   Sibley  St 

Clark   St    Jteo  known  as  Or««n  Bay  Road 

Be*  «>.  on  «'  Ave. 


Wards    as    created 
by  Ordinances. 

1-24  incl.  Oct. 31. 18 87 
25-34  ••  July  22, 188 9 
WARD  NO.  POPULATION  WARD  NO. 


i 

2 

3 

4 

5_ 

6 

7 

8 

9 

10 

11  

12  _ 

13 

14 

15 

16  _ 
17 


_Z4  074 
.25  581 
.28  040 
.27694 
.4.1  009 
.43  264 
.  34  957 
.35  583 
.41  474 
.44551 
.  35047 
.48  795 
^36431 
.40592 
-38420 
-55467 
_2I  852 


IS 
IS 

20 


22- 

23. 

24. 

25. 

26 

27. 

28. 

29 

30 

31- 

32 

33 

34 


POPULATION 

26456 

44380 

21  705 

30  225 

31   843 

35  918 

30  942 

24  202 

28  839 

-  10  734 

9  046 

31   632 

_  49  134 

18  957 

26  775 

26  039 

30  192 


CITT     LIMITS 


TOTAL    I  699  856 


FIG.   699.    WARD  BOUNDARIES  OF  CHICAGO  AS  USED  IN  UNITED  STATES  CENSUS  OF  1890 


I 

Z  - 

3 

4  • 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 


A  .  Johnson  St 

B  r   May    St 

C  =   N.Arm  St 

D  -.   Madison  St 

E  »  Center  Ave. 

F  .   T>KOOp  St. 

G  -  Harrison  St. 

H  =   S.Wey  St. 

I  =  Macaliste 

J  *  Gilpm  PI 

K  i   CdPpenter  St 


pi. 


Wards  as  created 
by  Ordinances 

1-24  incl.       Oct.  3 1,1887. 
25-34    »  July  22,1889 

35  April  24.1889 

WARD  NO.  POPULATION    WARD  NO.  POPULATION 

-  46  9Z9 

—  29  577 

—  34   105 

—  32  767 

—  33  424 

—  35  830 

—  54  588 

—  70  757 

—  39   131 

—  31    013 

—  41    214 

—  106   124 

—  56  576 

—  69  202 

—  51    892 

—  91    145 

—  II    795 


Z4  274 
28  547 

32  989 

37  029 
43  315 
60  216 

36  &44 

38  742 
51   538 
91  097 

37  533 
75  507 
47  327 
71  528 
79  944 
64  859 
20  713 
20  503 


19 
20 
21 
22 
23 
24 
25 
26 
27 
KB 
29 
30 
31 
32 
33 
34 

35         

TOTAL  1  698  575 


FIG.  700.    WARD  BOUNDARIES  OF  CHICAGO  AS  USED  IN  UNITED  STATES  CENSUS  OF  1900 


I  - 

2- 

3- 
4  - 
5- 
6- 
7- 
8- 
9- 
10- 

II  - 
12- 
13- 
14- 
15- 
16- 
17- 
18- 


WARD  NO.  POPULATION 


58023 
61  708 
47906 
49324 
4*320 
52428 
99696 
74  793 
1 12  793 
68  163 
81  985 
51  308 
78571 
70408 
70841 
67769 
59547 


Wards  as  created 

by  Ordinance  of 

Jan  7, 1901. 

WARD  NO. POPULATION 


29528 
4E  801 
46  135 
49650 
57  131 

•  75  121 
904Z3 
65  810 
44801 
51  707 

•  57664 
91  521 

•  587EI 
52770 

•  60438 

•  65223 

•  70099 

•  26137 


TOTAL       2  185283 


FIG.  701.    WARD  BOUNDARIES  OF  CHICAGO  AS  USED  IN  UNITED  STATES  CENSUS  OF  1910 


A  •  Princeton  Ave. 
B  .  FiTth   Av«. 
C  =LS.&M.S.Ry. 
D  --  South  Park  Avc. 
E  =  Michiuan  Av>. 
F  m  Indiana   Avc. 
G  .  Wcntwwth  Ave. 
H  ,  Hal«t«d   St 
J  .  D«  Plaines  St. 
K     DcKov«n  St 
L  -  Jefferson   St. 
M  =  Stewart  Ave. 


FIG.  702.    WARD  BOUNDARIES  OF  CHICAGO  AS  CREATED  BY  ORDINANCE  OF  DEC.  4,  1911,  AND 

AMENDMENT  OF  JAN.  22,  1912 


1072        SMOKE  ABATEMENT  AND  ELECTRIFICATION   IN  CHICAGO 


TABLE   CDXXVIII.     CHANGES  IN  'POPULATION  OP  ILLINOIS  AND  MIGRATION  OP  NATIVE-BORN  PERSONS 

TO  AND  PROM  ILLINOIS.  1850-1910 


Penona  Born  in  Illinois 

Penooa  Living  in  Illinois 

Living  in    Illinois 

Living  in  Other  Statei 

Born  in  Illinois 

Born  in  Other  Slate* 

Forrign-Bora 

Yew 

Total 
Number 

Number 

Per  Cent 

..(  Total 
Number 
Born  in 

Number 

i    .... 
•    I    •  .. 
Number 
horn    in 

Total 
Number 

Number 

I1.  :   1    .      ' 

1  Ton 

Number 
Uving  in 

Number 

Per  Cent 

•    I..-  , 
Number 
1  .n  nut  in 

'.    •      .  : 

i\  .  i  .  .  . 

pjf    Pol  , 

N.itnl.  r 
Living  in 

Net  Gain 

;  .-- 

!  P          •    . 

M  .•  •  m 

Illinois 

Illinois 

Illinois 

Illinou 

Illinois 

1 

2 

3 

4 

& 

6 

7 

8 

9 

10 

11 

12 

13 

H 

KBO 

M  .  J07 

143.11  18 

•vS     _v 

|-,   SVI 

M     78 

V.  1,1  7d        1(43.618 

!••     N 

....    ,;  . 

li.    !•' 

MI:.  .'• 

i  .    I  . 

:  1  7  .  i  .•  1 

I-,.,, 

Ml  861 

;  ••    a 

134,736 

16  01 

l.7il.'.i:.i       7 

41  :MI 

1870 
Iggg 

1.479.410 
2.2A3.409 

i  tag  KM 

1,709,520 

HO.  40 

7  .... 

I  7 

..      --  , 

19.60 
24.47 

2,539.891    1.189.503 
3.077.871     1.709.520 

I6.M 

i  ,  .  ieo 

7^;   77 

a  M 
u  a 

e  .  78 

;-  ••• 

MM 

1900 

I'.lln 

3,014,005 
3.000.494 
4.714.723 

..  M  :  U7 
3.400,638 

7-    ~7 
71  JIN 
71'  2li 

817,717 
;  01S.I  '7 
1,308,085 

27  13 
-     M 

J7   71 

3.826.331    2.19A.288 
4.S04.508    2393357 
5.809.141    3.1 

.7   K> 
80  73 

7-.7.7H. 
.  i  I,<KM 
997,189 

17   7x 

717 

.'J    Ml 

ID     1 

01< 
•  .-;.. 

*  Minus  sign  ( — )  denotes  decrease. 

United  States  Census  Bureau  for  the  decades  1850  to 
1910,  inclusive. 

The  percentage  of  increase  by  decades  in  the  popu- 
lation of  Illinois,  born  and  living  in  that  state,  and  the 
migration  of  native-born  persons  to  and  from  Illinois, 
from  1850  to  1910,  are  shown  by  table  CDXXIX. 

TABLE  CDXXIX.     PERCENTAGE  OF  INCREASE  IN  POPULATION 

OP  ILLINOIS  AND  MIGRATION  OP  NATIVE-BORN 

PERSONS  TO  AND  FROM  ILLINOIS,   1850-1910 


;  i 

Penona  Born  in  Illinois 

Penoni  Living  in  I  Hi  not. 

Total 
Number 

Living  in 
Illinou 

Living  in 
Other 
HUM* 

Total 
Number 

Born  in 
Other 

-•    • 

6 

Forrign- 
Born 

i 

185O-1860 
[Slid    IN7II 
1870-1880 
1880-1890 
1890-1900 

:  mil 

a 

3 

4 

6 

7 

-     7 

13  27 
44  34 
14.77 

.'i   ..- 

in;  UN 
75.77 

33.16 
29.61 

1!      •  !l 

10.1    7 

.  -  i 

43.72 
28.47 
31.76 
17.72 

193.81 

115  17 
91.06 
47.63 
23.84 

-  •    IN 

mi  in, 

;.     .. 
21.18 
24.32 

. 

•      7 

72  99 

.     : 
•     n« 
0.37 
19  83 

\  ..  .  :,•• 

.,.,.',:..       . 

increase  .  . 

Ratio  (to  1) 
•    - 
whole 

[.."..: 

51.50  • 
'  21  .  10 

46.50 
9.91 

74.70 
28.51 

30.91 

' 

16.78 

. 

48.03 
10.62 

*  Minus  sign  ( — )  denotes  decrease. 

A  marked  change  has  taken  place  in  the  effect,  on 
the  population  of  Illinois,  of  migration  of  native-born 
persons.  In  1850,  the  number  of  persons  born  in  Illi- 
nois and  living  in  other  states  was  347,424  less  than  the 
number  born  in  other  states  who  were  living  in  Illinois. 
In  1910  the  number  born  in  Illinois  and  living  in  other 
states  exceeded  by  310,896  the  number  bom  in  other 
states  who  were  living  in  Illinois.  This  change  in  the 
migration  balance  from  gain  to  loss  is  the  significant 
feature  of  the  migration  statistics  for  the  entire  period 
from  1850  to  1910. 

The  effect  of  this  change  in  migration  is  modified 
by  the  fact  that  the  population  of  the  whole  state  in 
1910  was  nearly  seven  times  as  great  as  in  1850.  In 
1850,  the  influx  of  347,424  persons  represented  nearly 
41  per  cent  of  the  total  population  living  in  the  state 
at  that  date;  while  in  1910  the  efflux  or  loss  due  to 
migration,  310,896  persons,  was  little  more  than  5.5  per 
cent  of  the  total  population  of  the  state.  This  change 
is  significant  in  that  its  effect  reverses  conditions  of  an 
earlier  period.  It  shows  a  tendency  during  the  last 
three  decades  on  the  part  of  persons  bom  in  Illinois 


to  move  away  from  the  state  to  an  extent  that  has  not 
offset  by  the  tendency  of  nntive-l>orn  jxTsons  to 
mow  into  Illinois. 

Another  phase  of  the  same  tendency  is  to  be  noted 
in  the  fact  that  the  number  of  persons  born  and  living 
in  Illinois  forms  a  decreasing  proportion  of  the  total 
number  born  in  that  state;  for  in  1850,  the  number 
lx>rn  and  living  in  Illinois  represented  88.22  per  cent 
of  the  number  born  in  the  state,  while  in  1910,  the 
ratio  was  only  72.26  per  tvnt. 

Although  the  proportion  to  the  total  population  of 
those  born  and  living  in  Illinois  increased  from  40.36 
JKT  tvnt  in  1850  to  60.73  per  cent  in  1910.  the  propor- 
tion of  those  born  in  other  states  and  living  in  Illinois 
decreased  in  the  same  period  from  46.19  per  cent  of 
the  total  to  17.78  per  cvnt. 

701.04  Comparative  Increase  in  Population  Born 
in  Other  States  and  Living  in  Chicago  and  in  Illinois 
Exclusive  of  Chicago :  Table  CDXXX  presents  statis- 
tical facts  relating  to  persons  born  in  other  states  and 
living  in  Chicago  and  in  Illinois  outside  of  Chicago. 

The  first  division  of  table  CDXXX  relates  to  the 
increases  for  Illinois  as  a  whole,  which  have  already 
been  discussed.  For  the  period  from  1850  to  1910, 
the  increases  are  in  descending  order,  ranging  from 
72.99  per  cent  in  the  earliest  decade  to  5.65  per  cent 
in  the  latest. 

The  increases  in  the  number  of  native-born  persons 
of  other  states  living  in  Chicago  are  shown  in  the  second 
division.  For  successive  decades  the  percentages  of  in- 
crease due  to  this  cause  varied  from  237.61  in  1860  to 
12.52  in  1910.  In  terms  of  the  increase  of  the  first 
decade,  the  ratios  of  increase  for  the  following  periods 
are  successively  2.14,  1.83,  6.00,  6.90  and  2.29.  In 
the  past  60  years,  there  has  been  a  total  increase  of 
376,498  in  the  population  of  Chicago  due  to  migration 
from  states  other  than  Illinois. 

From  1850  to  1860,  the  state  of  Illinois  outside  of 
Chicago  gained,  through  migration  of  native-born  per- 
sons of  other  states,  69.63  per  cent  over  the  number 
of  this  class  in  1850.  But  on  account  of  the  shifting 
of  this  population,  with  losses  from  1870  to  1890,  the 
total  increase  from  1850  to  1910  was  less  than  the 
increase  from  1850  to  1860. 

The  relative  attraction  of  the  native-born  population 
of  other  states  to  the  city  of  Chicago  and  to  the  state 
of  Illinois,  exclusive  of  Chicago,  will  be  noted  by  the 
changes  in  the  proportion  received  by  each.  In  the 
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decade  1850  to  1860,  6.51  per  cent  of  such  native-born 
population  of  other  states  were  living  in  Chicago. 
while  93.49  per  cent  were  located  in  Illinois  outside  of 
the  city.  The  city  continued  to  receive  an  increasing 
proportion  of  the  native-born  persons  migrating  from 
other  states  and,  in  the  period  from  1900  to  1910, 
Chicago  claimed  80.28  per  cent,  while  19.72  per  cent 
went  to  the  remainder  of  the  state. 

701.05  Increase  and  Decrease  in  the  Population 
of  Illinois  Due  to  the  Migration  of  Native-Born  Per- 
sons: The  number  of  native-born  persons  who  mi- 
grated to  or  from  Illinois  during  each  decade  from 
1850  to  1910  is  given  in  table  CDXXXI,  together 
with  the  net  increases  or  decreases  and  the  net  gain 
or  loss  through  migration  as  shown  by  the  reports  of 
the  last  six  census  years. 

From  1850  to  1860,  the  migration  from  Illinois  was 
193.61  per  cent  of  the  number  who,  born  in  Illinois, 
were  in  1850  living  in  other  states.  Though  increasing 
numerically  thereafter,  the  number  of  persons  born  in 
Illinois  and  migrating  to  other  states  forms  a  decreasing 
proportion  of  the  number  of  such  persons  living  in  other 
states.  The  number  who  migrated  to  Illinois  is  com- 
bined with  the  number  who  migrated  from  that  state, 
thus  showing  the  net  increase  or  decrease  in  popula- 


tion due  to  these  movement  ii  'Iccade.  In  the 

first  of  these  decades,  the  movement  to  the  state  cx- 
cifilrd  that  from  it,  while  in  the  following  ten  years, 
1860  to  1870,  there  was  a  slight  lost. 

701.06  Population  of  Chicago,  Classified  by  Place 
of  Birth :  The  population  of  Chicago,  classified  accord- 
ing to  place  of  birth,  is  shown  by  census  years  in  table 
CDXXXII. 

Table  CDXXXII  groups  the  population  of  Chicago 
for  the  last  seven  census  years  into  three  main  classes. 
Two  of  these  classes  are  the  native-born  persons  of 
Illinois  and  the  native-born  persons  of  other  states, 
while  the  third  comprises  those  of  foreign  birth. 

The  growth  in  the  total  population  of  Chicago  has 
been  remarkable.  The  rate  of  this  increase  is  shown 
by  tables  CDXXXII  I  to  CDXXXVI.  inclusive. 

In  summarizing  the  statistics  of  the  population  of 
Chicago,  it  appears  that  the  changes  in  the  proportion 
of  each  of  the  three  classes  during  the  past  60  years 
have  been  marked,  and  these  changes  are  significant 
when  considered  in  relation  to  the  city's  future  popu- 
lation. 

The  most  important  change  appears  in  the  decreasing 
proportion  of  the  foreign-born  population.  In  1850  the 
number  of  foreign-born  amounted  to  53.39  per  cent  of 


TABLE  CDXXX. 


COMPARATIVE  INCREASE  IN  POPULATION  BORN  IN  OTHER  STATES  AND  LIVING  IN  CHICAGO  AND 
IN  ILLINOIS  EXCLUSIVE  OF  CHICAGO.  1850-1910 


Decade 

Total 
Increase  for 
Illinois 

Per  Cent 
of  Increase 

Living  in  Chicago 

Living  in  Illinou  Ouuide  of  Chicago 

Total 
Increase 

Per  Cent  of 
Increase  over 
Preceding 
Decade 

Per  Cent  of 
Total  Increase 
for 

Illinois 

Total 
IncmM 

Per  Cent  of 
Increase    over 
Preceding 
DetSt 

Per  Cent  of 
Total   Increase 
for 

Illinou 

1 

2 

3 

4 

5 

6 

7 

« 

9 

1850-1860 
1860-1870 
1870-1880 
1880-1890 
189O-1900 
19OO-1910 

287,070 

154,807 
—  50,415* 
2,941 
156,188 
53.285 

TL-  ":> 
22.75 
—6.036 
.375 
19.83 
5.65 

IS.IWl 
39,886 
34,169 
112.156 
128,827 
42,779 

237.61 
150.27 
51.44 
111.49 
lid   -,:, 
12.09 

•  ,  :,l 
25.76 
Ii7  .  7S 
3813.53 

*•->     IS 

80.28 

2ftS     ;..,                               ... 

114.921                        17.58 
—84.584                 —11.00 
—  HXI.L'l.-,                 —15.98 
27,.f«il                       4.76 
10.506                       1.74 

.  .    :  • 
74  24 
—167.78 
—3713.53 
17  52 

n.n 

Totals 

603,876 

153.54 

376.498 



227.378 

*  Minus  sign  ( — )  denotes  decrease. 


TABLE  CDXXXI. 


INCREASE  AND  DECREASE  IN  POPULATION  OF  ILLINOIS  DUE  TO  MIGRATION  OF  NATIVE-BORN  PERSONS 

1850-1910 


To  Illinois                                                       From  Illinou 

Net  Gain  or  Lorn 

Decade 

Total 
Number 

Per  Cent  of                        Total 
Increase                         Number 

Per  Cent  of                     or  Decrease 
Increase 

to.  Date   through 
Migration 

1 

2 

3                   I)                 4 

5 

0 

7 

1850-1800 
1860-1870 

287.070 
154,807 

72   IKI 
22.75 

SS.SI7 
155,171 

193.61 
115.17 

198.223 

i 

545.647  in  I860 
545.283  in  1870 

1870-1880 

—50,415* 

—  6.036 

263,982 

HI   .  ., 

—314.397 

230.886  in  188O 

1880-1890 

2,941                                  .375 

263,828 

47.63 

—  260,887 

—30.001  in  1H90 

189O-1900 
1900-1910 

156,188                             19.83 
53.285                             5.65 

194,920 
295,448 

3S.84 

29J8 

—38,732 

—342.ua 

—68.733  in  1900 
—  31O896  in  1910 

Totals 

603,876 

1.262.196 

—658.320 



*  Minus  sign  ( — )  denotes  decrease. 


TABLE  CDXXXII.     POPULATION  OF  CHICAGO.  CLASSIFIED  BY  PLACE  OF  BIRTH.  1850-1910 


Native-Bom 

Foreign-  Born 

Year 

Total 
Population 

Bora  in 
Illinois 

Per  Cent  of 
Total  Population 

Born  in  Other 
States 

Per  Cent  of  Total  ' 
Population 

'    •  , 
Number 

Per  Cent  of  Total 
Population 

1 

2 

3 

4 

& 

0 

7 

8 

1850 

,,,  •  .--, 

5,831 

I1'  -  . 

:  n  -' 

-••    •  • 

-. 

1860 
1870 
1880 
1890 
1900 
1910 

109.260 
298,977 
503,185 
1,099,850 
1.698,575 
2.185.283 

28.093 
87,9fll 
197.728 
436,430 
769,882 
1,017.495 

25.71 
39.43 
39.30 
39.08 
45  33 
46.56 

26.543 

si  a 

100.598 
212.754 
341.581 
384.300 

34.29 

.  -   .  ' 
19  99 
19.34 
20.11 
17.  59 

•  :•:•• 
144,557 
2O4.859 

UO.OM 

887.113 

783.428 

48  35 
40  71 
4(1  9N 
34   M 
35.  M            1 
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TABLE  CDXXXIII.     RATIO  OF  INCREASE  IN  TOTAL 
POPULATION  OP  CHICAGO.  1850-1910 


1850 

IM.M 

IS70 

I.HSO 

IVHI 

I  

nun 

1 

2 

3 

4 

5 

8 

7 

1.00 

3.72 
1.00 

10.18 
2.74 
1.00 

17.13 
4.61 
1.68 
1.00 

37.44 

10.07 
:    ,,. 
2.19 
1.00 

:,;  -_• 

tc.aa 

8.68 

.         .X 

1.64 

1.00 

71     .•. 

7.31 
4.34 

1.99 

]    » 

TABLE  CDXXXIV.     RATIO  OP  INCREASE  IN  POPULATION 
OF  CHICAGO  BORN  IN  ILLINOIS.   1850-1910 


1850 

1860 

I.H70 

I.VMI 

|M!«1 

1910 

1 

2 

3 

4 

S 

8 

7 

1.00 

4.82 
1.00 

1.1  ,,. 
3.13 
1.00 

..  n 

7.04 
2.25 
1.00 

71    «•. 

:      M 
4  98 
J  21 
1  00 

132.03 
.:   10 
8.75 
-• 
1.70 
1.00 

:7i   MI 

•  n 

11.80 
8.15 

-  ! 

;    12 

TABLE  CDXXXV.     RATIO  OP  INCREASE  IN  NATIVE-BORN 
POPULATION  OP  OTHER  STATES  LIVING  IN  CHICAGO.  1(50-1910 


1850 

|Sti<l 

1870 

1880 

1890 

1900 

1910 

1 

2 

3 

4 

5 

t 

7 

1   00 

3.38 
1.00 

-.  M 

2.50 
1.00 

19.  M 
3.79 
1.51 
1.00 

27.08 
8  02 
3.20 
2.11 
1.00 

43  45 

.    -7 
6.14 
3  40 
1.61 

,   ,„. 

,s     V, 

.  i   U 

n 

-- 

1.81 

1    I  . 

TABLE  CDXXXVI.     RATIO  OF  INCREASE  IN  FOREIGN-BORN 
POPULATION  OP  CHICAGO.  1850-1910 


1850 

1860 

is;  . 

ISJMI 

IN1K] 

IMN) 

1910 

1 

2 

3 

4 

8 

8 

7 

1.00 

.1   I- 
1.00 

9.22 
1.00 

3.75 
1  42 
1.00 

.'S    71 

8.25 
3.12 
2.20 
1.00 

7     II 

10  75 
4.06 
2.87 
1.30 

1    (HI 

i  
14.34 
5  42 

1.74 

• 

TABLE  CDXXXVII.     AVERAGE  DECENNIAL  PERCENTAGE  OP 
INCREASE  IN  POPULATION  OP  CHICAGO.  1850-1910 


Decade 

Total 

IllinoU- 
Born 

Native-Horn 
of  Other 
Stale* 

Fareign- 
Born 

1 

2 

• 

4 

1850-1910 
1860-1910 
1870-1910 
1880-1910 
1890-1910 
1900-1910 

105.08 

64.42 
63.15 

io  ... 

136.30 
105.02 
84.41 

-.. 

82.16 

91.22 

70  67 

... 

• 
34  41 

a   i 

91.91" 

7  •     ,1 

.'    '.» 

56.38 
11.  M 
33.44 

TABLE  CDXXXVIII.     SUCCESSIVE  DECENNIAL  PERCENTAGE  OP 
INCREASE  IN  POPULATION  OP  CHICAGO,  1850-1910 


Decade 

Total 

Illinou- 
Born 

Native-  Born 
of  Other 
State* 

Foreign- 
Born 

1 

2 

3 

4 

5 

1850-1860 
1860-1870 
1870-1880 
1880-1890 

271.95 

173.64 
68.30 
118.58 

381.  ZB 
213.21 
124.71 
120.72 

237.61 
150.27 
51.44 
111  49 

(Not  given) 

189O-19OO 

54.44 

76.40 

60  55 

1900-1910 

28.65 

32.16 

12  52 

the  total  population  of  the  city,  while  in  1910  the  for- 
eign-born population  represented  but  35.85  per  cent 
of  the  total.  The  native-born,  representing  46.61  per 
cent  of  the  population  in  1850,  had  increased  in  1910 
to  64.15  per  cent  of  the  population. 

Still  another  change  is  noteworthy  in  connection 


with  the  relative  proportion  of  the  population  of  Chi- 
cago born  in  Illinois  and  that  born  in  other  states. 
The  proportion  of  the  total  of  those  born  in  Illinois 
increased  from  19.85  per  cent  in  1850  to  46.56  per  cent 
in  1910,  while  the  proportion,  to  the  total,  of  the  popu- 
lation born  in  other  states,  like  that  of  the  foreign-born 
population,  has  been  decreasing,  having  been  26.76 
per  cent  in  1850  and  17.59  oer  cent  in  1910.  The 
increase  of  population  in  Chicago  is  becoming  more 
and  more  dependent  upon  the  proportion  of  its  popu- 
lation born  in  Illinois. 

701.07  Statistics  of  Migration:  The  three  dec- 
ades from  1870  to  1900  may  be  noted  as  contributing 
special  influences  on  the  population  of  Chicago.  The 
first  includes  the  great  fire;  from  1880  to  1890,  the  ur- 
ban movement  rose  to  its  highest  proportions ;  and  the 
World's  Fair  of  1893  affected  the  decade  from  1890 
to  1900.  The  significance  of  these  facts  is  shown  by 
tables  CDXXXIX  to  CDXLI,  inclusive. 


TABLE  CDXXXIX.     COMPARISON  OP  POPULATION  BORN  IN 

OTHER  STATES  LIVING  IN  CHICAGO.  AND  IN  ILLINOIS 

EXCLUSIVE  OF  CHICAGO.  1850-1910 


Year 

ToUl 
Population 
Bora  io 

.... 

Living  in 

III,.,..,. 

Living  in  ChicMo 

u  ii    Illinnu 
(  liitmili-  of  Chicago 

ToUl 
Number 

Per  Cent  of 

1    •  . 
Number 
Lningia 

IllinOU 

Total 
Number 

,it  of 
Total 
Number 
l.mng  in 
lUinoii 

1 

2 

• 

4 

» 

fl 

1850 

..... 

1870 

ISSII 
|.  Him 

1900 

:  nil 

393.313 

-.     ... 
835.190 
784.775 
787.716 
943,904 
'.-.;  i-. 

rjn 

K    .1 
,  ,   ..... 

100,598 
212.754 
341.581 
384.380 

„ 
7  95 

•n  01 
.    n 

38.  M 

151 
853.840 
768.761 
684.177 
574.982 
...     .  •  , 

.  a  -.'•• 

98.00 

....      IM 

...•  M 

-7     U 

n  "•• 
.  .  n 

61.48 

TABLE  CDXL.     POPULATION  BORN  IN  OTHER  STATES 
LIVING  IN  ILLINOIS.  1850-1910 


Yeai 

R«tio  of  IncreaM 
or  DecramM 

Average  Decennial 
InrmuM 

Actual  Successive 
Decennial 
>,lage 
Increaae  or 
Decrease 

Period 

Decade 

Per 
Cent 

1 

1 

3 

4 

5 

a 

1850 

ISttfl 

1870 

tog 
iae£ 

1900 

•  III 

1.00 
1.731.00 
2.121.231.00 
2.001.150.941.00 
2.001.160.941.001.00 
2.40  1.39  1.13  1.20  l.iO  1.00 
2.54  1.47  1.19  1.27  1.27  1.06 

1910 
1880-1910 
1870-1910 
1880-1910 
1890-1910 
1900-1910 

16.77 
7.95 
4.83 
8.31 
12.81 
8.85 

1880-1MO 

1880    1-7" 
IS70    IMO 

un  iwo 

IMO-1MM 

1900-1910 

72  99 

n  n 

...1C 

0.37 

I'.    Ml 

8.88 

TABLE  CDXLI.     POPULATION  BORN  IN  OTHER  STATES 
LIVING  IN   ILLINOIS   EXCLUSIVE  OP   CHICAGO.    1850-1910 


Year 

Ratio  of  Increaae 
or  Decrease 

Average  Decennial 
Percentage 
Increan  or 
Decrease 

Actual  Sucreadre 
Decennial 
Percentage 
Increaae  or 
Derreaae 

Period 

Per 

<    .,:< 

Decade 

Per 
CM 

1 

2 

3 

4 

6 

6 

1850 
1860 
1870 

ISSIl 
1890 
1900 
1910 

1.00 
1.701.00 
1.991.181.00 
1.781.050.891.00 
1.490.880.750.841.00 
1.500.920.780.88  1.05  1.00 
1  .59  0.94  0.80  0.90  1  .07  1  .02 

is.vi-i'.'lii       8.03 
1860-1910   —  1.29« 
1870-1910   ^5.51 
1880-1910  ,—3.60 
1890-1910       3.24 
1900-1910       1.74 

1850-1860 
1860-1870 
1870-18KO 
1880-1890 
1K90-19OO 
1900-1910 

69.63 
17.58 
—11.00 
—15.96 
4.76 
1.74 

*  Minus  sign  ( — )  denotes  decrease. 
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701.08  Decennial  Comparison  of  Population  Born 
in  Other  States  and  Living  in  Chicago,  and  Popu- 
lation Born  in  Other  States  and  Living  in  Illinois  Ex- 
clusive of  Chicago:    A  comparison  of  the  population 
born  in  other  states,  living  in  Chicago  and  in  Illinois 
exclusive  of  Chicago,  for  the  census  years  1850  to 
19 10,  inclusive,  is  presented  in  tables  CDXXXIX  to 
CDXLI,  inclusive. 

A  noticeable  change  has  taken  place  in  the  distribu- 
tion of  persons  migrating  from  other  states.  In  1850, 
of  the  total  population  born  in  other  states  and  living 
in  Illinois,  only  2.00  per  cent  were  living  in  Chicago, 
while  98.00  per  cent  were  living  in  Illinois  exclusive 
of  Chicago.  In  1910,  the  conditions  had  so  changed 
that  of  those  who  had  migrated  to  Illinois  from  other 
states,  38.54  per  cent  were  living  in  Chicago  and  61.46 
per  cent  were  living  in  Illinois  exclusive  of  Chicago. 

Between  the  years  1850  and  1910,  the  population 
which  migrated  from  other  states  to  Illinois  increased 
250  per  cent.  During  the  same  period  that  part  of 
the  migrated  population  living  in  Illinois  exclusive  of 
Chicago  increased  about  60  per  cent;  but  the  greatest 
increase  appears  in  the  number  of  the  native-born 
persons  of  other  states  living  in  Chicago,  the  number 
in  1910  being  48.89  times  that  in  1850. 

701.09  Comparison  of  Native-Born  and  Foreign- 
Born  Population  of  Illinois  and  of  Chicago :    A  com- 
parison of  the  native-born  and  the  foreign-born  popu- 
lation of  Illinois  and  of  Chicago,  by  census  years  from 
1850  to  1910,  is  shown  in  table  CDXLII. 

Of  the  total  population  of  Illinois  in  1850,  86.55  Per 
cent  were  of  native  birth,  while  the  remaining  13.45 
per  cent  were  of  foreign  birth.  In  1910  the  native- 
born  population  of  the  state  represented  78.62  per  cent 
of  the  total  population,  and  the  foreign-born  accounted 
for  the  remaining  21.38  per  cent. 

Of  the  total  population  of  Chicago  in  1850,  46.61  per 
cent  were  native-born,  while  53.39  per  cent  were  foreign- 
born.  In  1910,  the  native-born  represented  64.15  per 
cent,  while  the  foreign-born  represented  35.85  per  cent 
of  the  total  population. 

Of  the  population  of  Illinois  exclusive  of  Chicago 
in  1850,  87.97  Per  cent  were  native-born  and  12.03  P^r 
cent  were  foreign-born.  Of  the  population  of  Illinois 
exclusive  of  Chicago  in  1910, 87. 78  per  cent  were  native- 
born  and  12.22  per  cent  were  foreign-born. 

In  1850,  Chicago's  population  represented  3.45  per 
cent  of  the  total  population  of  the  state.  In  1860,  it 
was  6.38  per  cent;  in  1870,  11.77  per  cent;  in  1880, 
16.35  Per  cent;  m  l89°>  28-74  per  cent;  in  1900,  35.23 
per  cent;  and  in  1910,  38.76  per  cent.  The  average 


nial  increase  for  the  state  from  1850  to  1910  was 
36.91  per  cent  and  the  corresponding  rate  for  Chicago 
was  105.08  per  cent. 

The  total  native-born  population  of  Illinois,  lx->jin- 
ning  with  the  decade  1850  to  1860,  shows  successive 
decennial  percentage  increases  of  88.25,  45-94.  »3-»9. 
19.63,  29.18  and  15.01. 

^  In  1850,  of  the  native-born  population  of  Illinois, 
Chicago  claimed  but  1.86  per  cent,  and  the  remaining 
98.14  per  cent  were  located  in  other  parts  of  the  state. 
In  1910,  of  the  native-born  population,  Chicago  had 
31.62  per  cent,  and  the  remaining  68.38  per  cent  were 
located  in  other  parts  of  the  state. 

701.10  Comparison  of  Foreign-Born  Population  of 
Illinois,  Cook  County  and  Chicago :  •  A  comparison  of 
the  totals  and  percentages  of  the  foreign-born  popula- 
tion of  Illinois,  Cook  County  and  Chicago  is  presented 
by  table  CDXLIII. 

Of  the  total  foreign-born  population  of  Illinois  in 
1850,  19.09  per  cent  were  in  Cook  County  and  80.91 
per  cent  were  in  other  parts  of  the  state.  In  1900, 
64.74  per  cent  of  the  total  were  located  in  Cook  County 
and  35.26  per  cent  in  other  parts  of  Illinois.  Chicago 
itself  claimed  most  of  the  foreign-born  population  of 
Cook  County,  as  will  be  seen  by  a  comparison  of  the 
county  and  city  figures  for  the  same  census  years. 
In  1850,  Chicago  had  13.69  per  cent  of  the  total  for- 
eign-born population  of  the  state,  while  in  1910  it 
had  65  per  cent  of  such  population. 

The  foreign-born  population  of  Cook  County  exclu- 
sive of  Chicago  increased  from  6,181  in  1850  to  38,772 
in  1900.  These  figures  have  been  used  as  a  guide  in 
determining  the  proportion  of  foreign-born  added  to 
the  population  of  Chicago  from  time  to  time  through 
annexations.  The  decrease  in  the  foreign-bom  popu- 
lation living  in  Cook  County  exclusive  of  Chicago 
during  the  decade  1880-1890,  was  due  to  the  large 
annexations  to  Chicago  made  during  this  period. 

701.11  Comparative  Increase  in  Total  and  Native- 
Born  Population  of  Illinois,  Cook  County  and  Chicago : 
The  comparative    increases  in    the  native-born  and 
foreign-born  population  of  Illinois,  Cook  County  and 
Chicago  for  the  six  decennial  periods  previous  to  1910 
are  shown  by  table  CDXLIV. 

The  total  population  of  Illinois  in  1910  was  6.62 
times  that  in  1850.  The  average  compound  decennial 
increase  for  this  period  has  already  been  referred  to 
as  36.91  per  cent. 

The  total  population  of  Chicago  in  1910  was  74.39 
times  as  great  as  in  1850.  The  average  decennial 
increase  from  1850  to  1910  amounted  to  105.08  per 


TABLE  CDXLII.     COMPARISON  OF  NATIVE-BORN  AND  FOREIGN-BORN  POPULATION  OP  ILLINOIS  AND  OP  CHICAGO 

1850-1910 


Year 

Total  Population 

Native-Born  Population 

Foreign-Born  Population 

IllinoU 

Chicago 

Total 

Per  Cent 
of  Total 
Population 

Living 
in 
Chicago 

Living   in 
OtherPmrti 
of   IllinoU 

Total 

Per  Ont 
of  Total 
Population 

Living 
in 
Chicago 

Living  in 
• 
of  lUinow 

1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

1850 
1860 
1870 

l^xn 
IS'.KI 
1900 
1(11(1 

861,470 
1,711,951 
2,539,891 
3,077,871 
3,826,351 
4,821,550 
5.638.591 

L«i,:i7.-, 
109,260 
298,977 
503.185 
1,099,850 
1,698,575 
2,185.283 

736,931 
1,387,308 
2,024.693 
2,494.295 
2.984.004 
3,854.803 
4,433.277 

81.04 
79.72 
81.04 
77.99 
79.95 
78.62 

13.693 
M,fl  :, 
154.420 
298.326 
649.184 
1,111,463 
1.401.855 

723.238 
1,332,672 
1.870.273 
2,195.969 
2.334.820 
2.743.340 
.-1.031.422 

114.639 
324.643 
515.198 
583.676 
842.347 
966.747 
1.206.314 

1.1    li 
II    N 
.11    .  - 
II    •• 
22  01 
20  05 
21  38 

16.882 
64.024 
144.657 
20436* 

450.666 
687.112 
783.428 

06.867 
270.019 
370.841 
S7S.717 
»i.(»l 
37V.635 
421-8*0 
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TABLE  CDXLIII.     COMPARISON  OF   FOREIGN-BORN  POPULATION  OP  ILLINOIS.  COOK  COUNTY  AND  CHICAGO.  1850-1910 


Year 

Illinois 

Cook  County 

Illinois,  Exclusive 
of  Cook  County 

<  'hiraio 

Illinoii.  Exclusive 
of  Chicago 

Cook  County. 
Inclusive  of  Chicago 

ToUl 

Per  Ont 
,,f  Total 
Foreign- 
Born 
Population 
of   IlUnou 

Total 

. 

Per  Cent 
of  Total 
Forrign- 
Bora 

Population 
of   Illinoi. 

Total 

Per  Cent 
of  Total 
Foreign  - 
Born 

r<<|nilation 
..i    Illinoii 

Total 

Per  Cent 
of  Total 
Foreign- 
Born 
Population 
•i    Illinou 

Total 

Per  Cent 
of  Total 
Foreign- 
Born 
Population 
of  Cook  Co. 

1 

2 

3 

4 

& 

6 

7 

8 

0 

10 

11 

12 

IS.MI 
IMKI 

;~7» 

I.XStl 

1800 
1900 
nun 

114,639 
324.643 
615.198 
583.576 

842.  :H7 
966,747 

i  LII.'I  :<u 

12,80] 
71378 

1B6.772 
242.415 
482.6A2 
625,884 
844.874 

Hi  .   . 
JJ   II 
:tl!  :i7 

11    -M 
57.30 
64.74 

252.770 

MMM 

341.161 

•   • 
.     -• 
3110.440 

-      • 

:  • 
M   i. 

1.'   7n 

• 

...  i 
144.547 
204.8W 
450.000 
1U 
.  -     i    - 

i  .  .  . 
M.O 

.    ... 

HI    7:1 



•.-  «•.; 
270,010 
370.041 
378.717 
301.081 

421.880 

SI,      .1 

S3   17 
71.04 

,.,  .„. 
|.     0 
C  17 



i;  I.M 
I7J48 
-'15 

:<I.USO 
38.772 
•1   n< 

&.40 
5.31 
4.31 
0.44 

;  MI 
4.01 

cent.  The  average  decennial  increase  in  the  popula- 
tion of  Cook  County  from  1850  to  1910  amounted  to 
95.27  per  cent. 

The  total  native-born  population  of  Illinois  in  1910 
was  6.02  times  _that  of  1850.  The  native-born  popu- 
lation of  Chicago  in  1910  was  102.38  times  as  great  as 
in  1850. 

Corresponding  figures  for  the  increases  in  the  na- 
tive population  of  Cook  County,  as  compared  with 
the  increases  for  Illinois,  do  not  vary  greatly  from 
the  comparison  of  the  figures  for  Chicago  and  the 
state.  Both,  however,  reached  a  maximum  relation 
in  the  decade  from  1880  to  1890,  after  which  their 
proportion  to  the  increases  of  the  state  was  less. 

701.12  Comparative    Increase    in    Foreign-Born 
Population   of   Illinois,    Cook    County   and    Chicago: 
The  comparative  increases  in  the  foreign-born  popu- 
lation of  Illinois  as  a  whole,  of  Chicago,  of  Illinois 
exclusive  of  Chicago,  and  of  Cook  County  and  Cook 
County  exclusive  of  Chicago,  are  presented  in  table 
CDXLV. 

In  1910  the  foreign-born  population  of  Illinois  was 
10.52  times  as  great  as  in  1850.  The  successive  de- 
cennial increases  have  been  previously  noted.  In  the 
decade  from  1890  to  1900,  Chicago's  increase  in  foreign- 
born  population  was  greater  than  that  of  the  state. 
In  1910  Illinois  exclusive  of  Chicago  had  gained  in 
foreign-born  population  4.27  times  the  foreign-born 
population  of  1850. 

701.13  Comparative  Increase  in  Native-Born  and 
Foreign-Born   Population   of    Chicago:    Statistics  of 
comparative    increases    in   the   native-born    and    the 


foreign-born  population  of  Chicago  are  presented  in 
table  CDXLVI. 

In  connection  with  the  facts  shown  by  table 
CDXLVI,  attention  is  again  called  to  the  special 
influences  of  the  three  decades  from  1870  to  1900, 
including  respectively  the  Chicago  fire  of  1871,  the 
pvat  urban  movement  and  the  World's  Fair  of  1893. 

\Vhile  the  increases  for  the  entire  city  have  been 
decreasing  in  percentage  relation  to  previous  years, 
they  have  been  increasing  in  numerical  proportion, 
with  the  exception  of  the  decade  from  1900  to  1910  as 
compared  with  that  from  1890  to  1900. 

The  increase  in  native  population  forms  an  increasing 
proportion  of  the  total  increases  for  the  city,  ranging 
from  51.3  per  cent  in  the  earliest  decade  to  59.7  per 
cent  in  the  latest.  The  complement  of  these  figures 
is  seen  in  the  relation  of  the  increases  of  the  foreign- 
born,  varying  from  48.7  to  40.3  per  cent. 

In  subdividing  the  increases  of  the  native-born  pop- 
ulation, it  will  be  observed  that  the  increase  of  those 
born  in  Illinois  has  advanced  from  27.9  to  50.9  per 
cent,  while  the  increase  of  those  born  irl  other  states 
has  declined  from  23.4  to  8.8  per  cent. 

701.14  Increase  hi  the  Foreign-Born  Population 
of  Chicago,  Grouped  by  Leading  Race  or  Country  of 
Birth :  The  increase  in  the  foreign-born  population  of 
Chicago,  grouped  by  leading  races,  is  shown  by  table 
CDXLVII,  covering  the  decades  from  1880  to  1910. 

In  reviewing  the  racial  increases  for  these  three 
decades,  it  is  well  to  bear  in  mind  that  the  statistics 
are  the  resultant,  on  the  one  hand,  of  the  positive 
influence  of  population  increase  of  foreign-born  due  to 


TABLE  CDXLIV.     COMPARATIVE  INCREASE  IN  TOTAL  AND  NATIVE-BORN  POPULATION  OP  ILLINOIS,  COOK  COUNTY 

AND  CHICAGO.  1850-1910 


Decade 

Increase  in  the  Population,  both  Native-Born  and  Foreign-Born 

Increase  in  the  Native-Born  Population 

Illinois 

Chicago                           Cook  County 

I 

Illinou 

Chicago 

Cook    County 
(Including    Chicago) 

Total 

Per  Cent 
of 
Increase 

Per  Cent 
Total                  of 
Increase 

Total 

Per  Cent 
of 

Increase 

Total 

Per  Cent 
of 

Increase 

Total 

•  • 
of  Total 
Increase 
for 
Illinou 

Total 

i  .  ,  OS 

of  Total 
Increase 
for 
Illinois 

) 

2 

3 

4                     5 

6 

7 

8 

0 

10 

11 

12 

13 

1850-1860 
I860-  1870 
1870-1880 

ISMI  lv,u 
1890-1900 
1900-1910 

MMI.4M 
827,940 
537,980 
748,480 
995,199 
S17.II41 

:  
48.30 
21.18 
24  32 
26.01 
16  9ft 

79,885         271.05 
189,717         173.1)4 
204.  2O8            68  30 
596.665          118.58 
598,725            54.44 
486.708            28.65 

101.569 
2O5.012 
257.558 
584.3118 
646.S13 
506.498 

234.11 
141   43 
73.60 
96.19 
54  27 
30.81 

ii  II    -7 
637.3X5 
409.602 
489.7O9 
870.799 
.7-   174 

"   J  • 
i     M 

.  .  i'. 

29.18 
15.01 

;     .1  . 

IB  nt 

143,000 

350.858 
Mi  (79 

-  .••-• 

i  |  .... 
K)  M 

71    .    . 
53.09 
50.20 

,1    .    , 
110.113 
181.915 
344.161 

7.02 

17.28 
38  .  74 
70.28 
57.83 

Totals 

4.787.121 

2.155.908          

2.361.848 

3.696.346 

1.888,162 
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TABLE  CDXLV.     COMPARATIVE  INCREASES  IN  THE  POREION-BORN  POPULATION  OF  ILLINOIS.  '  NTY  AND  CHICAGO. 

USo-ioio 


Decade 

Illinou 

Chirac.. 

Cook  County 

jO.kO.gM.h. 

olCVeMo 

Total 

Per  Cent  of 

Increase 

Total 

Per  Cent  ol 
ToMl 

InrrMM 
for 

1    ii    , 

Total 

|.,.,i     .       • 

1    • 

IiirrtNMV 

• 

r 

Tout 

IVr  Ci-i,t  ..f 
Total 
Im-ffHttr 

IM 

Illlll..!. 

Toul 

i  .  ,    .  . 

To«l 
UirMM 

- 
intoote 

1 

2 

3 

4 

5 

11 

7 

8 

• 

• 

11 

1S.-.II    IStUI 

isiai  is7n 
1.S7I)    l>-<> 
1SSII    IV,I> 

1890-1000 
1900-1910 

aio.iiM 

190.555 
08^78 

258,771 
124.400 

LMS.frf-,7 

183.44 
58.70 
13.27 
44.34 
14.77 
24.  B8 

•.VI.' 

60,309 

245,807 
130,446 

MMi    I1C, 

I-    .. 
47.20 

SN     I'l 

M  H 

109.68 
82.29 

171,102 

1(1(1,622 

12,804 

—  12.046* 
42,26  1 

-I     17 

11    M 
5.01 
—9.68 
17  71 

,,    Illl 

.,,  gg  , 
;  .  .  i  . 
240.2:i7 
143,232 

.'  ,     ... 
I'l     -s.1 

1  11)  62 
••-•  -I 
118.13 

,••  - 

i   ... 

—5. 

.  m 

•••• 
2  60 
22  43 
—2  I". 
5  44 

Totals               |    1.090,775 

100.00 

707,746 

711    111 

12:1.0111 

211  III 



*  Minus  sign  ( — )  denotes  decrease. 


immigration  and  migration  and,  on  the  other  hand,  of 
the  negative  influence  of  population  decrease  due  to 
emigration,  migration  to  other  states  and  death  of 
foreign-born.  The  most  important  changes  are  to  be 
noted  in  the  decreasing  proportion  of  the  Germanic 
and  English  influx.  From  1880  to  1890,  the  Ger- 
manic showed  a  large  increase,  and  a  considerable  one 
in  the  next  decade,  1890  to  1900;  but  from  1900  to 
1910,  there  was  an  actual  loss  representing  the  differ- 
ence between  the  total  loss  through  death,  migration 
to  other  states  or  other  parts  of  Illinois,  and  emigra- 
tion, and  the  total  gain  through  immigration  and 
migration  from  other  states  or  other  parts  of  Illinois. 

In  like  manner,  the  first  two  decades,  1880  to  1890 
and  1890  to  1900,  saw  an  increase  from  Great  Brit- 
ain, Ireland  and  the  Colonies,  while  the  last  decade, 
1900  to  1910,  showed  a  loss.  The  Scandinavian  ele- 
ment also  shows  a  successive  decline  through  these 
three  decades. 

These  deficiencies  are  in  part  made  up  by  the  Sla- 
vonic and  Latin  increases  for  the  three  decades.  No 
less  striking  than  the  foregoing  is  the  decline  in  the 
increase  of  the  foreign-born  population  as  a  whole. 

701.15  Immigration  to  and  Emigration  from  the 
United  States  of  Aliens,  by  Classes :  Statistics  of  im- 
migration to  and  emigration  from  the  United  States 
of  aliens,  grouped  by  classes,  are  presented  by  table 
CDXLVIII,  for  the  years  1908  to  1912,  inclusive. 
These  statistics  are  based  upon  information  supplied 
by  the  records  of  the  Bureau  of  Immigration,  which, 
since  the  year  1908,  has  collected  statistics  of  the 
arrival  and  departure  of  aliens,  classifying  those  arriv- 
ing and  departing  as  immigrant  and  non-immigrant 
aliens. 


Arriving  aliens,  whose  permanent  residence  has  been 
outside  the  United  States  and  who  intend  to  reside 
permanently  in  the  United  States,  are  classed  as  immi- 
grant aliens.  Departing  aliens,  whose  jpermanent  resi- 
dence has  been  in  the  United  States  and  who  intend 
to  reside  permanently  elsewhere,  are  classed  as  emi- 
grant aliens. 

All  aliens,  residents  of  the  United  States,  making  a 
temporary  trip  abroad,  and  all  aliens,  residing  abroad, 
making  a  temporary  trip  to  the  United  States,  are 
classed  as  non-immigrant  aliens  on  the  inward  journey 
and  as  non-emigrant  aliens  on  the  outward  journey. 
Continuous  residence  for  one  year  or  more  is  considered 
as  permanent  residence  and  for  a  less  time  as  temporary, 
residence. 

A  disturbing  factor  is  introduced  into  the  statistics 
of  non-immigrant  aliens  because  a  certain  number 
of  immigrant  aliens  make  a  change  in  their  plans  by 
returning  to  their  native  homes  within  a  year  after 
arrival,  although  on  admission  to  the  United  States 
they  had  declared  the  intention  of  residing  permanently 
in  the  United  States.  Since  such  aliens  are  classed  as 
immigrant  aliens  on  their  arrival  and  as  non-emigrant 
aliens  on  their  departure,  it  is  evident  that  the  number 
of  non-emigrant  aliens  tends  always  to  be  larger  than 
the  number  of  non-immigrant  aliens. 

701.16  Immigration  to  and  Emigration  from  the 
United  States  of  Aliens,  by  Five- Year  Periods :  Sta- 
tistics of  immigration  to  and  emigration  from  the 
United  States  of  aliens,  by  five-year  periods  from 
1898  to  1912,  are  given  in  table  CDXLIX.  These 
statistics,  including  both  arrivals  and  departures  of 
aliens,  are  taken  from  the  records  of  the  Immigration 
Service  of  the  federal  government  and  cover  the  fiscal 


TABLE  CDXLVI.     COMPARATIVE  INCREASE  IN  NATIVE-BORN  AND  FOREIGN-BORN   POPULATION  OF  CHICAGO.   1850-1010 


Decade 

Total 
Increase 
in 
Population 

Per  Cent  of 
Increase 

Increase  in  Native-Born  Population 

Increase  in  Foreicn- 
Born  Population 

Total 

Per  Cent  of 
Total 
Increase  in 
Population 

Born  in 
Illinois 

Per  Cent  of 
Total 
Increase  in 
Population 

Born  in 
Other 

-• 

Per  Cent  of 
Total 
Increase  in 
Population 

Total 

Per  Cent  ol 

Total 

1 

2 

3 

4 

•. 

6 

7 

8 

9 

10 

11 

1850-1860 
1860-1870 
1870-1880 
1880-1890 
'1890-1900 
1900-1910 

79,885 
189,717 
204,21  W 
59fi,l>t>.~> 

.V.IS.71'.-. 
LSI;  7ii.s 

272.0 
173.1) 
68.3 
118.6 
54.4 
28  7 

>:•    .; 

99,784 
143,900 
350.868 
4B2.279 
280.302 

51.3 

a.  a 

70.5 
58  8 
77  2 
68.  7 

.W.S9K 
109,737 
238.702 
333.452 
247.613 

27.9 
31  6 
53  8 
40  0 
: 
50  9 

[S.tVK] 

39,886 
34.169 
112.156 
128,827 
42.778 

23  4 
21  0 

16  7 
18  8 
21.5 

8.8 

-   .1. 
,  ,   , 

60.302 
245.807 
130.440 
,     190.310 

48. 
47. 
29. 
41. 
..    - 
40. 

Totals              1   2.155,908 

I!    1.388.162 

64.4 

1.011.664 

46  9 

370,4*8 

17  5         i     707.740 

35  0 
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TABLE  CDXLVII.     INCREASE  IN  THE  FOREIGN-BORN  POPULATION  OP  CHICAGO.  GROUPED  BY  LEADING  RACE 

OR  COUNTRY  OP  BIRTH.  18*0-1910 


BM*. 

Population  in  1010 

Increase 
1900-1910 

1890M900 

1  
1880-1890 

Total 

Per  Ont  at 

!     • 

Howign- 
Born 

Total 

Per  Ont  of 
Increase 

Total 

NrOM    : 
locrsase 

Total 

Per  Oat  of 
Incr»a>» 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Slav                       

286.646 
198.080 
99.896 
65.260 
137323 

;  M8 
2.400 

•    •••• 
I  •  M 
12.75 
7.05 
17.53 
0.24 

g  . 

0.31 

>i 
—  18.619* 

-  i.  : 

M  no 

—  12.H42 
1.706 

!• 

-IJ01 

-,,  m 
—9.48 
4.31 
IT     7 
—  6  64 

•      -7 
.  . 

—0.90 

•ran 

47.07S 
19  178 
12401 

!'     I'.l 

IM 

624 
3,272 

.7    • 
.1    ... 
14.27 

..  n 

12  07 
0.11 
0.46 
2.40 

44,735 
90,073 
46,685 

t,eo8 

57,349 
11 
337 
885 

!•>    Jl 
...    .,7 
19.00 

n  ii 

0.01 
0.14 
0.35 

Latin           

Great  Britain,  Ireland  and  Colonies  

Colored  

All  other  

CM 

7-  1  I.- 

100.00 

;  •• 

-.    .-. 

1  i.    ii., 

109.68 

.•I--..., 

u  •.••. 

•  Minus  sign  ( — )  denotes  decrease. 

year  ending  June  30.  Prior  to  1908,  no  records  of  the 
departure  of  aliens  were  kept  by  the  national  govern- 
ment. 

The  statistics  of  departures  for  the  two  preceding 
five-year  periods  were  calculated  from  figures  supplied 
by  the  Trans-Atlantic  Passenger  Conference,  which 
show  the  number  of  arrivals  and  departures  of  steerage 
passengers,  including  both  aliens  and  citizens  of  the 
United  States  traveling  in  steerage.  These  statistics 
cover  the  calendar  years  from  1898  to  1902,  and  from 
1903  to  1907. 

In  accepting  the  statistics  of  the  Trans-Atlantic 
Passenger  Conference,  it  was  assumed  that  the  total 
arrivals  and  departures,  both  steerage  and  cabin, 
would  bear  about  the  same  ratio  to  one  another  as  did 
the  arrivals  and  departures  of  steerage  passengers, 
and  that  this  would  be  approximately  correct  for  all 
alien  passenger  traffic  outside  of  that  of  the  Trans- 
Atlantic  Passenger  Conference. 

The  statistics  for  the  period  1898  to  1902  refer  to 
aliens  arriving  or  departing  as  steerage  passengers 
only,  no  record  having  been  kept  by  the  federal  gov- 
ernment at  the  time. 

From  examination  of  table  CDXLIX,  it  appears  that 
there  is  an  increasing  tendency  on  the  part  of  the  foreign- 
born  to  return  to  the  country  of  their  nativity.  Of  the 
total  number  admitted  from  1898  to  1902,  30.44  per 
cent  left  the  United  States  and  the  remaining  69.56 
per  cent  constituted  the  net  increase  in  population  due 
to  immigration.  Of  those  admitted  from  1908  to  1912, 
51.41  per  cent  departed  again  and  the  remaining  48.59 
per  cent  settled  in  this  country. 

701.17    Length  of  Residence  in  the  United  States 


of  Emigrant  Aliens  who  Departed  during  the  Years 
1008  to  1912:  Statistics  of  length  of  residence  in  the 
United  States  of  emigrant  aliens  who  left  the  country 
during  the  years  1908  to  1912,  are  given  in  table  CDL. 

The  information  contained  in  table  CDL  has  been 
derived  from  the  records  of  the  Federal  Bureau  of 
Immigration.  For  a  certain  small  percentage  (about 
ten  per  cent)  of  all  emigrant  aliens,  the  length  ot 
dence  is,  for  one  reason  or  another,  not  apparent. 
Such  aliens  are  reported  by  the  Bureau  of  Immigration 
under  the  caption  "residence  unknown."  Then-fun-. 
this  class  of  aliens  has  been  distributed  proportionately 
to  the  three  groups  for  which  the  length  of  residence  is 
known,  in  order  that  a  more  accurate  basis  might  be 
provided  for  the  determination  of  the  percentage  which 
the  departures  during  each  of  the  three  periods  indi- 
cated bore  to  the  total  arrivals. 

From  these  figures,  it  will  be  observed  that  the 
departures  of  those  whose  length  of  residence  has  not 
exceeded  ten  years  bear  the  greatest  proportion  to  the 
total  arrivals. 

701.18  Aliens  who  on  Admittance  Declared  Illinois 
to  be  their  Destination,  and  in  Departing  Declared 
Illinois  to  have  been  their  Last  Permanent  Residence: 
Statistics  relating  to  aliens  who  declared  Illinois  their 
destination,  and  to  those  who  on  their  departure  de- 
clared Illinois  to  have  been  their  residence,  are  pre- 
sented in  table  CDLI. 

The  increase  in  the  ratio  of  total  departures  to  total 
arrivals,  as  shown  in  table  CDLI,  further  emphasizes 
the  tendency  of  foreign-born  persons  to  return  to  the 
land  of  their  birth. 


TABLE  CDXLVHI.     IMMIGRATION  TO  AND  EMIGRATION  PROM  THE  UNITED  STATES  OP  ALIENS,  BY  CLASSES.  1008-1911 


Year 

Immigration  into  the  United  States 

Total 
Emi- 
gration 

Emigration  from  the  United  Stale* 

Net  Increase  in 
Population 

Total 
Immi- 
gration 

Immigrant 
Aliens  Admitted 

Non-Immigrant 
Aliens  Admitted 

Emigrant  Aliens 
Who  Departed 

Non-Emigrant  Aliens 
Who  Departed 

Tola 

tm  >••  i.t 

of  Total 
Immi- 
gration 

Total 
Number 

Per  Cent 
of   Total 
Immi- 
gration 

Total 
Number 

Per  Cent 
of  Total 
Immi- 
gration 

Total 
Number 

Per  Ont 
of  Total 
Emi- 
gration 

Total 

Number 

Per  Ont 
of  Total 
Emi- 
gration 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

1908 
1909 
1910 
1911 
1912 

!»24,fi»5 
644,23 
1,198,037 
1,030,300 
1,017,155 

782,870 
751,786 
1,041,570 
878,587 
838,172 

84.66 

79  •  i 
si)  !I4 
85.27 
«    III 

141,825 
192,449 
156,467 
151,713 

I7S  "-.. 

15.34 

13.06 
14.73 

I7.WI 

714,828 
400.392 
380,418 
518.215 
615.292 

.'.:.'• 

225,802 
202.436 
295.666 
333.262 

55.27 

-.,.     |M 

53.21 
57.05 
54  16 

319.765 

i7i  HO 
177,982 
222,549 

44.73 
43.60 

!•     7'. 
1.'    M 

r.  -i 

209,867 
643,843 
817.619 
512,086 
401363 

.'-•   7M 
57  ,.., 

r.  ro 

39  61 

Totals 

5,114.422 

4.292.985 

83.94 

821.437 

16.06 

2.629,145  I!   1.452.239 

56.24 

1.17..'"». 

44.78 

2.485.277 

4-  :.-.. 
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701.19  Movement  of  Foreign-Born  Population  of 
Chicago  by  Decades  of  Arrival  in  the  United  States : 
Statistics  relating  to  the  movement  of  the  foreign-born 
population  of  Chicago,  from  1880  to  1910,  are  given  in 
tables  CDLII  to  CDLIV,  inclusive. 

According  to  table  CDL,  1.05  per  cent  of  all  for- 
eign-born departed  from  the  United  States  within  10 
to  20  years  after  arrival.  On  this  basis,  the  emigra- 
tion of  this  class  of  foreign-born  was  approximately 
1.448.  By  deducting  the  loss  through  death  and 
through  emigration,  the  number  of  this  class  of  foreign- 
born  living  in  Chicago  in  1910  was  121.667.  As  a 
matter  of  fact,  however,  the  census  of  1910  showed 
(table  CDLIII)  141,302  foreign-born  living  in  Chicago 
who  had  arrived  in  the  United  States  during  the  decade 
1890  to  1900.  It  is  evident  from  this  that  there  must 
have  been  a  net  increase  through  migration  to  the  city 
of  19,635  of  this  class  of  foreign-born  in  order  to  bring 
the  number  resident  in  the  city  in  1910  up  to  the  num- 
ber found  resident  there  at  the  time  of  the  census. 

In  view  of  the  loss  in  population  of  this  class  during 
the  decade  1900  to  1910,  of  23,174  through  emigration 
or  death,  the  net  result  for  the  decade  in  the  movement 
of  this  class  was  a  decrease  of  3,539. 


As  to  the  movement  of  foreign-born  who  arrived  in 
the  United  States  prior  to  1890,  it  is  known  that  442.27 1 
were  living  in  Chicago  in  1900.  The  minimum  age 
of  this  class  was  10  years  in  1900.  The  lews  by  death 
of  persons  less  than  10  years  of  age,  who  constitute 
22.2  per  cent  of  the  total  population  according  to  the 
mortality  statistics  published  by  the  United  States 
Census,  is  29.21  per  cent.  It  follows  that  the  death 
rate  for  foreign-born  over  10  years  of  age  is  somewhat 
below  the  average  rate  of  15  per  i.ooo  which  obtains 
for  the  population  of  all  ages.  This  rate  was,  however, 
applied  as  a  conservative  measure  of  deaths  among  this 
class. 

According  to  table  CDL,  0.33  per  cent  of  all  foreign- 
born  emigrate  after  a  residence  in  the  United  States 
of  over  20  years,  and  on  this  basis  1,415  foreign-born 
persons  of  this  class  emigrated  during  the  decade  1900 
to  1910. 

By  deducting  the  loss  through  death  and  emigration, 
the  number  of  this  class  of  foreign-born  living  in  Chi- 
cago in  1910  is  found  to  be  374,515.  But  the  census 
of  1910  shows  331,297  foreign-born  living  in  Chicago 
who  had  arrived  in  the  United  States  prior  to  1900. 
It  is  evident  from  this  thaf  there  must  have  been  a  net 


TABLE  CDXLIX.     IMMIGRATION  TO  AND  EMIGRATION  FROM  THE  UNITED  STATES  OP  ALIENS.  BY  FIVE-YEAR  PERIODS 

1898-1912 


Period 

Admitted 

Departed 

Net  Increase 
in  Population  Due 
to  Immigration 

Per  Cent  of 
Total  Number 
Admitted 

Total 

Per  Cent  of 
Total  Number 
Admitted 

1 

2 

3 

4 

5 

9 

1898-1902 
1898-1907 
1903-1907 
1903-1912 
1908-1912 

2,350,713 
7,699,785 
5.349,072 
10,463,494 
5.114,422 

715,571 
2,612,622 
1,897,051 
4,526,196 
2,629.145 

30.44 
33.93 
35.47 
43.26 
51.41 

1.635,142 
5,087,163 
3.452,021 
5,937,298 
2.485,277 

H   M 

7 

..i  n 

-...   71 
48.80 

Totals 

12,814,207 

5,241,767 

40.91 

7,572,440 

60.09 

TABLE  CDL.     LENGTH  OP  RESIDENCE  IN  THE  UNITED  STATES  OF  EMIGRANT  ALIENS  WHO  DEPARTED  DURING  THE  YEARS 

1908-1912 


Year 

Total 
Arrivals 

Total 
Departures 

Residence  Not 
Over  Ten  Years 

Residence  of  from 
Ten  to  Twenty  Years 

Residence  Over 
Twenty  Yean 

Total 
Departures 

Per  Cent  of 
Total  Arrivals 

Total 

Departures 

Per  Cent  of 
Total  Arrivals 

Total 
Departure* 

Per  Cent  of 

Total  Arrivals 

1 

2 

3 

4 

5 

0 

7 

8 

9 

1908 
I'.ni'.i 
1910 
1911 
1912 

782,870 
751,786 
1,041,570 
878,587 
838.172 

395,073 
225,802 
202,436 
295,666 
333,262 

383.SW 

215,472 
192,499 
283,714 
317,989 

48.99 

18.48 
•  32.29 
37.94 

8.899 
7,706 

7.110 
s.'.xir. 
11,976 

1.14 
1.03 
0.71 
1.01 
1.43 

_•>.-.- 
.••..•i 
1  i  .; 
3.047 
3,297 

0.34 
0.35 
0.24 
0.35 
0  30 

Totals 

4,292,985 

1,452,230 

1.393,190 

81.45 

14.920 

l.OS 

14.123 

0.83 

TABLE  CDLI. 


LENGTH  OF  RESIDENCE  IN  ILLINOIS  OF  EMIGRANT  ALIENS  WHO  DEPARTED  DURING  THE  YEARS 

1900-1912 


Year 

Aliens  who  on  Admittance  Declared 
Illinois  to  be  their  Destination 

Aliens  who  in  Departing  Declared  Illinois 
to  have  been  their  Last  Permanent  Residence 

Immigrant 

AllfUH 

Non-Immigrant 
Aliens 

Total 
Arrivals  in 
Illinois 

Emigrant 
Aliens 

Non-Emigrant 
Aliens 

Total 
Departures 
from    Illinois 

PerCmtof 
Total  Arrivals 
10  Illinois 

1 

2 

3 

4 

5 

« 

7 

8 

1909 
1910 
1911 
1912 

63,379 
93,340 
76,565 
67.118 

9,797 
6,457 
5,733 
5,919 

73.176 
99.797 
82.298 
73,037 

i  MS/i 
13,165 
21,157 
28.355 

ISI 

8,974 
11,796 

•  .  •  : 
20.120 

30,131 

40.151 

.'•     • 
30.  2 
3«  8 
55  0 

Total* 

300,402 

27.900 

328.308 

77.162 

32.911 

110.073 

33  5 

io8o        SMOKE  ABATEMENT  AND  ELECTRIFICATION  IN  CHICAGO 


decrease  through  migration  from  the  city  of  43,218 
of  this  class  of  foreign  born. 

The  total  decrease  in  foreign-born  who  had  arrived 
in  the  United  States  prior  to  1890  was  110,974. 

A  certain  percentage  of  the  foreign-born  did  not 
report  to  the  Census  Bureau  the  decade  of  their  arrival 
in  the  United  States.  These  are  classified  in  table 
CDLIII  under  "Date  of  arrival  unknown."  In  order 
that  the  total  foreign-born  population  living  in  Chicago 
in  each  census  year  might  be  accounted  for,  the  number 
of  those  whose  date  of  arrival  was  unknown  was  pro- 
rated among  the  several  groups  whose  arrival  was 
known,  the  grand  total  for  each  group  also  being  pres- 
ented in  table  CDLIII. 

701.20  Movement  of  Immigrants  who  Arrived  in 
Illinois  and  in  Chicago,  1890  to  1910:  The  statistics 
relating  to  immigration  to  Illinois,  as  presented  in 
table  CDLIV,  were  taken  from  the  annual  reports  of  the 
Federal  Bureau  of  Immigration,  which  requires  immi- 
grants to  name  the  state  of  intended  future  residence. 
The  accuracy  of  these  figures  has  at  times  been  ques- 
tioned, because  of  the  apparent  lack  of  relationship 
between  the  number  of  immigrants  declaring  their 
intention  of  future  residence  in  a  particular  state  and 
the  actual  increase  in  foreign-born  in  that  state  as 
shown  by  the  census.  The  totals  here  presented,  how- 


ever, apparently  establish  the  approximate  accuracy 
of  the  immigration  statistics. 

In  pro-rating  the  total  immigration  to  Illinois 
between  Chicago  and  the  rest  of  the  state  for  each 
decade,  the  relative  increase  in  foreign-born  for  each 
geographical  area  was  taken  as  a  measure.  As  shown 
by  table  CDXLV,  this  increase  was  82.29  per  cent 
for  Chicago  and  17.71  per  cent  for  Illinois  exclusive  of 
Chicago,  during  the  decade  1900  to  1910.  As  shown 
by  the  same  table,  the  state  of  Illinois  exclusive  of 
Chicago,  during  the  decade  1800  to  1900,  suffered  a 
net  loss  in  foreign-born  of  9.68  per  cent  or  12,046. 
Had  there  been  no  immigration  to  this  area  during 
this  decade,  the  total  loss  from  death  alone,  on  the 
basis  of  15  per  1,000,  would  have  been  57,849.  It  is 
evident,  therefore,  that  at  least  45,803  foreign-born 
settled  in  this  area  during  the  decade. 

The  number  of  immigrants  who  located  in  Chicago, 
and  later  in  the  decade  returned  to  a  foreign  coun- 
try, was  estimated  from  information  as  to  the  total 
arrivals  and  departures  of  immigrants  contniix ••!  in 
the  annual  reports  of  the  Federal  Immigration  Service. 
The  statistics  (tables  CDXLIX  to  CDLI)  do  not  cover 
an  entire  decade,  as  a  record  of  departures  of  aliens 
was  not  kept  prior  to  the  year  1908.  The  depart- 
ures for  earlier  years  have,  however,  been  closely 


TABLE  CDLII.     MOVEMENT  OF  FOREIGN-BORN  POPULATION  OP  CHICAGO.  BY  DECADES  OP  ARRIVAL  IN   THE   UNITED   STATES 

1901-1910  . 


Derade  of 

Inc 

reaie  in  Fim-icn-l 

>orn 

-    •• 

'iirrign-Borii 

Net 

Arrival 
in  the  United 

||    •, 

Total 

Increase 

Iti.-rrase 
Due  to 
Imniicration 

Inrraue 
to 

Mi  am  ii..  n 

Toul 
Decnwe 

Darraan 
Due  to 

Emigration 

Dorreaae 

l)u 

MI«THII...I 

Decrease 
Du. 

!'.    ,;• 

lix  raaw 
or 

DMMM 

1 

3 

3 

4 

ft 

• 

7 

8 

9 

Prior  to  1880 

1  10,974 

Mi: 

43.218 

•  •     i'. 

—  110,974* 

IBM    i  

ifl  ..  .  . 

. 

.  ; 

1.448 

-•  1  .726 

—3,539 

1900-1910 

587,768 

••7,768 

236,939 

i  ,  .  r: 

.1.1 

310.830 

TouU 

587.4M 

W7.768 

•     s; 

187.388 

88.880 

116310 

196.316 

*  Minus  sign  (— )  denotes  decrease. 


TABLE  CDLIII.     FOREIGN-BORN  POPULATION  OP  CHICAGO,  BY  DECADES  OF  ARRIVAL  IN  THE  UNITED  STATES.  1880-1910 


Derade  of 
Arrival  in 
United  State* 

Census  Year 

Population  after  Proportional  Distribution  of  the  Clam  of  Unknown 

1910                                  1900 

1910 

Per  Cent  of  Total 
Population 

1900 

IVr  (Vnt  of  Total 
Population 

1 

2 

3 

* 

ft 

6 

7 

Date  unknown 
Prior  to  1880 
1880-1890 
1890-1900 
Prior  to  1900 
1900-1910 

49.410 

..     ... 
177,389 
227.148 
132,483 

is  04 
a  H 

39.87 

u.iA 

a  n 

24.67 

IUM 

248,337 
144,841 

132.389 
310,401 
291.228 

141.302 

33i,  an 

310.839 

l'"t"l                             783.428 

587,112 

783.428 

100.00 

687,112 

100.00 

TABLE  CDLIV.     MOVEMENT  OF  IMMIGRANTS  WHO  ARRIVED  IN  ILLINOIS  AND  IN  CHICAGO,  BY  DECADES  OF  ARRIVAL  IN 

THE  UNITED  STATES.   1800-1910 


Decade  of 
Arrival  in 
United  States 

Immigration  to  Illinoii 

Movement  of  Immigrant*  Who  Located  in  Chicago 

.  Total 

To 
Chicago 

To  Illinois 
Exclusive 
of    Chicago 

Total 

Number  who 
Departed 
from  the 
United 

States 

Number 
who 
Died 

Number  who 
Migrated 
from 
Chicago 

Number  who 
were  Living 
in  Chicago 
at  Close  of 
Decade 

1 

2 

3 

t 

5 

6 

7 

8 

9 

1890-1900 
1900-1910 

268.302 
692.400 

210.885 
867,768 

57,417 
124,632 

210.885 
567.768 

43,231 
184.625 

12.495 
28,74) 

|n,:ils 
43,671 

144.841 
310.829 
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TABLE  CDLV.     INCREASE  IN  POPULATION  OP  CHICAGO.  BY  SOU 


INCREASE,  1850-1910 


1  Vrade 

I 

1S.V)     ISIill 

1SC.II    1S7II 
1870-1880 
ISM  >   is:  in 
188O-1900 
1900-l!il(l 

Total 
Increaac 
in 
Population 

1  in  n- 

Due  to 

KXCMS  of 

I-..--!, 

ewer 
Deaths 

4 

7.971 
23,474 
40,124 

rn  Km 

160,64)7 
223.321 

539.963 

Total 
Increase 

3 

70,888 

189,717 
204,208 
096,605 
898,725 
486,708 

8 

40,943 

(HI.7S-I 

14S,90H 

.    380,858 
462.279 
290.392 

Totals 

2,155,908 

1.388.  1  IU 

•  in  Slum 

1)110  to 

From 
other 

• 

6 

18,081 

•M.mt 

I12.1M 
138337 

42.779 

171    IIIN 

•Born 
Migration 

From  "tliT 
Paruof 

llll.M,,.- 

D<w  to 
Annexation 

Tool 
IDOKMI 

loereiw"  i 

l>u«  la 
Immigration 

• 

t 

H^HVU 

•   t 

I47.A32 

1  1"  -..••• 
9W.OAH 

1 

>  Ponten-Rof 

I>IMlO 

Murrauoo 

• 
Dm  to 

' 

6 

11.  .".'i 
32.i>s.i 
Kt.l'.l  l 

I'.I.H-M 

leu.oia 

i  g  • 

:si:i,313 

7 

8 

•  I2t 
wi.»:w 
M)..Knt 
248.SO7 
JWl.ll'. 
IM, 

T.,7.748 

to 

II 

—  IO.QOZ: 

—  B7J.-M2 
1 

4.341 

4JM4 

111.278 
12.772 

M.17A 

108.388 

ion. 

*  The  migration  from  other  states,  including  as  it  does  migration  from  outlying  possessions,  is  to  that  extent  less  than  the  actual  migration,  and  thus 

augments  the  migration  figures  given  under  this  caption. 

t  No  data  available  for  segregation  of  total  as  to  increase  due  to  immigration  and  to  migration.  . 

t  Migration  of  foreign-born  who  arrived  during  the  decade  1890-1900.     The  total  migration  is  not  known. 
1  No  complete  data  available. 


approximated  by  the  use  of  statistics  furnished  by 
the  Trans-Atlantic  Passenger  Conference,  as  explained 
in  connection  with  table  CDLI. 

Table  CDLI  shows  that  a  number  equal  to  33.5  per 
cent  of  the  total  number  of  aliens,  both  immigrant 
and  non-immigrant,  who  came  to  Illinois  during  the 
years  1909  to  1912,  inclusive,  departed  from  the  United 
States  during  that  period.  Not  all  of  those  who  de- 
parted had,  however,  arrived  during  the  years  1909 
to  1912.  Table  CDL  shows  that  32.45  per  cent  of  all 
immigrant  aliens  who  arrived  in  the  country  departed 
within  the  first  decade  after  arrival.  This  percentage 
applies  to  emigration  for  the  entire  country.  No 
statistics  by  states  are  kept  which  show  the  length  of 
residence  of  aliens  departing  from  the  United  States. 
From  table  CDXLVIII,  it.  is  evident  that  non-emi- 
grant aliens  constituted  44.76  per  cent  of  the  total 
emigration  during  the  years  1908  to  1912. 

Taking  all  the  foregoing  facts  into  consideration, 
it  would  seem  that  32.45  per  cent,  which  represents 
the  relation  of  emigrant  to  immigrant  aliens  for  the 
whole  country  and  is  the  only  definite  figure  available, 
may  be  taken  as  the  average  relationship  between  the 
total  number  of  departures  and  the  total  number  of 
arrivals  of  aliens  in  the  state  of  Illinois  during  a  given 
decade.  This  percentage  is  used  in  table  CDLIV  in 
determining  the  number  of  those  aliens  who  arrived 
in  Chicago  during  the  decade  and  who  left  the  United 
States  within  that  decade. 

701.21  Increase  in  Population  of  Chicago,  by 
Sources  of  Increase:  Statistics  of  increase  in  the 


population  of  Chicago,  by  decades  and  by  sources  of 
increase,  are  presented  in  table  CDLV. 

The  statistics  given  in  table  CDLV  are  constructed 
in  part  from  details  taken  from  the  foregoing  tables. 
The  excess  of  births  over  deaths  was  calculated  on  the 
basis  of  11.5  per  1,000,  the  birth  rate  being  taken  as 
26.5  and  the  death  rate  as  15  per  1,000.  The  rates 
are  regarded  as  conservative  when  compared  with  the 
rates  of  such  cities  as  Boston  and' New  York.  The 
birth  rate  assumed  is  probably  slightly  below,  and  the 
death  rate  slightly  above,  the  actual  rates  for  Chicago. 
In  calculating  the  increase  through  natural  causes  by 
use  of  the  factor  11.5,  the  average  population  for  the 
decade  was  taken  as  a  basis. 

The  segregation  of  the  population  annexed  to  the 
city,  into  native-born  and  foreign-born,  was  made  on 
the  basis  of  the  rates  which  these  two  classes  in  the 
population  of  Chicago  bore  to  one  another  in  the  census 
year  nearest  to  the  year  of  annexation.  The  total 
population  annexed  during  each  decade  was  deter- 
mined as  indicated  in  the  statement  of  annexations 
(section  701.01).. 

The  increase  to  Chicago  through  the  migration  of 
persons  born  in  other  states  was  derived  as  shown  in 
tables  CDXXX  and  CDXLVI.  The  increase  through 
migration  of  persons  born  in  Illinois  was  determined  by 
deducting  from  the  total  increase  in  the  population 
of  Chicago  born  in  Illinois,  as  shown  in  table  CDXLVI, 
the  increase  within  the  city  due  to  natural  causes. 

The  data  on  the  sources  of  increase  of  foreign-born 
are  complete  for  the  decades  1890  to  1900  and  1900  to 


TABLE  CDLVI.     PERCENTAGE  OF  TOTAL  INCREASE  IN  POPULATION  OF  CHICAGO  DUE  TO  VARIOUS  CAUSES.  1850-1910 


Native-Bora                                                                                       Foreign-Born 

Migration 

Decade 

Total 
Increase 

Total 

Excess  of 
Births 

From 

From   other 

Annexation 

Total 

1  in  mi  Knit  11  HI 

Migration 

Annexation 

over                   other 

Parts  of 

Deaths 

-i  ,., 

Illinois 

1 

2 

3 

4 

8 

6 

7 

8 

9 

1850-1860 
1860-1870 

271.95 
173.64 

.-,1  .-:, 
52.60 

9.98 
12.37 

23.38 
21.03 

17    SSI 

16.91 

48  75 
2.29                47.40 

• 

45.26 

• 
• 

2  \4 

1870-1880 
1880-1890 
1890-1900 

I'lim  nun 

68.30 
118.58 
54.44 

J->    I,:, 

70.47 
58.80 

77.21 

:,'i  r.r, 

22.59 
13.14 
26.83 
45.88 

16.73 
18.79 
21.52 
8.79 

31.15 
3.19 
26.73 
4  99 

29  .  M 
23.BS               41.20 
2.13              a  :  • 
40.34 

24  .  74' 
-M  47 
54.17 

• 

—  1  831 
—13.88 

16.40 
1.18 

Totals 

100.00 

64.39 

25.05 

17.46 

14.53 

7.35              38.61 

J 

t 

- 

•  No  data  available  for  segregation  of  total  as  to  increase  due  to  immigration  and  migration. 

t  Statistics  limited  to  the  migration  of  foreign-born  who  arrived  during  the  decade  1890-1000.     Tie  total  migration  a 

t  No  complete  data  available. 
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TABLE  CDLVII.     INCREASES  IN  POPULATION  OP  CHICAGO,  CLASSIFIED  BY  SOURCES  OP  INCREASE.  1850-1910 


Total 

Increai 

<e  Due  to 

Decade 

csc  in 
Population 

Natural 

Immigration  and 

Migration  of 

Annexation 

Catue* 

Fomcn-Born 

Native-Boro 

Total 

Native-Bora 

Foraicn-Boni 

1 

2 

3 

4 

6 

6 

7 

8 

1850-1860 

79  885 

7971 

38,942 

•  ••: 

IBM  am 

189.717 
204  208 

23.474 
46  124 

85.869 
60,302 

:;   ••  • 
97,782 

8.405 

4.341 

4.064 

1880-1890 
1890-1900 
1900-1910 

,...:..., 

598.725 
486.708 

78.406 
160.667 
323.811 

147,632 
129,563 
196.316 

1.11.177 
288,840 
67,071 

239.450 

]••.•  I  • 

.      141.275 

12.772 

98.1 
6.883 

Total* 

-M  - 

539,963 

658.624 

689411 

2«7.610 

158,388 

109.122 

1910  only.  No  information  is  available  for  other 
decades,  on  the  basis  of  which  a  segregation  can  be  made 
of  the  total  increase  into  that  due  to  immigration  and 
that  due  to  migration  of  foreign-bora. 

701.22  Percentage  of  Total  Increase  in  Population 
of  Chicago,   Due   to  Various   Causes:    The  various 
percentage  relations  of  the  numbers  appearing  in  table 
CDLV  are  shown  in  table  CDLVI. 

The  changes  in  the  proportion  of  native-born  and 
foreign-born  to  these  total  increases  have  already 
been  discussed.  The  former  constituted  51.25  per 
cent  of  the  total  increase  in  the  first  decade  and  59.66 
per  cent  in  the  final  decade,  while  the  foreign-born 
represented  48.75  per  cent  in  the  first  and  40.34  per 
cent  in  the  last  decade. 

In  the  analysis  of  the  increases  of  the  native-born 
of  Chicago  for  the  past  six  decades,  the  excess  of  births 
over  deaths  was  25.05  per  cent;  the  excess  due  to 
migration  from  other  parts  of  Illinois,  14.53  P61"  cent; 
while  the  other  7.35  per  cent  was  due  to  annexation. 

701.23  Increase  in  Population  of  Chicago,  Clas- 


sified by  Sources  of  Increase:  The  increases  in 
the  population  of  Chicago,  classified  by  sources  of 
increase,  are  shown  by  table  CDLVII. 

Disregarding  the  effect  of  annexations  in  connection 
with  the  growth  of  Chicago's  population,  the  princi- 
pal source  of  increase,  at  least  in  the  later  decades, 
appears  to  be  that  arising  from  natural  causes.  This 
factor  formed  9.98  per  cent  of  the  total  increase  in  the 
opening  decade  and  45.88  per  cent  in  the  closing  one. 

From  1850  to  1860,  the  immigration  and  migration 
of  foreign-born  were  responsible  for  a  net  increase  of 
48.75  per  cent  of  the  total  increase,  while  from  1900  to 
1910,  the  result  of  the  movement  was  a  net  increase  of 
40.34  per  cent  of  the  total. 

The  net  effect  of  the  migration  of  native-born  persons 
from  1850  to  1860  was  the  addition  of  41.27  per  cent 
of  the  total  increase;  from  1890  to  1900,  this  move- 
ment represented  an  addition  of  48.25  per  cent  of  the 
whole,  while  from  1900  to  1910,  the  increase  was 
13.78  per  cent  of  the  total.  The  large  addition  from 
1890  to  1900  was  greatly  influenced  by  the  World's 
Fair  of  1893. 


ESTIMATES  OF  FUTURE  GROWTH  IN  THE  POPULATION  OF  CHICAGO 


701.24  Estimated  Increase  in  the  Future  Popu- 
lation of  Chicago,  Classified  by  Sources  of  Increase: 

An  estimate  of  the  future  increase  in  population  of 
Chicago,  classified  by  sources  of  increase  and  cover- 
ing the  decades  1910  to  1950,  is  presented  in  table 
CDLVIII.  It  may  be  assumed  that  the  increase  in 
the  population  of  Chicago  in  the  future,  due  to  the 
migration  of  native-born  from  other  states  as  well  as 
from  other  parts  of  Illinois,  will  be  considerably  less 
than  it  has  been  in  the  past.  Various  positive  influ- 
ences are  also  at  work  which  increase  the  stream  of 
the  rural  movement  and  to  a  very  marked  extent 
offset  the  urban  movement. 

For  these  reasons  the  average  increase  due  to  migra- 
tion from  other  states  has  been  estimated  at  30,000 
for  each  decade,  and  that  due  to  migration  from  other 
parts  of  Illinois  at  85,000  for  the  decade  1910  to  1920, 
with  a  subsequent  gradual  decrease  of  5,000  per  decade 
for  the  succeeding  decades. 

Immigration,  as  a  factor  in  the  increase  of  the  P9pu- 
lation  of  Chicago,  will  very  probably  also  be  a  decreas- 
ing one,  a  fact  due  partly  to  the  enactment  of  more 
stringent  immigration  laws  by  the  United  States,  to 
the  increase  in  the  proportion  of  immigrants  who  lo- 
cate in  smaller  cities  and  rural  communities,  and  to  the 
demand  for  industrial  labor  due  to  the  establishment 
of  large  manufacturing  concerns  in  outlying  regions. 


For  these  and  other  reasons,  an  estimated  decrease 
of  25,000  per  decade  in  the  net  increase  due  to  the  im- 
migration and  migration  of  foreign-born  has  been  made. 

Table  CDLVIII  has  been  made  up  in  two  separate 
parts,  each  in  accordance  with  a  different  theory  in  re- 
gard to  the  birth  rate.  The  upper  portion  of  the  state- 
ment has  been  developed  with  birth  rate  and  death  rate 
both  decreasing,  while  the  lower  one,  giving  somewhat 
higher  results  in  the  total  future  population,  depends 
upon  a  fixed  birth  rate  in  conjunction  with  a  decreasing 
death  rate. 

Natural  causes,  or  the  excess  of  births  over  deaths, 
contributed  one-fourth  of  the  total  increase  in  the  pop- 
ulation of  Chicago  during  the  60  years,  1850  to  1910. 

A  death  rate  of  1 5  per  i  ,000  of  Chicago's  population 
for  the  decade  1910  to  1920  is  low.  It  is  probable,  in 
view  of  the  world-wide  downward  tendency  of  the 
birth  rate,  that  the  rate  for  Chicago  will  drop  steadily 
during  the  years  for  which  an  estimate  of  population 
has  been  made.  While  no  sufficiently  complete  system 
of  registration  of  births  has  heretofore  been  in  operation 
in  Chicago  to  permit  of  the  determination  of  a  birth 
rate  for  the  city,  it  is  evident  from  the  birth  rates  deter- 
mined by  cities  and  states  having  adequate  registration 
of  births  that  the  rate  for  Chicago  in  1913  must  have 
been  about  26.5. 

The  resultant  rates  used  in  determining  the  natural 
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TABLE  CDLVIII.    ESTIMATED  INCREASE  IN  FUTURE  POPULATION  OP  CHICAGO.  CLASSIKIBD  BY  SOURCES  OP  INCREASE 

1510-1950 


1.  Decreasing  Birth  Rat*  and  Dcorsasing  Death  !Ut« 


Decade 

Total 
Estimated 
Population 
at  Close 
of  Decade 

•Minuted  Inrntase 
in  Total  Population 

Kstimatsd  Inrreass  la  Nativv-Born 

K«timat~l 

Immigrate. 

.     ' 

Total 
Estimated 
IncreaH 

Per  Cent 

.      •' 
Incnaie 

Total 
EntimaUd 
IncraaM 

Due  to 
Natural 
•    CauM 

DIM  to  Migration 

1      , 
•    •• 

Prom 
Otherl'.ru 

:      i 

1 

2 

8 

4 

6 

e 

7 

S 

• 

1'iKI    11IJD 

HiL'<»-193Q 
1030-1040 

I'llO    I'l.MI 

2,715.608 
3,246.340 
3,760.009 
4,267.803 

630.325 
530,732 
520.M0 
500.884 

.-;   a 

If  .1 

1C.    "i 

1  :    K) 

380,732 
305.580 

|,,,.    ,-,| 

240.336 
270.732 
280.508 

og  SM 

10.000 
30,000 
30.000 

nci 

-  , 

•0,000 

1    

711.000 

150.000 
125.000 
IOO.UJO 

Totals 

2.082..-,L'I) 

543,151 
570,053 
610,580 
667.342 

86.80 

2.  Fixed  Birth 

24.85 
21.22 
18.73 
16.88 

1,683 

1.11)2.520 

i  -..11.000 

310,000 

17/1.000 
150.000 
125.000 

.     .. 

Rate  and  Decreasing  Death  Rate 

85.000- 
80.000 

;     .-  •  • 

7  ..... 

nim-1920 

1920-1030 
1930-1940 

Mill)    P.I.-.D 

2,728.434 
3,307,487 
3,927,076 
4.504.418 

368.151 
420.053 
494.6W 

•  :.    i- 

253  151 
318.053 

487.342 

30.000 
30.000 
30.000 

.-10,000 

[•otaJi 

2,40!> 

110.34 

1369.138 

uu 

110,000 

:i  10.000 

600.000 

TABLE  CDLIX.     DECREASING  BIRTH  RATE  AND  DECREASING 
DEATH  RATE  PER  i.ooo  OP  POPULATION 


TABLE  CDLX.     FIXED  BIRTH  RATE  AND  DECREASING  DEATH 
RATE  PER  i.ooo  OP  POPULATION 


Decade 

Birth  Rate 

Death  Rate 

Resultant 

1 

2 

8 

4 

1810-1920 
1920-1930 
1930-1940 
1940-1950 

I'l    Ml 

23.80 
22.80 
21.80 

14.87 
14.70 
14.50 
14.30 

•i  H 
9.10 
8.30 
7.50 

Decade 

Birth  Rat* 

Death  Rate 

Resultant 

1 

2 

S 

4 

1810-1820 
1920-1930 
1930-1940 
1940-1950 

25.30 
U    " 
U      • 
25.30 

14.87 
14.70 
14.50 
14.30 

10  33 

10  80 
11.00 

increase  in  population,  as  shown  in  the  upper  natural  increase  in  population,  as  shown  in  the 
part  of  table  CDLVIII,  are  given  in  table  CDLIX,  lower  part  of  table  CDLVIII,  are  given  in  table 
and  the  resultant  rates  used  in  determining  the  CDLX. 


CHANGES   IN    POPULATION   OF   CHICAGO,  NEW  YORK,   BOSTON    AND    PHILADELPHIA, 

AND  OF  THEIR  ADJACENT  TERRITORY 


701.25  Increases  in  Population  of  Chicago  and  of 
its  Industrial  Zone  (Embracing  the  Counties  within  a 
Radius  of  50  Miles):  The  numerical  and  percentage 
changes  in  the  population  of  Chicago  and  of  its  out- 
lying industrial  zone,  embracing  the  counties  within  a 
radius  of  50  miles  of  the  city,  are  shown,  by  decades, 
from  1860  to  1910  in  table  CDLXI.  A  comparative 
statement,  covering  the  same  period,  of  the  changes  in 
population  of  the  Illinois  and  Indiana  counties  within 
this  zone  is  presented  as  table  CDLXII.  A  graphic 
presentation  of  these  changes  is  given  in  fig.  703. 

The  marked  decline,  after  1890,  in  the  decennial  rates 


of  increase  in  the  total  population,  was  due  to  the  fact 
that  the  rate  of  increase  of  the  city,  which  contributed 
so  largely  to  the  whole,  was  itself  decreasing  rapidly, 
while  the  rate  of  increase  in  the  population  of  the  zone 
outside  the  city,  though  advancing,  was  not  sufficient 
to  prevent  the  general  decline  in  the  rate. 

The  relatively  low  numerical  increase  from  1880 
to  1890  in  the  zone  outside  the  city  was  largely  due 
to  annexation  by  the  city.  Notwithstanding  this,  the 
rural  districts  alone  contributed  5.30  per  cent  of  the 
total  net  gain  added  to  the  population  of  the  district 
by  the  zone  outside  the  city  during  the  50  years. 


TABLE  CDLXI.    INCREASES  IN  POPULATION  OF  CHICAGO  AND  OP  THE  INDUSTRIAL  ZONE  OUTSIDE  OF  CHICAGO 

1860-1010 


Increase  in  Total 
Population  of  Zone 

Increase  in  the 
Population  of  the 
City  of  Chicago 

Increase  in  the  Population  of  the  Industrial  Zone 
Outside  of  the  City  of  Chicago 

bum 

uein 

Increase  in 

Cities  and  Village. 

Rural  District* 

Decade 

Per  Cent  of 

Per  Cent  of 

Per  Cent  of 

Total 

Increase 

Total 

: 

Total 
Increase 

Per  Cent  of         Total 
Increase           Increase 

Per  Cent  of 
Increase 

Increase 

in  Total 
Population 

Total 
Increase 

Increase 
Outside  of 
the  City  of 

Total 
Increase 

Increase 
Outside  of 
the  City  of 

Chicago 

Chicago 

1 

2 

3 

4 

6 

0 

7 

8 

• 

10                    11 

1860-1870 
1870-1880 
1880-1890 
1890-1900 
1900-1910 

257,937            75.7              189,717 
290.852             48.6               204,208 
640720            72.0              696,665 
722,825             47.2               508.725 
674.307             2S  0               486.708 

173.6 
68.3 
118  6 
54.4 
28.7 

08.220 
86,644 
14.061 
124,100 
187.689 

26.45 

,    H 
17.17 
27  83 

10,166 
96,676 

70.135 
123.240 
186.428 

26.63 
,,s    « 
158  20 
N 
98.33 

i 

•w 

—20.080' 

- 
l.-i.I 

' 
1.12 
—69  30 

- 

Totals                     2,586,731            759.4              l!.07ii.O-_M            19OO   1              510.708 

19.74 

483.644 

04  70                27.0*4 

i  3O 

'  Minus  sign  ( — )  denotes  decrease. 
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FIG.  703.    CHANGES  IN  URBAN  AND  RURAL  POPULATION  OF  ILLINOIS  AND  INDIANA  COUNTIES 

WITHIN  50  MILES  OF  CHICAGO,  1860-1910 

*  Includes  all  population  outside  of  incorporated  cities  and  villages. 
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701.26  Increases  in  the  Population  of  New  York 
and  of  its  Industrial  Zone  (Embracing  the  Counties 
within  a  Radius  of  50  Miles):    The  numerical  and 
percentage  changes  in  the  population  of  New  York  and 
of  its  outlying  industrial  zone,  embracing  the  coun- 
ties within  a  radius  of  50  miles  of  the  city,  are  shown 
by  decades  from   1860  to  1910  in  table  CDLXIII. 
The  statistical  record  of  population  changes  in  this 
zone  is  given  in  table  CDLXIV.    A  graphic  presenta- 
tion of  the  changes  in  the  population  and  area  of  the 
city  of  New  York  alone  is  shown  as  fig.  704. 

A  study  of  the  statistics  here  presented  shows  that 
the  decennial  percentage  increases  advance  through- 
out almost  the  whole  period,  being  respectively  28.3, 
26.2,  29.8,  34.4  and  37.8  per  cent.  Aside  from  the 
large  artificial  increase  from  1890  to  1900,  due  to  the 
annexation  of  additional  area,  the  city  itself  also  made 
substantial  gains  in  its  decennial  percentage  increases 
of  population,  though  these  were  offset  somewhat  in 
the  general  result  by  declining  increases  in  the  zone 
outside  the  city.  The  latter  was,  however,  affected 
by  the  inclusion  within  the  corporate  limits  of  the  city 
of  some  of  its  area. 

701.27  Increases    hi    the    Population   of   Boston 
and  of  its  Industrial  Zone  (Embracing  the  Counties 
within  a  Radius  of  50  Miles):    The  numerical  and 
percentage  changes  in  the  population  of  Boston  and 
of  its  outlying  industrial  zone,  embracing  the  coun- 
ties within  a  radius  of  50  miles  of  the  city,  are  shown 
by  decades  from  1860  to  1910  in  table  CDLXV.    The 
statistical  record  of  population  changes  in  this  zone 
is  given  in  table  CDLXVI.     A  graphic  presentation  of 
the  changes  in  population  and  area  of  the  city  of 
Boston  alone  is  shown  as  fig.  705. 

A  study  of  the  statistics  here  presented  shows  a 
decline  after  the  decade  1880  to  1890  in  the  decennial 
increases  in  the  total  population,  due  chiefly  to  the 
fact  that  the  rate  of  increase  in  the  population  of  the 
city  lessened  while  that  in  the  population  of  the  zone 
outside  the  city  remained  practically  uniform  through- 
out the  whole  period. 

The  increases  in  the  zone  outside  the  city  show  a 
remarkable  growth  in  three  of  the  decades  for  the 
cities  and  villages,  with  actual  decreases  in  the  popu- 
lation of  the  rural  districts,  the  latter  showing  a  net 
decrease  of  2.03  per  cent  for  the  50  years. 

The  numerical  increases  in  the  total  population  are 


especially  noteworthy,  varying  from  240,381  in  the 
earliest  decade  to  611,731  in  the  latest  decade. 

701.28  Increases  in  the  Population  of  Philadelphia 
and  of  its  Industrial  Zone  (Embracing  the  Counties 
within  a  Radius  of  50  Miles;:    The  numerical  and 
percentage  changes  in  the  population  of  Philadelphia 
and  of  its  outlying  industrial  zone  are  embracing  the 
counties  within  a  radius  of  50  miles  of  the  city,  are 
shown  by  decades  from  1860  to  1910  in  table  CDLXVI  I. 
The  statistical  record  of  population  changes  in   this 
zone  is  given  in  table  CDLXXIII.    A  graphic  pre- 
sentation of  the  changes  in  population  and  area  of  the 
city  of  Philadelphia  alone  is  shown  as  fig.  706. 

A  study  of  the  statistics  here  presented  shows  that 
the  decennial  percentage  increases  in  the  total  popu- 
lation are  remarkably  even,  ranging  from  16.8  per  cent 
from  1860  to  1870,  to  19.6  per  cent  from  1900  to  1910. 
From  the  decade  1870  to  1880  the  city's  rate  of  in- 
crease declined,  while  the  increases  of  the  zone  outside 
of  the  city  showed  an  upward  tendency. 

The  numerical  increases  in  the  total  population 
advanced  from  255,464  in  the  first  decade  to  588,042 
in  the  latest  decade. 

701.29  Comparative  Increases  in  the  Population 
of  Cities  and  Villages  Lying  within  Each  Industrial 
Zone,  Exclusive  of  the  Largest  City  of  Each  Zone: 

The  numerical  and  percentage  changes  in  population 
of  cities  and  villages  in  the  industrial  zone  of  each  of 
the  four  cities  under  consideration,  exclusive  of  the 
population  of  the  city  itself,  are  shown,  by  decades 
from  1860  to  1910,  in  table  CDLXVIII. 

In  any  consideration  of  these  figures,  it  must  be 
borne  in  mind  that  they  are  affected  by  the  annexa- 
tions made  from  time  to  time  by  the  chief  city  of  the 
zone.  For  illustration  of  this  fact,  it  is  only  necessary  to 
compare  the  figures  of  New  York  and  Boston.  The 
latter  shows  a  greater  total  increase  for  the  whole 
period  than  New  York,  but  the  period  from  1890  to 
1900  witnessed  an  actual  loss  in  the  territory  outside 
of  New  York  through  the  annexation  of  large  areas. 
With  this  allowance,  the  order  in  total  increase  for  the 
five  decades  would  be  New  York,  Boston,  Philadelphia 
and  Chicago. 

From  1860  to  1910  the  total  increase  of  the  four 
cities  was  5,175,823.  Of  this  amount  New  York  con- 
tributed 34.98  per  cent,  Boston  35.81  per  cent,  and 


TABLE  CDLXIII.     INCREASES  IN  THE  POPULATION  OF  NEW  YORK  AND   OP   THE   INDUSTRIAL  ZONE   OUTSIDE   OP   NEW   YORK 

1860-1910 


Decade 

Increase  in  Total 
Population  of  Zone 

Increase  in  the 
Population  of  the 
City  of  New  York 

Increase  in  the  Population  of  the  Industrial  Zooe 
Outride  of  the  City  of  New  York 

Total 
Increase 

Per  Cent  of 
Increase 
in  Total 
Population 

Increase  in 
Cities  and  Villafrs 

Increase  in 
Rural  District* 

Total 
Increase 

Per  Cent  of 
Increase 

Total 
Increase 

Per  Cent  of 
Increase 

Total 
Increase 

Per  Cent  of 
Total 
Increase 
OuUide  of 
the  City  of 
New  York 

Total 
Increase 

P«r  Cento? 

Total 

OuuSTof 
UM  City  of 
NnrYork 

1 

2 

3 

4 

5 

• 

7 

8 

9 

10 

11 

1860-1870 
1870-1880 
1880-1890 
1890-1900 
1900-1910 

563,678 
668.909 
961.152 
1,440,227 
2.124,820 

28.3 
26.2 
29.8 
34.4 
37.8 

l-'K.OL':! 
264,007 
;«Ki,(X)j 
1,921.901 
l,329,68t 

15.8 

_".  ii 
25.6 
126.8 
38.7 

I  15,060 
404.902 
652.150 
—  481,674' 
784.830 

77.18 
60.53 
67.85 
—33.44 
37.41 

418.007 
434,463 
627,404 
—393,162 

:_•    -..  ; 

107.30 
M  || 
—81.02 
91.03 

L7.IMS 
—28.501 
24.746 
—88,512 
71316 

3  M 

—  7.SO 
3.78 
II     - 
8.«T 

Totals 

5.75M86 

289.3 

3.953.214 

4-  .    •, 

1^05,272 

31.36          1310.338 

100.27 

—4.»S3 

—O.f7 

1  Minus  sign  ( — )  denotes  decrease. 
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FIG.  704.    CHANGES  IN  POPULATION  AND  AREA  OF  THE  CITY  OF  NEW  YORK,  FROM  UNITED  STATES 

CENSUS  AND  MUNICIPAL  REPORTS,  1860-1910 
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TABLE  CDLXV.     INCREASES  IN  THE  POPULATION  OP  BOSTON  AND  OP  THE  INDUSTRIAL  ZONE  OUTSIDE  OP  BOSTON 

I860-IQIO 


Decade 

Inrrriiw  in  ToUl 
Population  of  Zulu- 

1  ii.Tt-iuie  in  the 
I'nmilntiun   of   the 
Qtjrol  Himliin 

i.  illation  of  tl-c  Induatrial  Zone 
Outaidr  nf  lli.-  C'n\  ',(  li'inton 

Total 

Inrreaar 

Prr  Cent  of 
Inrreaae 

Total 
Incmur 

IVr  Ont  nf 
Inrrawe 

Toul 
[nrmur 

ill  •>( 

Inc-mHH 
inT 
Population 

Increaae  in 

I'M  in.  and  Vjllacn 

ln.Tfi.*r  in 

Kuril  lll..lnc-l« 

Total 

Inrmur 

•  ntol 
Total 
Inrrraae 
OuUide  of 
th"  Cllv  nf 
Boaion 

Total 

Incn-nw 

lit  Of 

Total 
Increase 
..la  of 
the  City 
of  Boeton 

1 

1 

JIU.:M 
301.497 
401.040 
004.871 

i,ll.7:tl 

3 

4 

a 

7 

1 

0 

Illl 

lir.  n- 
B|  M 

IIKI  ;M 

in 

11 

18fiO-187l> 
1870-1880 
1880-1800 
1890-1900 
1900-1910 

18.7 
23  7 
26.0 
25.4 

. 

U2.:u:i 

1U.4U 

t>,  . 

40  9 

II  - 

J-.   1 

2411.  1  »  I 

I". 

.•".- 

•  •  r 

s|     I.' 

7      •  • 
24.VI1'! 

003.211 

1.KA 

--•«.• 

...  7     . 
1.17-, 

—  4.M 

1       IS 

I      7 

1    .... 

Tottla 

S.30B.421 

17V  0 

rr. 

J77    1 

I.S!' 

•  Minui  sign  (— )  denotes  decreiae. 

Philadelphia  19.87  per  cent,  while  Chicago's  portion 
was  9.34  per  cent. 

Though  numerically  less,  Chicago's  percentage  of  in- 
crease in  the  population  outside  the  city  was  slightly 
greater  than  that  of  Philadelphia. 

701.30  Comparative  Population  and  Density  of 
the  Industrial  Zones  of  Chicago,  New  York,  Boston 
and  Philadelphia:  A  comparative  statement  showing 
the  total  population  and  density  of  population  of  the 
industrial  zones  of  the  four  cities  under  consideration 
is  presented,  by  decades  from  1860  to  1910,  in  table 
CDLXIX. 

In  order  of  total  population  at  each  of  the  six  cen- 
sus years,  the  leading  cities,  including  their  industrial 
zones,  are  New  York,  Philadelphia,  Boston  and  Chi- 
cago, though  the  figures  for  Philadelphia  and  Boston 
in  1910  were  very  close.  In  order  of  area  of  zones, 
Philadelphia  includes  10,698  square  miles,  New  York 
7,644,  Boston  7,344,  and  Chicago  6,681. 

New  York  stands  first  in  density  of  population,  fol- 
lowed in  order  by  Boston,  Chicago  and  Philadelphia. 
From  1860  to  1910,  the  population  of  the  New  York 
zone  increased  3.89  times.  The  corresponding  factor 
for  Philadelphia  is  2.36  and  for  Boston  2.80,  while 
Chicago  leads  the  other  cities  in  this  respect  with  a 
factor  of  8.59.  The  total  population  of  the  four  cities 
in  1910  had  increased  to  an  amount  3.48  times  that 
in  1860. 

In  1860,  the  proportion  which  the  population  of 
each  city  bore  to  the  combined  population  of  the 
four  cities  was  for  New  York  38.74  per  cent,  for  Phila- 
delphia 29.65  per  cent,  for  Boston  24.98  per  cent  and 
for  Chicago  6.63  per  cent.  In  1910,  New  York's  pro- 
portion of  the  total  was  43.38  per  cent,  Philadelphia's 
20. 1 2  per  cent,  Boston's  20.11  per  cent,  and  Chicago's 
16.39  per  cent. 

In  1860,  the  average  density  of  population  per  square 
mile  for  the  four  cities  was  158.73,  and  in  1910  it  was 
551.91.  During  the  same  period,  Chicago's  density  of 
population  per  square  mile  increased  from  51.0  to 
438.2. 

701.31  Comparative  Increases  hi  the  Urban  Pop- 
ulation of  the  Industrial  Zones  of  Chicago,  New  York, 
Boston  and  Philadelphia:  The  numerical  and  per- 
centage increases  in  the  total  urban  population  of  the 


industrial  zones  of  the  four  cities  under  consideration 
and  of  each  industrial  zone  are  shown,  by  decades 
from  1860  to  1910,  in  table  CDLXX. 

While  thiTi!  is  no  retrogression  during  this  period  hi 
the  mimerieal  volume  of  the  combined  increases,  the 
maximum  percentage  increase  was  attained  in  the 
decade  from  1880  to  1890.  The  first  two  decades  of 
the  period  increased  to  this  point,  while  the  last  two 
decades  declined  from  it. 

Individually,  New  York  advanced  in  its  percentages 
of  increase  throughout  the  50  years,  Philadelphia  and 
Boston  dropped,  while  Chicago  rose  to  its  maximum 
in  the  middle  decade  and  then  receded  as  in  the  case 
of  the  combined  total. 

The  factor  of  increase  of  the  combined  total,  as 
between  the  first  decade  and  the  last,  was  3.19;  for 
New  York  it  was  3.76,  for  Chicago  3.24,  for  Philadel- 
phia 2.56  and  for  Boston  2.47. 

The  numerical  increases  for  the  Chicago  zone  place 
that  city  fourth  during  the  first  and  second  decades, 
and  thereafter  it  is  second  only  to  New  York,  which 
leads  the  other  three  cities  throughout  the  entire  period. 

701.32  Increases  hi  the  Population  of  the  Indus- 
trial Zones  of  Chicago,  New  York,  Boston  and  Phila- 
delphia :  The  numerical  and  percentage  changes  from 
1860  to  1910  in  the  total  population  of  the  four  largest 
industrial  zones,  the  increase  in  population  of  the 
largest  city  of  the  zone,  and  the  change  in  population 
of  the  industrial  zone  outside  of  the  largest  city  are 
shown  by  table  CDLXXI. 

To  the  total  increase,  New  York  contributed  45.25 
per  cent,  Chicago  20.33  P61"  cent,  Boston  18.15  per  cent 
and  Philadelphia  16.27  PCT  cent.  In  the  numerical 
increases  in  the  population  of  the  largest  cities  of  the 
respective  zones,  the  order  is  New  York,  Chicago, 
Philadelphia  and  Boston.  Of  the  total  combined  in- 
creases of  the  four  largest  cities,  New  York  alone 
supplied  52.67  per  cent,  Chicago  27.66  per  cent, 
Philadelphia  13.10  per  cent  and  Boston  6.57  per  cent. 
In  percentage  of  total  increase1  in  population  of  the 
largest  city  of  each  zone,  Chicago  was  first  with  80.26, 
New  York  68.65,  Philadelphia  47.48  and  Boston  21.34. 

In  the  combined  increase  in  the  population  of  the 
industrial  zone  outside  the  largest  city,  the  percentage 
for  Boston  was  34.80,  for  New  York  34.58,  for  Phila- 
delphia 20.84  and  for  Chicago  9.78. 
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TABLE  CDLXVII.     INCREASES  IN  THE  POPULATION  OP  PHILADELPHIA  AND  OP  THE  INDUSTRIAL  ZONE  OUTSIDE  Of 

PHILADELPHIA.  l«6o   MJIO 


Decad,. 

1  ncn-ase  in  Total 
Population  of  Zone 

1                                                 ' 

Increase  in  the 
I'.I|III|HII..I,  of  the 
City  ..i  rinl  ,.!,•!,  ,l,i  , 

InerxaiH-  In  the  Populati 

......    i,        -       . 

on  of  the  Industrial  Zone 

ly  of  I'hihKMplua 

Total 

Increase 

IVr  Ont  of 
Iiirmasr 
,„   1 
Population 

sniUi 

K«.TOM.U 

Total 
Increase 

I'IT  Cent  of 
Increase 

Total 
Increase 

PIT  Onl  of 
Increase 

Total 
Increan 

I'.,..,..      . 
Total 
In.  rnaae 

the  City  of 

Ph     .  : 

P«C*Mof 

1     '  . 
Total             laeraaw 
Inrma*        Outsidcof 

.       ,    . 

p.      !_  _»_»_•_!_ 

rniiiVfipnia 

1 

3 

3 

4 

5 

8 

7 

8 

0 

10                    II 

l.sr.n    |S7,I 

1S7II      |SS|, 
ISSd     IS'  1(1 

1890-1900 
1900-1910 

J  .v,.  |i;  1 
347,685 
413,7(11 
466.410 

|,.    s 

19.5 
19.5 
18.4 
19.6 

108,403 
I73.I4K 
199,794 
246,733 
256,311 

19.2 
25.7 
23.6 
23.6 
10.7 

171    .'.7 
313.007 
310,877 
833,731 

.7    ',  ; 
SO  20 
51.71 
47.10 
58.58 

ill  now 
157.011 
215,074 
236.062 

107  7-7 

n  -.1 

lim  »7 
ID7  46 
02.50 

35.385            .1     • 
in  in 
—2.087*       —0.07 
—16.385         —7.48 
34.044              7.50 

Totals 

L>.071.:«>2 

136  0              983,479 

173.0            1.087.  N2:i 

.-,_•  .;•• 

1  .us  Hi, 

Mm* 
.  04 

59,383                   >• 

*  Minus  sign  ( — )  denotes  decrease. 


701.33  Comparative  Population  of  the  Industrial 
Zones  of  Chicago,  New  York,  Boston  and  Philadelphia, 
of  the  Largest  City  in  Each  Zone  and  of  the  Zone 
Outside  of  the  Largest  City:  Table  CDLXXII  pre- 
sents numerical  and  percentage  statistics  for  the  years 
1890,  1900  and  1910,  respectively,  of  the  population 
of  the  four  largest  industrial  zones,  of  the  largest 
city  in  each  zone  and  of  the  zone  outside  of  the 
largest  city;  also,  numerical  and  percentage  statistics 
of  the  population  living  in  cities  and  villages  and  in 


the  rural  districts.  This  table  is  supplemented  by  a 
series  of  charts,  presented  as  figs.  707  to  712, 
inclusive,  showing  changes  in  population  of  the 
eight  largest  cities  of  the  United  States,  changes 
in  the  urban  and  the  rural  population  of  counties 
located  within  50  miles  of  New  York,  Chicago, 
Philadelphia  and  Boston,  and  changes  in  the  popula- 
tion and  area  of  the  cities  of  Baltimore,  Cleveland, 
Pittsburgh  and  St.  Louis,  for  the  years  1860  to 
1910,  inclusive. 


TABLE  CDLXVIII.     COMPARATIVE  INCREASES  IN  THE  POPULATION  OF  CITIES  AND  VILLAGES  LYING  WITHIN  EACH 
INDUSTRIAL  ZONE,  EXCLUSIVE  OF  THE  LARGEST  CITY  OP  EACH  ZONE.  1860-1910 


Decade 

New  York  Zone 

Philadelphia  Zone 

Boston  Zone 

Chicago  Zone 

Total 
Increase 

Per  Cent  of 
Total  Increase 
of    Population 
Outside  of  the 
City  of 
New  York 

Total 
Increase 

Per  Cent  of 
Total   Increase 
of   Population 

(  n  it  -n  li.  of  the 
City  of 
Philadelphia 

Total 
Increase 

Per  Cent  of 
Total  Increase 
of  Population 
Outside  of  the 
City  of 
Boston 

Total 
Increase 

IVr  Ont  of 
Total  Incrrase 
of  Population 
Outside  of  the 
City  of 
Chicago 

1 

2 

3 

•    4 

5 

6 

7 

8 

• 

18BO-1870 
1870-1880 
1880-1890 
1890-1900 
1900-1910 

418,007 
434.463 
627,404 
—393,162 
723,523 

96.08 
107.30 
96.21 
—81.62 
91.08 

111,606 
157,011 
215,974 
236,062 
307,787 

7:.  in 
89.90 
100  97 
107.46 
92.  SO 

17S.391 
245,491 
442.155 
487,254 
503,213 

mi  „.-, 
'.is  :._• 
109.07 

IIS     !l| 

100.23 

!-      ... 

85.675 
70.135 
123.240 

iMi  ;.'- 

28  63 

150.30 

••• 
99  33 

Totals 

1,810,235 

100.87 

1.028,440 

04.54 

1353.504 

102.03 

483.844 

04.  TO 

TABLE  CDLXIX. 


COMPARATIVE  POPULATION  AND  DENSITY  OF  THE  FOUR  LARGEST  INDUSTRIAL  ZONES 

i86o-igio 


Year 

New  York  Zone 

Philadelphia  Zone 

Boston  Zone 

. 
Total 

Population 

Population 

Population 

Total 

Per  Square  Mile 

Total 

Per  Square  Mile 

Total           ;  Per  Square  Mile 

1 

2 

3 

4 

5                                «                               7 

8 

340.62 

••-.   - 

' 
:  -    -    •• 
2.927.3J 

I860 
1870 

IS.SII 

1890 
1900 

1'IHl 

1  ,WK),477 
2,554.155 
3.223,064 
4,184.218 

5.624,443 

7.748.9liH 

260.4 
334.1 
421.6 
547.4 
735  8 
1013  7 

1,523,174 
1.778,638 
2,116338 
2,540,024 
8,008.434 
3,594.476 

142.4 
188.8 

198  8 

:;:t7   I 
"281.0 
:n<\  i) 

1.283,381!                    174.8 
1,523,667                    207.5 
l>s-,.i«4      .,           256.7 
2.376.2O4                    323.6 
2,981,076                     in.'     ' 
3,592.807                   489.2 

Chicago  Zone 
Population 

Per  Squarr  Mil* 

9 

51  O 
133.1 

337  2 

.    - 
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TABLE  CDLXX. 


COMPARATIVE  INCREASES  IN  THE  URBAN  POPULATION  OP  THE  POUR  LARGEST  INDUSTRIAL  ZONES 

iMo-igio 


Decide 

Increase  in  Urban 
Population  of  all  Zone* 

Increase  for  the 
New  York  Zone 

1  •    ••  .- 
Chieai 

Total 

)•  -1., 
o  Zone 

Incrva* 

I'!.;!  .   >• 

Total 

»  for  the 

!       .    /      -.. 

Increaie  for  the 
Hoiton  Zone 

Total 

Per  Cent  of 
Increaie 

Total 

Per  Cent  of 

Increase  in 

i  H  ti 

Population 
of  all  Zone* 

Per  Cent  of 
Increaie 
in  Urban 

r  ,..,,,.... 

of  all  Zone* 

Per  Cent  of 

Incraaae 
in  Urban 
Population 
of  all  Zone* 

ToUl   . 

Per  Cent  of 
Increaie 
in  Urban 
Population 
of  all  Zone* 

1 

2 

3 

4 

5 

• 

7 

« 

» 

10 

11 

1860-1870 
1870-1880 
188O-1890 
1890-1900 
1900-1910 

1.222,089 

1,676,310 
2,540,707 
3,333,168 
3.902,344 

...    - 
37.01 
41.04 

.  M 

.,.  ..  o 
698.470 
936.406 
1.  528,739 
2.053,204 

u    71 
41.67 

•  n 

,-.  M 
52.61 

207383 

666300 
7211965 
871 

17.00 
17.29 

.•     II 
!  :   M 
17.16 

•    .,1   irr  , 

330.159 

iu  m 

482.795 
563,098 

I-,    !MI 

!••   TII 
;..    .; 
14.49 
14.  43 

148,077 

S573M 
tsr.TM 

599.669 
812,908 

21.34 
H  7-' 
17   •••. 
15.71 

Total. 

12.681.284 

383.67 

5.763.449 

2,539.687 

J»  is 

-Mil  1.9  19 

.-.  M6J46 

18.50 

TABLE  CDLXXI. 


INCREASES  IN  THE  POPULATION  OP  THE  POUR  LARGEST  INDUSTRIAL  ZONES  DURINT.  THE  50  YEARS 

iS6o-ipio 


Zone 

Increaie  in  Total 
Population 

Increaae  in  Population 
of  Largest  < 

Increase  in  Population  of  Industrial  Zone  OuUide  of  On-  Largest  < 

Total 

Increaie 

Per  Cent  of 
Increaie 

Per  Cent  of 
Total          Inrreaa*  in 
Increase             i 
Population 

Total 

PerCeat 
of  iDcreas* 
in  Total 
Population 

Included  in  Ciucs  and 
Villages 

Included  in  Kural 
DUtricta 

IVr  Cent  of 
Total             1  iirnan 
Increaie        Outside  of 
Lane*  City 

Total 
Increaie 

Inrreaat 
OuUide  of 
KaneetCity 

1 

-' 

3 

i           |            6 

7 

- 

10 

11 

New  York.. 

5,758,486 
I471.XH 
2.309,421 
2,666.731 

289.30 
135.99 
179.95 
«•  40 

3,953,214           68.66 
983,47(1            11    H 
492.745            21.34 
2^76,023           M.M 

:  H  Lfn 
UM  H 
1.816.676 
610,108 

:    • 
-     •: 

n  •• 

19  74 

1.810.235           100.27 
1.028.440            94.64 

'^           '8:8 

i  • 

irSii 

-0.27 

'.   P. 

-1:8 

Philadelphia 

Chicago  

Total.  

12.725,940 

247.70 

7.505.461               -      - 

179          41.02           5.175.823            99.14 

ii-  •  •••                0.86 

•  Minus  sign  ( — )  denotes  decrease. 


TABLE  CDLXXI1.    COMPARATIVE   POPULATION   OP   THE   POUR   LARGEST  INDUSTRIAL  ZONES.  OP  THE  LARGEST  CITY  IN 
EACH  ZONE  AND  OF  THE  ZONE  OUTSIDE  OP  THE  LARGEST  CITY.  IN   i«oo.  tooo  AND  1910 


* 

Zone 

Population  of  Largest  City 

Population  of  Industrial  Zone  OuUide  of  Larfett  City 

Total                                    Per  Cent  of 
Population             Total                 Total 
Population       Population 
of  Zone 

Population  Li  vine  in 
Citirs  and  Villages 

Population  Living  in 
Rural  Districts 

Total 
Population 

Total 
Population 
of  Zone               Total 

Per  Cent  of 
Total  Popu- 
lation Living 
Outside  of 
Laifeit  City 

Per  Cent  of 
Total  Popu- 
Total           lation  Living 
0  ..-..i.  0? 
Largest  City 

1 

23                       4 

5 

8                        7 

8 

9                      10 

|W« 

8468,916 
1.493,060 
1.927.727 
430,288 

63.79             2.007.623 
0.71                707.789 
81.13               1.711.244 
S8JJ                214J879 

New  York.   . 

4.184,216           1,515,301              36.21 
2,540.024           1.046,964              41.22 
2,376,204              448,477              18.87 
1,530,136           1,099,850              71.88 

75.22 
47.41 

88.77 
49  89 

661,292              24.78 
785^71 
216,483              11.23 
216306             aO.ll 

Philadelphia  . 

BotloB 

Chictfo  

Totals 

10,880.579          4.110,602     i        38.67 

6.519.987  . 

4.641.336 

71.19 

i  s7s.,.-,j             28.81 

1900 

New  York 

5,624,443          3,437,202              61    :i 
3,006,434           1,293.697              43.03 
2,981,076              560.892              18  82 
2,252,960           1,698.576               76  39 

2.187,241 
1,712,737 
2,420.184 
664386 

38.89              1.614,461 
•    n                943.851 
M    is             2.198,498 
M.«                817,919 

73.81 
65.11 

•HI     S| 

60  96 

572,780             26.19 
768.888              44.89)4 
221.686               9.16  1 
916466             S9.06 

Philadelphia  .  . 

Boston. 

Chicago  

Totals                      13,864.913          6,990,366              50.42 

6.874.547 

49.58              5.O94.720 

74.11 

1.779.818              16  H 

1910 

New  York  .  . 

7,748,963          4,766,883     |         61.52 
3,594,476           1,549,008             43.09 
3,592,807              670,585              Is  lii 
2,927,387          2,186,283             74  65 

2,982,080 
2,045,468 
2.922,222 
T4VIV4 

H.4I             2,337,984 
56.91               1,261,638 
81.34              2,701,711 
M.M        i        814,847 

7s    in 
61.19 
92.45 
10.66 

644,096             21.60 
793330             .is  M 
220,611               7.66 
21T,m             16.34 

Philadelphia  

Chicago  

Totals                      17,863,003          9.171.759             51.34 

8.691.844 

48.66            6.816.8M 

7s    11 

1.876.164              Jl    V.i 
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FIG.  706.    CHANGES  IN  POPULATION  AND  AREA  OF  THE  CITY  OF  PHILADELPHIA,  FROM  UNITED  STATES 

CENSUS  AND  MUNICIPAL  REPORTS.  1860-1910 
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701.34  Growth  of  Chicago's  Railroad  Mileage: 
The  growth  of  the  railroad  lines  entering  Chicago  is 
indicated  by  table  CDLXXIV,  which  presents  statistics 
for  1860  and  1869,  for  comparison  with  the  years  1903 
and  1912. 

TABLE  CDLXXIV.     GROWTH  OP  CHICAGO  TRUNK  LINES 


Item 

1860 

I860 

1903 

1912 

1 

a 

8 

4 

5 

Number  of  lines.  .  . 
Mileage  

u 

4,700 

SIH.UOO.IXHI 

13 

7,000 

».VI,IJ(I«I,(KK) 

21 

67,000 

*'.-.:,<.•,:.  j  -,l 

23 

7...... 
t9M.B88.049 

Gross  earnings  

The  growth  in  number  and  importance  of  the  trunk 
lines  is  characteristic  of  Chicago's  entire  growth  in 
transportation  activities.  Of  the  total  of  39  rail- 
road companies  by  which  Chicago  is  now  served, 
25  maintain  passenger  and  freight  service  and  23  are 
classed  as  trunk  lines. 

The  mileage  of  main,  industrial  and  yard  tracks  in 
the  Chicago  District  is  shown  by  table  CDLXXV. 


TABLE  CDLXXV.     MILEAGE  OP  RAILROAD  TRACKS  WITHIN  THE 
COMMITTEE'S  AREA  OP  INVESTIGATION.  1911 


CteM 

'.!     .  . 

Main  track  

1  74A 

IndiiMrial  tracks  owned  by  railroad  rompaniM 

, 

Industrial  track*  owned  by  industries     . 

Yard  traolui  

2.144 

Total  mileage  

Table  CDLXXVI  presents  a  comparison  of  Chi- 
cago with  three  other  railroad  centers  as  to  number 
and  aggregate  annual  gross  earnings  of  railroads  of  the 
first  class,  that  is,  those  earning  annually  more  than 
$1,000,000. 

TABLE  CDLXXVI.     COMPARISON  OP  POUR  RAILROAD  CENTERS. 
RAILROADS  OP  THE  PIRST  CLASS 


City 

Number  of  Railroads 
of   the    First  Class 

Aggregate    Annual 
Gross  Earnings 

Chicago 

25 

S&50.0OO.OOO 

New~York  .. 

14 

5«0.0<)O.OOO 

Philadelphia 

9 

430,000.000 

Boston  

.  :  .  ...   .. 

METEOROLOGICAL  CONDITIONS  OF  CHICAGO 


701.35  Chicago's  Meteorological  Conditions  Com- 
pared with  those  of  Other  American  Cities :  Meteor- 
ological conditions  of  Chicago's  location,  which  have 
been  subject  to  extended  observation,  are,  on  the 
whole,  favorable  to  the  maintenance  of  a  clear  and 
wholesome  atmosphere.  They  are  superior  to  those 
of  many  other  cities  of  the  United  States  and  of 
Europe.  The  climate,  although  changeable  and  occa- 
sionally extreme  in  temperature,  is  distinctly  healthful 
and  energizing.  The  death  rate  (14.7  per  1,000  in 
1910)  is  lower  than  that  of  any  other  great  city  in  the 
United  States. 


Chicago's  percentage  of  possible  sunshine  is  higher 
than  the  average  for  American  cities  and  much  higher 
than  that  of  other  cities  similarly  situated  with  respect 
to  the  Great  Lakes. 

A  comparison  of  the  meteorological  conditions  of 
Chicago  with  those  of  38  other  American  cities, 
relative  to  maximum  and  average  wind  velocities, 
mean  maximum  and  mean  minimum  temperatures, 
relative  humidity,  precipitation  and  percentage  of 
possible  sunshine,  is  given  in  tables  CDLXXVII  and 
CDLXXVIII  for  the  seven-year  period  from  1906  to 
1912,  inclusive.* 


INFLUENCES  AFFECTING  THE  LOCATION  OF  RAILROAD  LINES  AND  TERMINALS 

IN  CHICAGO 


701.36  Location  of  the  Illinois  Central  Railroad 
on  the  Lake  Front:  The  Illinois  Central  Railroad 
located  its  lines  along  the  Lake  Front  in  response  to 
the  requirements  of  an  ordinance  passed  by  the  Chi- 
cago City  Council.  This  ordinance  was  contrary 
to  the  preferences  expressed  by  the  officials  of 
the  railroad  company,  who  desired  to  locate  the 
railroad  along  the  south  branch  of  the  Chicago 
River.  The  ordinance  shows  that  not  only  did  the 
city  prefer  to  have  the  railroad  locate  where  it  is, 
but  that  it  expected  and  actually  received  an  in- 
cidental advantage. 

Section  7  of  the  ordinance  provided  that  the  railroad 
company  should,  within  three  years  after  its  acceptance 
of  the  ordinance,  construct  and  thereafter  maintain 
a  continuous  wall  or  structure  of  stone  masonry,  pier 
work  or  other  sufficient  material,  from  the  north  side 
of  Randolph  Street  to  the  southern  boundary  of  the  city, 
at  such  distances  outside  of  the  tracks  of  the  road  as 
might  be  expedient,  "which  structure  and  work  shall 


be  of  sufficient  strength  and  magnitude  to  protect 
the  entire  front  of  said  city  between  the  north  side  of 
Randolph  Street  and  its  southern  boundary  from 
further  damage  or  injury  from  the  waters  of  Lake 
Michigan." 

In  its  advocacy  of  this  ordinance,  the  "  Daily  Demo- 
crat" of  April  2,  1852,  urged  that  the  ordinance  con- 
taining the  provisions  referred  to  be  speedily  passed, 
in  order  that  the  lake  front  might  be  at  once  protected 
through  the  work  of  the  railroad  company.  The 
ordinance  carried  by  a  vote  of  10  to  6,  two  aldermen 
being  absent.  The  six  aldermen  who  voted  against 
it  were  referred  to  as  the  "river  aldermen,"  because 
of  the  fact  that  they  desired  the  railroad  to  be  located, 
in  accordance  with  the  wishes  of  President  Schuyler, 
on  the  west  side  of  the  south  branch  of  the  river. 
These  aldermen  and  the  influences  behind  them  were 
strong  enough  to  secure  the  insertion  of  a  section  which 

•  See  Archives  of  the  Committee.  Vol.  J  j. 
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required  the  railroad  company  to  construct  the  track 
now  known  as  the  St.  Charles  Air  Line,  connecting  the 
trackage  along  the  shore  of  the  lake  with  .that  in  the 
river  district  of  the  city.  Section  4  of  the  ordinance 
reads  as  follows: 

"  Permission  and  right-of-way  are  hereby  given 
to  the  said  company  to  construct  and  maintain  a 
side  track  from  its  main  track,  beginning  at  or 
south  of  i  zth  Street,  proceeding  through  said 
street  or  such  line  as  may  be  prescribed  by  the 
Common  Council,  westerly  to  the  south  branch 
of  the  Chicago  River;  thence  crossing  the  said 
south  branch  by  a  bridge,  or  other  mode  to  be 
approved  by  the  Common  Council,  which  shall 
not  obstruct  navigation;  thence,  proceeding 
northerly  to  Kinzie  Street,  following  as  far  as 
practicable  the  streets  nearest  to  said  branch,  on 
such  sides  of  the  center  of  streets  as  the  Common 
Council  may  prescribe;  said  track  not  to  be  laid 
west  of  the  west  line  of  Canal  Street;  and  also  a 
track  leading  from  the  last  mentioned  track 
at  or  near  its  intersection  with  the  eastern  line  of 
the  said  southern  branch  of  the  Chicago  River, 
along  the  line  of  said  south  branch,  into  Market 


Street,  following,  as  far  as  possible,  the  streets 
nearest  the  river  and  on  such  sides  of  such  streets 
as  the  Common  Council  may  direct;  thence 
along  the  west  line  of  Market  Street  northerly 
to  Lake  Street." 

The  construction  of  the  breakwater  by  the  terms  of 
the  ordinance  was  commenced  in  September,  1852, 
and  completed  in  1854;  thereafter,  the  city  had  no 
trouble  from  the  encroachment  of  the  lake.  Prior  to 
1 860,  the  company  had  spent  approximately  $500,000 
on  lake  front  protection  work.  During  the  construc- 
tion period  of  1856,  "the  total  amount  expended  for 
lake  front  protection,  as  shown  by  the  records  of  the 
railroad  company,  amounted  to  $368,166.02,  which 
amount  was  charged  to  capital;  the  total  amount 
expended  and  charged  to  capital  from  1836  to  1913, 
inclusive,  was  $1,800,000;  there  have  been  charges  to 
maintenance  from  1908  to  1913,  ranging  from  $8,000 
to  $28,000  per  annum." 

These  figures  show  that  the  expense  incurred  by 
the  company  in  complying  with  the  requirements 
of  the  ordinance  under  which  it  was  permitted  to 
enter  the  city,  has  been  continuous  up  to  the  present 
time. 


SPREAD  OF  SOLID  MATERIALS  IN  THE  SMOKE  OF  LOCOMOTIVES 


701.37  Solids  in  Locomotive  Smoke  and  Atmos- 
pheric   Pollution:     The   extent    to    which    the    solid 
particles   contained   in  locomotive  smoke   affect  the 
atmosphere  as  a  polluting  agency  is  dependent,  in  a 
large  measure,  upon  the  length  of  time  they  may  remain 
in  the  air,  and  upon  the  distance  they  may  be  trans- 
ported from  the  point  of  emission  by  air  currents  before 
settling  to  the  ground.     The    larger    particles    settle 
quickly.     The   finer  cinders  and  dust  particles  settle 
more  slowly,   their   rate  of  descent  depending  upon 
their  size,  form  and  specific  gravity,  and  u]x>n   the 
condition  of  the  atmosphere  and  the  influence  of  the 
air  currents.     Very  small  particles  may   remain  in 
the  atmosphere  a  long  time  and  be  distributed  over 
large  areas.     The  effect  of  large  cinders  as  polluting 
constituents   of   the   atmosphere   is   obviously    local. 
For  the  purpose  of  ascertaining  the  facts  concerning 
the  physical  properties  of  particles  emitted  and  the 
distance  traversed  by  them,   an  extensive  series  of 
tests  was  undertaken  and  conducted  by  the  Com- 
mittee. 

The  tests  were  conducted  throughout  the  two  zones 
of  investigation,  both  in  switching  yards  and  on  the 
main  lines  of  railroads.  In  switching  yards  24  tests 
were  made,  18  in  Zone  A  and  6  in  Zone  B.  On  main 
lines  76  tests  were  made,  46  in  Zone  A  and  30  in  Zone 
B.  Of  the  total  number  of  tests,  64  were  conducted 
in  Zone  A  and  36  in  Zone  B.  The  points  at  which 
tests  were  conducted  are  shown  by  the  accompanying 
map,  fig.  713. 

701.38  Description  of  Tests:     The  methods  em- 
ployed involved  the  use  of  a  series  of  metallic  pans 
to  receive  the  falling  particles.     These  were  set  in 
line  on  the  lee  side  of  the  railroad  track,  at  right  angles 
to,  and  at  prescribed  distances  from,  the  center  line  of 
the  track.     Ten  galvanized  iron  pans,  each  18  inches 


square  and  6  inches  deep,  constituting  an  open  recep- 
tacle with  an  area  of  2.25  square  feet,  and  each  bearing 
a  number,  were  used.  Each  pan  was  fitted  with  a 
horizontal  wire  screen  of  four  meshes  to  the  inch, 
placed  one  inch  above  the  bottom  to  prevent  tlv 
turbance  of  deposited  particles  by  passing  currents  of 
air.  It  was  found  that  such  a  screen  constituted  a 
satisfactory  baffle.  The  distances  of  the  several  pans 
from  the  center  line  of  track  and  the  distances  be- 
tween consecutive  pans  of  the  scries  were  normally  as 
follows : 


NO.  FT.  FROM  PAN  NO. 


FT.  FROM 

PAN  NO. 

.  I  s  II  K  TRACK 

I  ... 

.   .   .    2O   .   .   .   . 

2  ... 

...    40   .   .   .   . 

3  ... 

.   .   .    60   .   .   .   . 

4  ... 

.  *.   .    80   .   .   .   . 

5  ... 

.   .   .   100   .   .   .   . 

6  ... 

.   .   .   125   .   .   .   . 

.   .   .   ISO      .   .   . 

8  ... 

.   .   .   200   . 

9  ... 

.   .   .   250      .   .   . 

10  . 

.VSO 

20 

20 
20 
20 
25 
25 
50 
50 
100 


This  arrangement  was  adhered  to  except  in  a  few 
instances  in  which  limitations  of  space  made  it  impossi- 
ble  to  set  out  all  of  the  pans,  or  in  which  contingencies 
arose  that  made  it  necessary  to  eliminate  a  pan  from 
a  test. 

A  diagram  showing  the  arrangement  of  pans  for  a 
typical  test  is  presented  as  fig.  714. 

Three,  and  sometimes  four,  experienced  men  were 
employed  in  the  conduct  of  each  test.  The  pans  were 
carefully  set  at  the  prescribed  locations,  and  the  line 
of  pans  was  patrolled  during  the  period  of  the  test  to 
prevent  interference  with  the  ordinary  precipitation, 
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FIG.  713.    LOCATION  OF  POINTS  AT  WHICH  TESTS  WERE  CONDUCTED  TO  DETERMINE  THE  SPREAD 

OF  SOLIDS  IN  LOCOMOTIVE  SMOKE 
(Arrows  Indicate  Direction  of  Wind  Durini  Test) 
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FIG.  714.    ARRANGEMENT  OF  PANS  FOR  A  TYPICAL  TEST 
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or  molestation  of  the  materials  'deposited.  As  the 
presence  of  moisture  frotn  rain  or  snow  made  difficult 
the  collection  of  fine  particles  from  the  pans,  all  tests 
in  which  the  pans  contained  cither  moisture  or  snow 
were  rejected.  All  tests  were  conducted  during  the 
day.  Observations  recorded  for  each  test  included  a 
definition  of  the  location  of  each  pan,  the  direction  and 
velocity  of  the  wind  and  other  weather  conditions,  the 
time  at  which  locomotives  or  trains  passed,  the  speed 
of  passing,  and  much  other  information  which  at  the 
time  of  the  test  gave  promise  of  being  of  value.  The 
average  duration  of  each  test  was  5.5  hours. 

At  the  close  of  a  test,  the  contents  of  the  pans  were 
carefully  collected  and  placed  in  clean,  dry,  numbered 
bottles,  the  numbering  of  the  bottles  corresponding 
to  the  numbering  of  the  pans  in  which  the  collection 
was  made.  The  bottles  were  sealed  and  labeled  with 
the  name  of  the  railroad  on  the  line  of  which  the  test 
was  made,  and  with  the  location  and  number  of  the 
test. 

In  the  laboratory  the  contents  of  each  bottle  were 
separated  into  five  parts  as  follows: 

1.  Coarse  cinders. 

2.  Fine  cinders. 

3.  Fuel  dust. 

4.  Other  inorganic  matter. 

5.  Organic  matter. 

The  coarse  cinders,  fine  cinders  and  fuel  dust  were 
separated  by  the  use  of  screens  of  20  and  200  meshes 
per  inch.  With  the  aid  of  a  magnifying  glass*  an 
expert  separated  the  inorganic  and  organic  matter 
from  the  matter  emitted  from  locomotives. 

It  was  intended  that  each  test  should  be  of  the  same 
duration  and  should  be  conducted  during  the  same 
hours  of  the  day,  but  unfavorable  weather  conditions 
and  other  contingencies  made  necessary  the  acceptance 
of  some  tests  of  shorter  duration.  In  order  to  place 
all  tests  on  the  same  basis  as  to  time,  the  results  of 
each  were  reduced  to  a  basis  of  one  hour,  necessitating 
the  assumption  that  the  rate  of  deposit  during  a  test 
was  constant. 

701.39  Average  Density  of  Traffic:  The  average 
density  of  railroad  traffic  for  one  day  of  24  hours 
during  the  tests  is  shown  by  table  CDLXXIX. 

TABLE  CDLXXIX.    AVERAGE  NUMBER   OF  LOCOMOTIVES  AND 
CARS  PASSING  TEST  LOCATIONS  DAILY 

No.  Loco-  M     _  _   No.  Test 
motivei     No.  Cars  Locations 


Place 

Zon 

1 

2 

Y»rd                         

A 

Main  Line              

A 

241  2194  18 

79  1031  8 

190  1908  46 

71  1194  30 


These  differences  account  for  the  variation  in  the 
total  quantity  of  materials  collected  in  different  tests 
and  groups  of  tests. 

701.40  Velocity  of  the  Wind:  The  velocity  and 
direction  of  the  wind  are  indicated  for  each  test  in 
fig-  7!3-  The  average  wind  velocity  per  hour  ^re- 
corded for  the  tests  is  shown  by  table  CDLXXX. 

•A  record  of  the  result*  of  the  laboratory  analyses  i»  preserved  in  the 
Archives  of  the  Committee,  Vol«.  G  50  and  651. 


TABLE  CDLXXX      AVERAGE  WIND  VELOCITY  RECOftOKK 
DURING 


i 
I 


Y»rd 

Main 


- 
A 


14.7 

II   < 


I* 

' 


701.41  Influence  of  Air  Current*:     Prom  ocular 
observation  of  the  movement  of  duct  particles  in  the 
air  in  the  immediate  vicinity  of  railroad  tracks,  it  wai 
apparent  that  the  velocity  of  the  wind  in  the  vicinity 
of  the  pans  was  affected  by  passing  traffic,  but  the 
extent  of  the  disturbance  was  indeterminate.     The 
velocity  of  the  wind,  whether  due  to  natural  causes  or 
to  passing  traffic,  is  a  factor  in  agitating  matter  sus- 
pended in  the  atmosphere  or  lying  loose  upon  the 
ground.     No  attempt  was  made  to  •epstfile  matter 
deposited  as  a  result  of  wind  action  from  that  emitted 
from  locomotives  during  the  hours  of  the  tests,  nor 
to  separate  matter  thrown  into  the  atmosphere  by 
the  natural  force  of  the  wind  from  that  projected  into 
it  by  the  action  of  railroad  traffic.     No  relationship 
was  established  between  the  amount  of  solids  emitted 
by  locomotives  and  the  amount  precipitated  on,  and 
in  the  vicinity  of,  railroad  tracks. 

701.42  Results:    The  results  constitute  an  excel- 
lent record  of  the  character  and  distribution  of  the 
solid  constituents  of  locomotive  smoke.     Because  of 
varying  conditions  due  to  local  influences,  tney  do 
not  constitute  a  satisfactory  basis  upon  which  to  deter- 
mine the  quantity  of  solids  deposited. 

The  materials  collected  were  not  all  of  fuel  origin. 
The  strong  air  currents,  stimulated  by  moving  trains, 
resulted  in  the  collection  of  solids  from  the  road-bid 
and  the  surrounding  territory,  as  well  as  those  from 
locomotive  stacks.  Of  the  materials  collected,  it 
was  assumed  that  all  of  the  cinders  and  fuel  dust  came 
from  locomotives  and  that  the  non-fuel  materials  came 
from  other  sources.  This  assumption  was  not  entirely 
correct,  since  some  of  the  cinders  and  fuel  dust  col- 
lected may  have  had  their  origin  in  other  smoke  pro- 
ducing plants  operating  in  the  vicinity  of  the  test 
ground,  but  the  errors  arising  from  this  source  were 
considered  negligible.  It  was  also  assumed  that  all 
of  the  cinders  and  fuel  dust  collected  in  the  pans 
were  emitted  on  the  day  of  the  test,  though  it 
probable  that  some  of  the  matter  collected 
emitted  prior  to  the  day  of  the  test  and  was  taken 
up  by  the  wind  and  deposited  in  the  pans  on  the 
day  of  the  test. 

The  character  of  solids  deposited  in  the  pans 
switching  yards  and  on  main  lines,  by  zones,  is  shown 
by  table  CDLXXXI. 

The  results  as  to  the  spread  of  solids  arc 
diagrammatically  by  figs.   715   to  719.  inclusive,   in 
which  the  average  amount  of  each  kind  of  t 
posited  in  each  pan  is  expressed  in  per  cent  of  the 
total  solids  deposited  in  the  pan  in  question. 

The  five  different  classes  of  constituents  trcaUtl 
the  tabulation  and  in  the  diagrams  are  expressed 
terms  of  the  ratio  that  the  weight  of  each  consti 
collected  in  a  given  pan  bears  to  tho  total  w«n 
all  constituents  collected  in  that  |«n      In  no  case  i 
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TABLE  CDLXXXI.    AVERAGE  AMOUNT  OF  EACH  CLASS  OF  SOLIDS  DEPOSITED  IN  PANS 

(In  per  cent  of  total) 


Pan 

No. 

Place 

Zone 

Kri.m  Locomotives                V-t  from  Locomotive* 

Total 

1  '..,!., 

Cinders 

Kin, 
Cinden 

Fuel 

[)  ..i 

b«anl 

'  "ritiiiin- 

M  -.., 

1 

2 

3 

4 

6                   8 

7 

8 

• 

1 

Yard 

A 
B 
A 
B 

58.03 

U  x,. 

57.55 

M    IU 

:ti  HI 
U  U 

Jl    IM 

2.98 
12.12 
4  51 

1   >J 

4.14 
44   49 
u  18 

.,  45 

0.88 
1.05 

100 

100 
100 

too 

2 

Yard 

A 
B 
A 
B 

:,7    1C, 
i::  in; 
88.88 
56.02 

:r,  -:,           2.60 

l!l!   I!.',               9  99 
26.91                1   :(.'• 
28.25               1   Mi 

4.18 

23.77 
4  97 
11.88 

ii  :« 
1   14 
1  99 

II    JS 

i>    li 
1.18 
1  09 

100 

KM) 
100 
100 

3 

Yard 

A 

B 

I 

1,1!  M 
:,i  •..- 
58.54 
.VI    11 

:((>  .ss 
22.30 
js  ml 
26.23 

2.16 
6.46 
5.50 

1    Ml! 

3.84 

i.-.   SU 
.1   77 
11.85 

KM) 

100 

100 
MM 

4 

Yard   . 

B 

,,:,  us 
•„-,  x,, 

M     Jl 
.->!!.  1  11! 

•».<   I'.i 
29  04 
36  27 
32.28 

2    11 
2.95 

3.17 
1(1   10 

11    30 

0  45 
1.05 

:     17 

100 
UM 
100 
UO 

5 

Yard  

A 

B 
A 
B 

(11!  Ill 

51.05 
47.54 
34.63 

J7  69 
28.20 
36.56 
24.04 

:;    i.. 
2.47 
7.26 
9  93 

17  94 
6.12 
30  05 

0.34 
2.52 
1.88 

100 
100 
100 
100 

100 

100 
100 
100 

6 

Yard  

£ 
$ 

.-,:,  4  1 
9.81 
48.00 
33  15 

34   14 
11.65 
38.71 
31.59 

4  20 
8.01 

8.32 
17  30 

.',   11 
74.00 
6.02 
15.38 

n   si 
: 
3  95 

7 

Yard  

A 

B 
A 
B 

68.77 

21.38 
IJ      7 
35.11 

:i7  r.i 
23.70 
.;,,  U 
34.80 

3.66 
7.57 
8.55 
5.56 

4.90 

M  a 

10.21 
21.12 

1    l.s 
1.22 
2.22 
»  41 

1  .12 
I  80 
3.86 
4.33 

UK) 
100 
100 
100 

Main  line  

S 

Yard  

A 

B 

B 

35.53 
12.29 
39.90 
26.74 

iii  :,t 
24.81 
28.61 

:;,i  7.1 

li  01! 
14.78 

v.  l-'s 
7   si 

10.79 
45.52 
19.88 

l!l   M 

100 
100 
100 
100 

9 

Yard  

g 

A 
B 

.']     il 
19.11 
30.97 
10.81 

:t7  ^s 
22.44 
33.98 
20  07 
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FIG.  715.    AVERAGE  AMOUNT  OF  COARSE  CINDERS  DEPOSITED  IN  EACH  PAN  IN  PER  CENT  OF 
THE  TOTAL  MATERIALS  DEPOSITED  IN  THE  PAN  IN  QUESTION 
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FIG.  716.    AVERAGE  AMOUNT  OF  FINE  CINDERS  DEPOSITED  IN  EACH  PAN  IN  PER  CENT  OF  THE 
TOTAL  MATERIALS  DEPOSITED  IN  THE  PAN  IN  QUESTION 
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FIG.  717.    AVERAGE  AMOUNT  OF  FUEL  DUST  DEPOSITED  IN  EACH  PAN  IN  PER  CENT  OF  THE 
TOTAL  MATERIALS  DEPOSITED  IN  THE  PAN  IN  QUESTION 
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FIG.  719.    AVERAGE  AMOUNT  OF  INORGANIC  MATTER  DEPOSITED  IN  EACH  PAN  IN  PER  CENT 
OF  THE  TOTAL  MATERIALS  DEPOSITED  IN  THE  PAN  IN  QUESTION 
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the  percentage  based  on  the  combined  weight  of  the 
solid  constituents  collected  in  pans  bearing  different 
numbers,  or  on  the  combined  weight  of  solids  collected 
in  tests  in  different  services  or  in  different  zones. 

701.43  Distances  from  the  Tracks  of  Maximum 
and  Minimum  Deposits  of  Each  Kind  of  Material: 

The  results  recorded  in  table  CDLXXXI  indicate  the 
location  of  the  pan  which  received  the  maximum  and 
minimum  deposits  of  each  kind  of  material.  The  sig- 
nificance of  these  facts  is  emphasized  by  the  state- 
ments which  follow. 

Coarse  Cinders 

The  percentage  of  coarse  cinders,  considered  as 
matter  deposited  from  locomotives,  was  found  to  be 
greater  for  each  pan  location  in  switching  yards  in 
Zone  A  than  in  Zone  B.  In  switching  yards  in  Zone  A, 
the  maximum  percentage  of  coarse  cinders  was  shown 
to  be  at  pan  No.  4,  or  80  feet  from  the  center  of  the 
track,  and  the  minimum  at  pan  No.  9,  or  250  feet 
from  the  center  of  track,  while  in  Zone  B  the  maximum 
was  at  pan  No.  4,  or  80  feet  from  the  center  of  track, 
and  the  minimum  at  pan  No.  6,  or  125  feet  from  the 
center  of  track.  On  main  lines  in  Zone  A,  the  maxi- 
mum percentage  of  coarse  cinders  was  shown  to  be  at 
pan  No.  2,  or  40  feet  from  the  center  of  track,  and  the 
minimum  at  pan  No.  10,  or  350  feet  from  the  center 
of  track.  On  main  lines  in  Zone  B,  the  maximum  per- 
centage of  coarse  cinders  was  at  pan  No.  3,  or  60  feet 
from  center  of  track,  and  the  minimum  at  pan  No.  9, 
or  250  feet  from  the  center  of  track.  The  mean  per- 
centage in  switching  yards  was  highest  at  pan  No.  4, 
or  80  feet  from  the  center  of  track,  and  lowest  at  pan 
No.  9,  or  250  feet  from  the  center  of  track.  On  main 
lines,  the  mean  percentage  was  highest  at  pan  No.  2, 
or  40  feet  from  the  center  of  track,  and  lowest  at  pan 
No.  10,  or  350  feet  from  the  center  of  track. 

Fine  Cinders 

The  percentage  of  fine  cinders  was  found  to  be 
greater  for  each  pan  location  in  switching  yards  in 
Zone  A  than  in  Zone  B,  except  for  pan  location  No.  5, 
in  which  the  amounts  were  practically  the  same. 
The  mean  percentage  deposited  in  switching  yards 
was  highest  at  pan  location  No.  8,  Zone  A,  or  200  feet 
from  the  center  of  track,  and  lowest  at  pan  location 
No.  5,  or  100  feet  from  the  center  of  track.  On  main 
lines,  the  percentage  of  fine  cinders  was  greater  for  each 
pan  location  in  Zone  A  than  in  Zone  B,  except  for  pan 
locations  Nos.  i  and  2,  in  which  the  percentages  were 
practically  the  same,  and  for  pan  location  No.  8,  in 
which  the  percentage  was  considerably  less  in  Zone 
A  than  in  Zone  B.  The  mean  percentage  of  fine 
cinders  was  highest  at  pan  location  No.  7,  or  150  feet 
from  the  center  of  track,  and  lowest  at  pan  location 
No.  i,  or  20  feet  from  the  center  of  track. 


Fuel  Dust 

The  percentage  of  fuel  dust  in  switching  yards  was 
found  to  be  greater  in  some  pan  locations  in  Zone  A 
than  in  Zone  B,  and  less  in  others.  On  main  lines, 
the  percentage  was  greater  for  each  pan  location 
in  Zone  A  than  in  Zone  B,  except  for  pan  locations 
Nos.  5  and  6.  The  maximum  percentage  of  fuel 
dust  deposited  in  switching  yards  in  Zone  A  was  at 
pan  No.  9,  or  250  feet  from  the  center  of  track.  In 
Zone  B,  the  maximum  was  at  pan  No.  8,  or  200  feet 
from  the  center  of  track,  and  the  minimum  at  pan 
No.  5,  or  100  feet  from  the  center  of  track.  On  main 
lines,  the  maximum  percentage  in  Zone  A  was  at  pan 
location  No.  10,  or  350  feet  from  the  center  of  track, 
and  the  minimum  at  pan  No.  2,  or  40  feet  from  the 
center  of  track.  In  Zone  B  the  maximum  was  at  pan 
No.  6,  or  125  feet  from  the  center  of  track,  and  the 
minimum  at  pan  No.  i,  or  20  feet  from  the  center  of 
track. 

Inorganic  Matter  not  from  Locomotives 

The  percentage  of  inorganic  matter  not  from  loco- 
motives was  found  to  be  less  for  each  pan  location  in 
Zone  A  than  in  Zone  B,  both  in  switching  yards  and 
on  main  lines.  The  mean  percentage  in  switching 
yards  was  highest  at  pan  location  No.  8,  or  200  feet 
from  the  center  of  track,  and  lowest  at  pan  location 
No.  4,  or  80  feet  from  the  center  of  track.  On  main 
lines,  the  mean  percentage  was  highest  at  pan  location 
No.  6,  or  125  feet  from  the  center  of  track,  and  lowest 
at  pan  No.  2,  or  40  feet  from  center  of  track.  The 
large  percentages  of  this  material  in  Zone  B,  both  in 
switching  yards  and  on  main  lines,  were  traced  to 
abnormal  amounts  deposited  during  particular  tests, 
but  a  study  of  the  results  did  not  show  that  any 
one  test  was  the  sole  factor  in  producing  the  peaks 
in  the  diagram.  One  test,  which  was  traced  as  having 
an  influence  on  a  seemingly  abnormal  percentage,  was 
conducted  in  the  open  country  when  the  velocity  of 
the  wind  was  24  miles  per  hour. 

Organic  Matter  not  from  Locomotives 

The  percentage  of  organic  matter  not  from  locomo- 
tives was  found  to  be  about  the  same  for  each  pan 
location  in  switching  yards  in  both  zones.  On  main 
lines  it  was  about  the  same  for  each  pan  location  in 
both  zones,  except  for  pan  location  No.  10,  in  which 
the  percentage  in  Zone  A  was  much  the  larger.  The 
mean  percentage  deposited  in  switching  yards  was 
highest  at  pan  location  No.  9,  or  250  feet  from  the 
center  of  track,  and  lowest  at  pan  No.  2,  or  40  feet  from 
the  center  of  track.  On  main  lines,  it  was  highest  at  pan 
location  No.  10,  or  350  feet  from  the  center  of  track,  and 
lowest  at  pan  No.  i,  or  20  feet  from  the  center  of 
track. 
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701.44    Description   and    Purposes  of    the   Tests: 

For  the  purpose  of  establishing  certain  facts  with 
reference  to  the  smoke  discharges  of  steam  locomo- 
tives, the  Committee  conducted  a  series  of  tests  upon 
a  locomotive  mounted  on  the  locomotive  testing  plant 
of  the  Pennsylvania  Railroad  at  Altoona,  Pa.  The 
facts  established  have  been  presented  in  connection 
with  the  Committee's  study  of  smoke  (chapter  105). 
During  the  progress  of  the  tests,  record  was  kept  of 
data  relating  to  the  performance  of  the  several  samples 
of  coal  tested,  and  upon  such  data  it  has  been  possible 
to  base  a  study  of  the  performance  of  the  different 
coals,  first,  in  relation  to  smoke  discharges,  and  second, 
in  relation  to  boiler,  engine  and  locomotive  perform- 
ance. The  tests  were  planned  also  to  show  the  follow- 
ing in  connection  with  each  sample  tested: 

1 .  The  value  of  the  brick  arch  in  the  locomotive 
fire-box  as  a  factor  promoting, 

a.  Economy  in  the  use  of  fuel. 

b.  A  reduction  of  cinders  and  fuel  dust  in 
smoke. 

c.  A  reduction  of  the  density  of  visible  smoke. 

d.  Reduction  of  loss  of   heat  units   in    the 
smoke  and  ash  discharges. 

e.  Boiler  efficiency. 

2.  The  value  of  experience  in  locomotive  firing 
as  a  factor  promoting, 

a.  Economy  of  fuel  consumption. 

b.  A  reduction  of  cinders  and  fuel  dust  in 
smoke. 

c.  A   reduction   in   the   density   of   visible 
smoke. 

d.  Boiler  efficiency. 

A  total  of  75  tests  was  made;  in  56  the  locomotive 
fire-box  was  equipped  with  a  brick  arch,  and  in  19  the 
brick  arch  was  removed;  64  tests  were  made  with  exper- 
ienced firemen  and  n  were  made  with  inexperienced 
firemen.  The  fire-box  was  equipped  with  a  brick  arch 
in  47  of  the  tests  conducted  with  experienced  firemen 
and  in  9  of  the  tests  made  with  inexperienced  firemen. 
The  experienced  firemen  were  men  who  had  had  actual 
work  on  the  road  in  firing  the  coals  tested,  or  skilled 
firemen  without  such  experience  supervised  by  men 
who  had  had  it.  The  inexperienced  firemen  were  men 
whose  records  showed  less  than  six  months'  work  in 
firing  a  locomotive;  they  were  permitted  to  fire  ac- 
cording to  their  own  judgment. 

The  results  of  the  tests  in  which  the  locomotive  fire- 
box was  equipped  with  a  brick  arch  show  that  the  use 
of  the  brick  arch  in  the  fire-box  gives: 

1.  An    increase    in    evaporation    and    boiler 
efficiency. 

2 .  A  decrease  in  the  amount  of  coal  consumed 
per  dynamometer  horse-power-hour. 

3.  A  decrease  in  the  density  of  visible  smoke 
emissions. 

4.  A  decrease  in  the  amount  of  cinders  and 
fuel  dust  emitted  in  the  smoke. 


5.  A  decrease  in  the  number  at  heat  unit*  lost 
in  ash  and  clinker. 

6.  An  increase  in  the  volume  of  carbon  dioxid. 
sulphur  trioxid  and  sulphur  dioxid  in  the  fates 

emitt«-il 

7.  A  decrease  in  the  volume  of  carbon  monoxid 
and  oxygen  in  the  gases  emitted. 

The  tests  in  which  the  coal  was  fired  by  inexperienced 
firemen,  when  compared  with  those  in  which  experi- 
enced firemen  were  employed,  indicate  that  incorrect 
methods  of  firing  result  in : 

1.  An  excess  of  fuel  consumption  per  unit  of 
power  delivered. 

2.  A  loss  in  boiler  efficiency. 

3.  An  increase  in  the  density  of  visible  smoke 
emissions. 

4.  An  increase  in  the  amount  of  cinders  and 
fuel  dust  discharged  in  the  smoke. 

5.  A  loss  in  thermal  efficiency. 

•  The  losses  resulting  from  incorrect  firing  were 
shown  to  be  much  greater  in  the  case  of  a  locomo- 
tive equipped  with  a  brick  arch  in  the  fire-box  than 
in  the  case  of  one  not  so  equipped. 

701.45  Coals  Selected  for  the  Tests:  The  coals 
selected  for  this  series  of  tests  were  representative  of 
the  coals  burned  in  locomotives  operating  in  the 
Chicago  terminals.  Fourteen  of  the  railroads  oper- 
ating a  very  large  portion  of  the  locomotives  in  the 
Area  of  Investigation  furnished  information  as  to  the 
amount  of  coal  delivered  to  their  locomotives  during 
the  year  191 1,  the  location  by  town,  county  and  state 
of  the  mine  in  which  the  coal  originated,  and  the 
quantity  delivered  from  each  mine.  Of  the  total 
amount  of  3,640,301  tons  so  reported,  the  different 
sources  of  origin  contributed  the  proportions  indicated 
in  the  following: 

FU  CBXT 

Illinois      ....'..'..  63-55 

Indiana     .      .     .     .     .  XJ-<*» 

Ohio    ....  »  46 

Pennsylvania °  33 

Virginia  and  W.  Va.       .  0.79 

Other  states   .     .  .0.85 


:    • 


100  oo 


Not  all  of  the  coal  delivered  to  locomotives,  as  indi- 
cated by  these  reports,  was  consumed  in  the  Area  of 
Investigation,  but  it  was  assumed  that  the  proportions 
indicated  in  the  reports  of  coal  delivered  obtained  also 
for  the  coal  consumed.  Of  all  the  coal  delivered. 
96.57  per  cent  originated  in  Illinois  and  Indiana.  For 
this  reason,  coal  from  these  two  states  only  was  selected 
for  the  tests. 

Of  the  coal  from  Illinois  alxnil  go  per  cent  originated 
in  six  counties,  and  of  that  from  Indiana  about  0.1 
per  cent  came  from  four  counties.  The  cools  selected 
for  test  were  therefore  limited  to  coal  from  these  trn 
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counties.  The  coals  tested  thus  included  samples  rep- 
resentative of  approximately  88  per  cent  of  all  the  coal 
consumed  by  locomotives  in  the  Area  of  Investigation. 
The  following  figures  show  the  county  of  origin  of 
the  coals  tested  and  the  percentage  that  each  county 
contributed  to  the  total  amount  of  coal  delivered  to 
the  14  railroads  during  the  year  1911,  for  use  in  the 
Chicago  terminals: 

ILLINOIS  PER  CENT 

Macoupin  County 26.24 


Marion 

Saline 

Sangamon 

Vermillion 

Williamson 


6-44 
4-75 
3-75 
3.63 
12.15 


Total  for  test •     56.96 

Other  counties  6.59 


Total  from  Illinois 63 . 55 

INDIANA 

Greene  County 2-45 

Sullivan     "         8.16 

Vermillion"         11.65 

Vigo           "         8.47 

Total  for  test 3O-73 

Other  counties 2 . 29 


Total  from  Indiana 


Total  from  Illinois  and  Indiana 


.       .       .  33. 02 

.       •       •  96.57 

One  car  of  coal  of  about  50  tons  from  each  of  the  ten 
counties  was  selected  at  random  from  cars  delivered 
to  the  railroads  at  Chicago  and  shipped  directly  to  the 
testing  plant  at  Altoona.  It  was  desired  that  each 
series  of  tests  should  be  representative  of  the  coal  from 
a  certain  county,  not  from  any  particular  mine  or 
mines,  and  the  name  of  the  mine  from  which  the  coal 
was  obtained  was  not  known  to  the  Committee.  The 
person  who  made  the  selection  was  not  informed  of 
the  purpose  for  which  the  coal  was  to  be  used. 

701.46  Chemical  Composition  and  Calorific  Value 
of  the  Coals  Tested:  The  chemical  composition,  as 
shown  by  proximate  and  ultimate  analyses,  and  the 
calorific  value  of  the  coals  tested  are  shown  by  table 
CDLXXXII. 

It  appears  from  table  CDLXXXII  that  nine  of  the 
coals  were  nearly  uniform  in  calorific  value.  The  range 
of  calorific  values  for  these  nine  coals  varied  from 


11,227  B.  t.  u.  to  11,919  B.  t.  u.,  the  average  being 
11,598  B.  t.  u.  per  pound  of  coal.  The  coal  from  one 
county  had  a  calorific  value  of  13,247  B.  t.  u.  per 
pound,  or  14.22  per  cent  more  than  the  average 
for  the  other  nine  coals. 

701.47  Observed  Data   and  Average  Results  of 
Tests:     The  data  recorded  in  connection  with  the 
tests,  and  the  results  of  the  tests  as  to  boiler,  engine 
and  locomotive  performance   and   smoke  discharges, 
are  presented  as  tables  CDLXXXIII  to  CDLXXXIX, 
inclusive. 

Based  upon  the  data  obtained  from  the  tests  as 
presented  by  tables  CDLXXXIII  to  CDLXXXIX, 
inclusive,  a  study  has  been  made  of  the  relative 
performance  of  the  several  test  coals  used.  The 
facts  thus  developed  are  set  forth  in  the  sections  which 
follow. 

70 1 .48  Evaporative  Values  of  the  Coal  s  Tested :  The 
actual  test  results  for  equivalent  evaporation  per  pound 
of  fuel  burned,  as  presented  in  table  CDLXXXIII, 
were  plotted  in  terms  of  rates  of  combustion,  and  a 
smooth  curve  was   drawn   through   the  points  thus 
located.     Values  were  taken  from  this  curve  for  each 
of  the  ten  samples  of  coal  when  burned  in  a  locomotive 
fire-box  equipped  with  a  brick  arch,  and  for  each  of 
four  samples  when  burned  in  a  locomotive  fire-box  not 
equipped  with  a  brick  arch.     These  values,  and  also 
a  comparison  of  the  results  obtained  from  the  same 
coals  when  burned  with  and  without  the  brick  arch, 
are  presented  as  table  CDXC. 

For  purposes  of  comparison,  the  results  of  the  tests 
as  given  in  table  CDXC  are  separated  into  groups. 
Group  BA-io  shows  results  of  tests  of  ten  coals  when 
burned  in  a  locomotive  fire-box  equipped  with  a  brick 
arch;  group  NA-4,  the  results  of  tests  of  four  of  the 
coals  most  extensively  used  in  Chicago  terminals  when 
burned  in  a  locomotive  fire-box  not  equipped  with  a 
brick  arch;  and  group  BA-4,  the  results  of  tests  of 
the  same  four  coals  when  burned  in  a  fire-box  with 
a  brick  arch,  as  taken  from  the  results  given  in  group 
BA-io. 

The  last  column  of  table  CDXC  presents  a  record  of 
the  relative  evaporative  value  of  the  several  coals, 
based  upon  the  average  value  for  all  coals  taken 
as  100. 

The  values  presented  by  the  table  were  based  upon 
rates  of  evaporation,  the  range  of  performance  varying 


TABLE  CDLXXXII.     CHEMICAL  COMPOSITION  AND  CALORIFIC  VALUE  OP  COALS  TESTED  AT  ALTOONA.  PA. 


County  of  Origin 

B.  t.  u. 
by 
Calori- 
meter 

Total 
Mois- 
ture* 

Per  Cent 

Proximate  Analysis 
Air  Dried  Samples 

Ultimate  Analysi. 

°^r 

Difference 
PerCent 

Moisture 
Pur  Cent 

Volatile 
Per  Cent 

Fixed 
Carbon 
Per  Cent 

Ash 
Per  Cent 

Carbon 
Per  Cent 

Hydro- 
gen 
Per  Cent 

Nitro- 
„  gen 
Per  Cent 

Sulphur 
Per  Cent 

A«h 
Per  Cent 

1 

2 

3 

4 

5 

6 

.7 

8 

9 

10 

11 

12 

IS 

1  1  ,;t:,s 
11,227 
13,247 
11.261 
11,527 
11.888 
11,919 
11,835 
11,561 
11.N07 

11    in 
10.56 
4.62 
12.86 
12.20 
7.95 
11.33 
10.84 
9.31 
7.95 

10.49 
8.73 
3.87 
10.74 
8.13 
6.88 
8.69 
7.56 
6.23 
4.42 

40.56 
37.81 
38.61 
40.75 
39.37 
U  M 
38.13 
40.92 
42.02 
41.50 

HI     II, 

40.33 
50.74 
38.10 
41.43 
47.10 
43.28 
40.17 
37.98 
41.08 

8.48 
13.13 
6.78 
10.41 
11.07 
10.06 
9.90 
11.35 
13.77 
13  00 

i;:i  11 
62.41 
73.59 
62.51 

n  •.':; 

67.85 
66.10 
64.85 

nj    V.I 

68.78 

5.44 
5.15 
5.17 
5.53 
5.20 
5.00 
5.30 
5.45 
5.34 
5.24 

1.04 

1.09 
1.51 
1.07 
1.33 
1.32 
1.31 
1.16 
1.16 
1.24 

4.09 
2.88 
2.35 
3.65 
2.82 
0.71 
2.80 
3.37 
4.43 
4  93 

8.49 
13.13 
6.78 
10.41 
11.07 
10.06 
9  90 
11.35 
13.77 

U    IKI 

17.M 

15.34 

1  ' 
16.83 

1.-,  ,,:, 
1.-,  in-. 

11    .Vi 

l.i  -..' 
12  41 
11.83 

Marion  (111.)  .  . 

Saline  (111  )            .    . 

Vermillion  (111.)  

Williamson  (111  ) 

Sullivan  (Ind.)         

Vigo  (Ind.)  '.....'  

Total  percentage  

100 

100 

*  In  coal  as  taken  from  the  car. 
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TABLE  CDLXXXV. 


PHYSICAL  AND  CHEMICAL  COMPOSITION  OP  SOLID  MATERIALS  IN  LOCOMOTIVE  8MOKK  AS   DETERMINED 
BY  ANALYSIS  OP  THB  DISCHAROB  PROM  A  LOCOMOTIVE  SMOKE  STACK 

(T«u  made  at  Alteon..  Pa.) 


Te.t 
Numbe 

'County  of  Origin 

R. 
P. 
M. 

Mile. 
Hour 

Brick 
Aroh 

Comparinon  ..(  Kiwi  u  K,r~l  (By  w-,«i.                     i  CMdMaBM*  «f  8MB* 

PwC 

..  •     .  ; 

l 

Coarae 
Cinden 

PlM 

Cinderi 

FlMl 

Dmt 

Total 

. 
and 

l)i.«. 

!     3.305 

2     .•- 

.   ;  i 
0.711 
2.671 
2.610 
2.105 
4.178 

7    •    ., 

Hydro- 
CarhoM 
(Tar) 

Pi 

0  005 

0   '"  '2 
II    Kit 

0  Oil 
0.011 

II 

0.011 
0  Oil 

' 
11 

Miami 
Man** 

j^ 

l  i 
0  00* 

- 

0  13* 
0  IM 

0  088 

•• 
0  044 

..' 

i 

1     • 
.• 
4  IM 

2  tl« 
2   IM 

7  OM 

1 

2 

1.090 

i     .  •• 

2     -I 

3.770 
1.747 
1.878 
1.447 
2  190 

4.057 

0  320 

..  171 

.   .  .1 

o  at 

0.159 
0  162 

11 

0  7I« 
1    IM 
1  234 
1  344 

0  73* 

•i 
- 

1.331 

2715 
2716 
2717 
2718 
•1718 
2720 
2721 
2722 
2723 
2724 

Macoupin  (111.) 

10 
-.. 
80 
100 
80 
40 
80 
80 
100 
120 

7  M 

n  .... 
M  .... 
18.33 
14  66 

7   .1:1 
II    .... 
14.66 

1-    :;, 
22  

No 

Ye. 

0.289 
0.748 
1.820 
2   611 

0.476 
..   189 
1.090 

2.778 

1  636 

- 
3  777 
5  172" 
1  761 

1:32 

•i 

4  071 

27'.". 
J7'i7 

3786 
1786 

•2700 

Marion  (111.) 

in 
80 
80 
80 

-,, 

7   .'.  . 
1  1    .... 
i  1    .... 
II    .... 
1  1    .... 

« 

..   .-.: 
1.800 
2.  606 
0.884 

:   Mil 

2     !   .'. 

1  880 
i   846 

i    n 

•   :  .1 
.-    : 
1.013 

.  ,    ;  -  '. 
.,     ... 

2   .;  , 
;  M 
..  I  • 

2     ...'. 

1  ..:  . 

.  ; 

1 

.  ••;. 
... 
0  012 

2  0*8 

l       -7 

1  477 
1  748 

- 
' 
1   Ml 
0  978 

-i 
1  130 
1  40* 

- 
0  OM 

0  104 

- 

'•' 
0  113 

0  OM 
0.04* 

'    ' 

-    • 

j| 

• 
1.840 

i       - 

6.811 

'        i 

1  921 
3  131 

*  3*1 

1790 

I7»l 
1789 

17M 

27'.  1 
•2795 

Saline  (111.) 

40 
80 

Ml 

100 
120 

-n 

7    ,,> 
II    .... 
14.66 
18.33) 
22  OOj 
1  1   ...; 

" 

..     u 
0  351 
0.991 

2.024 

i  m 

1.464 

1.227 
3  072 

4.047 
2  344 

6.302 

..    •... 
.    i-.  . 

0.740 

"    171 

3.  toft 

1    sin 
4.656 

0.811 

l      -i 

.-' 
0.00* 
0.011 

.  0.023 

.    ... 

l.MI 
1.330 

8.387 
3.0*9 

2732 
2733 

27.1  1 
2735 
2736 

•27.17 

Sangamon  (III.) 

40 
80 
80 
100 

1211 

-i, 

7     .1 
II    .... 

14.66 

1-   .::, 

1  1  .... 

» 

0.440 
0   H. 
0.448 
3.028 
0  514 

3.029 
1.211 
2.235 

2.949 
2  838 

0.018 

0    2i.| 

0.448 
0.414 

0  406 

3.093 
1.921 
3.131 

0.391 

:   7'.- 

0.011 
0.011 
0.017 

0  000 

..  ... 

1.443 
:     M 
:   H 
4.803 

-• 

1.648 
0.104 
1.144 

1.470 

• 

27  IN 

3748 

27.MI 

2751 
3768 

Vennillion  (HI.) 

411 
80 
-H 
100 

1  2'  1 

-II 

7  .;  ; 
14.66 
14  60 
18.33) 
22  001 
1  l   .... 

" 

0  362 

.,  HI.; 
1.859 

0.553 

1.564 

i    —, 

1.757 
5.376 
1  472 

i  .   515 
0    176 
0  288 

0.760 

fl    2  :7 

2.441 

2  --  ; 
3.904 

8.944 

0.028 
0.006 
0.011 

0.003 

1.412 

:   :   ' 
3.370 

7.079 

•     :i 

0.880 
1.071 
1.430 

1.734 

• 

. 
0.083 

-- 

0.13* 
0037 

;_' 
3  904 
».*44 

272-'. 
272C. 
2727 
2728 

272'i 
•27:;.' 

27'C.l 
2740 
2741 

Williamson  (111.) 

III 

80 
80 
100 
120 
80 
40 
80 

-n 

100 

-II 

7  :i  : 
14.66 
11   .... 
18.331 
22.001 
14.66 
7.33 
14.66 
14.66 
18.33 
1  I   ••-. 

No 

Ye. 

..    |  .- 
.,  (U 
1.995 
4.946 

0.294 
1.394 
0.812 

l 
..  789 

..  .,71 

2.076 
0.888 
3.922 

4  530 

2  312 
1  213 
1  797 
1.119 
1.432 
2.653 

0.500 
0.733 
1.027 

1.200 

0.780 
0   |M 
.   196 
0.191 
MM 
0.499 

.   :  ;  i 
2  181 
0.944 

10.083 

3.380 
2.800 

1    -  .7 

1.914 
1    ,-. 
4  123 

U.010 
0.003 
0.007 

0.008 
0  001 
0     - 
0.002 
0.003 
0.003 

1.564 

4.840 

7.804 

3.198 
1.860 
:    -   . 
1.187 
1.810 
2  829 

• 
'-  • 
:     . 

2.588 

1.119 
0  Ml 
0.938 
0.744 

.- 
1  215 
0*44 
-      - 
l.OM 

1659 

•  - 
0  3*1 

0  OM 
0  OM 
0  044 
0  030 
0  080 
- 
OOM 
0  153 
0  134 
0  17ft 
0  004 

1.114 
3  181 
6.M4 

10.883 

3.3M 
3.60* 

-    - 
1  914 
3.380 
4  133 

MM 
7  88* 
0  443 

- 
- 
3  012 
4  214 

7  400 

3  70* 
3.373 
3  831 
4  906 
11  M3 

274:> 

2744 

2745 
2746 

•2717 

Greene  (Ind.) 

40 
80 
80 
100 

-.1 

7.33 

11   .... 
14.66 
18.33 

1  l   ... 

» 

B  n  . 

2  006 
2  116 

;    ,  :• 

:.    27  • 

3  817 

:     .1  : 

0.504 
0.604 
0.510 
1.373 
-0  702 

2.220 
7  DM 

..   u  ; 
10.146 

-.     -i 

i 
0.008 
0  019 
0.003 
0.000 

1.311 
6.0*4 
4.314 
7.310 
3  083 

27-.ii 

mi 

27-~; 
2784 

•27---. 
27-.', 
27-7 

1788 
1788 

Sullivan  (Ind.) 

in 
-n 
80 
100 
120 
80 
40 
80 
80 

UK) 

7        . 
14.66 
14.66 
18.33) 

....  ,,.,, 

14.86 
7.33 
14  66 
14.66 

i-  a 

No 

0.8O3 
0  461 
0.927 

0.599 
0.440 

i  at 

2        •- 

.    -.  - 
1    -     . 
2  571 

4.105 

1.840 
1     IB 

l  s»." 
•1 

.    ,  ... 

0.447 
M 
0.716 

0  090 
0  261 

:      .  :    . 

0   M 

.. 

0  846 

1    IIS 

2  612 
4.214 
7.400 

2.706 

: 
2 
1.801 

i-    • 

i: 
0  015 
0.034 

0  020 

0.016 

' 
. 

M    11.11 

0  009 

1.930 
1.485 
3.863 

6.110 

1.790 
1.995 
•    i- 
8.8*6 
9.019 

1  081 
1.047 
1.234 

1.116 

0  833 
1  300 

0  Ml 
1.750 
3  03* 

0  OM 
0  006 
0.104 

0.14* 

0.0*1 
O.OM 
0  111 
0  3M 

27..0 
27K1 
17*8 
1781 
17M 

1701 

2767 
2768 
3766 

Vennillion  (Ind.) 

IM 

80 
80 
100 
120 
80 
40 
H 

|(M) 

7  33 

11    .... 
14.66 
18.33) 
22   l«i( 
14.66 
7.33 
14.66 
:i  ... 

!-     .  . 

Ye. 
No 

-'• 

0  (U 

1.133 

2  832 
1.379 

1     '-7 
_,     ,.,, 

i  .   r 

2  303 
3  041 

0  485 

3.498 
1  280 

2       •- 

4.601 

.,      •.. 

1.460 
H 
0.675 

0.091 

0.491 
0  164 
0.317 
0.4*6 
0.929 

0.938 

-       - 
4.749 

10.008 

5.308 
1.731 

• 
-     "l 
12  846 

0  001 
0.034 

0.036 

0  072 
0.002 
0  049 
U 
0  053 

3.901 

-- 
3  347 

7.484 
3  419 

'- 
4.881 
8  834 

3.874 
1  081 
1.356 

2  3M 

1  730 
- 
1  319 
3.000 
3  MO 

. 

i 

0  303 
0  163 

• 
0  308 

.      . 
10  OM 

. 

•  0*4 
13  M* 

IM 

. 

0  074 
•  M* 

2754 
2755 
1786 

2757 

27  '.x 
•2759 

Vigo  (Ind.) 

1" 

80 
80 
100 
120 
80 

,      :  . 
14.66 
14.66 

16      , 

_•_•   ..,, 
11    ... 

Y«a 

0.361 
..    ,    : 
0.799 
1.166 
1.380 

1.385 

j  m 

3  094 
4  085 
3  337 

n 

0  005 

m 

0  900 

2.049 
l 
4.498 

6  074 
5.059 

0.000 
0  012 
0.018 

0.012 
0  017 

1.0*5 
1  438 
• 
4.375 
3  810 

0*37 
' 
1  110 

I  30* 
1  043 

O  118 
0  IM 
0  IT* 
0  18* 

*  Fired  by  an  inexperienced  fireman. 
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TABLE  CDLXXXVI.     PHYSICAL    AND    CHEMICAL    COMPOSITION    OF    GASES    IN     LOCOMOTIVE     SMOKE     AS     DETERMINED     BY 

ANALYSIS  OF   THE    DISCHARGE   FROM   A   LOCOMOTIVE   SMOKE-STACK 
(Tests  made  at  Altoona.  Pa.) 


Test 
Number 

County  of  Origin 

R.  P.  M. 

Miles 
iKur 

Brick 
Arch 

Comparison  of  Fuel  as  Fired  (By  Weicht)  and  Gases 
(By  Weight—  Pounds) 

Per  Cent  of  Fuel  Find 

Carbon 

Sulphur 

Total 

Total 
Gases 

As 

(  'ill-Ill.'! 

Di- 
oxid 

As 

Carbon 
Mon- 
oxid 

Ab- 

-,,,!.,  ,1 

by 
Water 

Ab- 

-,,,|,..l 

lodme 

1 

2 

3 

4 

5 

« 

7 

8 

» 

10 

11 

2715 
2716 
2717 
2718 
•2719 
2720 
2721 
2722 
2723 
2724 

Macoupin  (111.) 

40 
80 
80 
100 
80 
40 
80 
80 
100 
120 

7  :<:( 
14.66 
14.66 

is  n 

11  .... 

7.33 
li  M 
14.66 
18.33) 
22.001 

No 
Yes 

:,7  r.j:, 
:,7  ".is 
is   77'. 
48.092 
:._•  :,i.-. 

.-,7  MM 

n  ..is 

51  553 
44.831 

0 
0 

7.173 

,.   i.-,.-. 

1    s.ll 

0 

5  303 

4    S.M, 

8.508 

0.738 
0.168 

0.054 
0.318 

0.792 
0.483 

87.261 
83  822 

2796 
2797 
2798 
2799 
"2700 

Marion  (111.) 

40 
80 
80 
80 

Ml 

7.33 
14.66 
14.66 

1  1   i,', 
14.66 

51.549 
:,1   861 

41.640 
51.803 

17   s.'s 

0 
0 
7.763 
0 

:i  .,_•:; 

n   mi 
0.482 

0.175 
0  308 

ii  i.i..-, 
0.787 

.-,-'   -Ml 
82.452 

ii  .CHI 
ii  r,7 

0  272 

n  027 

0  667 

n    I.M 

52.470 

:.l    il.t.-, 

2790 
2791 
2792 
2793 
2794 
•L'7'.ir, 

Saline  (111.) 

40 
80 
80 
100 
120 
80 

7.33 

11     1,1, 
1   1     1,., 

18.33) 

aa.ooj 

14.66 

.,7   •«..! 
61  '>:;>. 
,,i  QH 

39.511 
49  649 

1   .,.„. 
7.004 

_•  M 

25.861 

17  7:2 

,,  112.-, 

0.310 
0.728 

0  437 
0  423 

,,  ,K,:; 
n  "27 
0  352 

0.888 

M  in  i 

ii  I  us 
n   :U7 
1.081 

1.326 

u   (•;,. 

....  ns7 
,,•!   .177 
67.722 

,„,     ,,'IS 

i.7   sl7 

27:12 
2733 
2734 
2735 
2736 
••21:;- 

Sangamon  (111.) 

40 
80 

M. 

100 
120 
80 

7.33 
1  1    .,>. 
14.66 
18.33) 
22.00) 
14  66 

•' 

07.147 
87.881 
M  M 

48.263 

0 
0 
0 

5  443 
2  742 

2.371 

,,   ..  Mi 

0.213 

n   .'"7 
0.582 
1.382 

0.131 
0  841 

2  .  578 
1    2<I2 
2.200 

0.344 
1.700 

.-.'«  72.'. 
:,s  688 
H  7'.i.-. 
:.i  i.Mi 
87  90S 

27lx 
2749 
2750 
2751 
2752 
"i!7.r.:< 

Vermillion  (111.) 

40 
80 
80 
100 
120 
80 

7.33 
14.66 
14.66 
18.33) 
22.001 
14.66 

" 

.Vt  1141  > 
,M  Ma 
49.901 

40.778 

M  CM 

1    7..s 
0 
4.222 

8.783 
0 

0.446 
0.434 
0.240 
0  251 

6.048 
0.014 

0.180 

n  BJ 

0.481 

n    Us 

0.430 
0.486 

88  487 
84  871 

n  ..'II 
85  022 

272.', 
2726 
2727 
2728 
2729 
•2730 
2738 
2739 
2740 
2741 
"2742 

Williamson  (111.) 

40 
80 
80 
100 
120 
80 
40 
80 
80 
100 
80 

7.33 
1  1  r.r, 
14.66 
18.33) 
22.001 
14.66 
7.33 
1  1  M 
n  .... 
18.33 
14.66 

No 
Yes 

(Air  in 

88.488 
40.785 

56.703 

..:    :u 
..:  Ml 
a   ;-•! 
51.187 

n  in 

111,1,1,  i 

2.988 
15.081 

4.109 
0 
0 
11.708 
12.133 
0 

0.034 

,i  ,,-.: 
0.048 

M       .-,„. 

0.026 

0.003 
0.017 

0.008 

II   IU7 
0  036 
0.007 

0.037 
0.074 

M      II-.S 

ii  :t.i-2 
0.033 

88.813 
55  850 

60.870 
83  577 

1.1     I.SI, 
1,1     IB,.-. 

0.021 

0.002 

0  023 

.:.'    Ii.  1 

i:7l:i 
2744 
2745 
2746 

•2717 

Greene  (Ind.) 

40 
80 
80 
100 
80 

7.33 
14.66 
14.66 
18.33 
14.66 

56.33S 
68  ''-'• 
is   -....; 
:,i  680 
(Air  in 

0 
0 
5.943 
0 

-  in  !•:.  , 

I     ;-,., 
n  HO 
0  383 

n    -,,„, 

,,     !•„, 
n   2M 

I,  Jill 

1.388 

1   .-.:,, 
n  '.  II 
0  Ml 
1.881 

-.7  ta 

M    ',  2i  . 
M   ..121 
63.641 

27X0 
2781 
2782 
2783 
2784 
•2785 
2786 
2787 
2788 
2789 

Sullivan  (Ind.) 

40 
80 
80 
100 
120 
80 
40 
80 
80 
100 

7.33 
14.66 
14  66 
18.33) 
22.00) 
14.66 
7.33 
n  .,.. 
14.66 
18.33 

No 

51.542 

-,-,  tu 

43.772 
55.204 

.-,-,  ma 

:,.,  ...-.7 
51.991 
43.517 

5.053 
0 

8.622 

0.936 
1.257 
0 
3.773 

i,    n'H 

1.144 
0.822 

0.799 

0  722 
1.057 
0.455 
0.272 

n  .;,.,. 

6  3*2 
0.461 

1.002 

0.208 
0.382 
0.104 

II    II2S 
II     1X2 

1.486 
1.283 

1.801 

0.830 
1.438 

u  ,-,.vi 
0  300 
0.551 

88.081 
86.841 

54.185 

57.070 

:,s  mil 
.-,7  .Mi. 
:.i,  in,i 
51.062 

2760 
2761 
2762 
2763 
2764 
•2765 
2766 
2767 
2768 
2769 

Vermillion  (Ind.) 

40 
80 
80 
100 
120 
80 
40 
80 
80 
100 

7.33 
14.66 
14.66 
18.33) 
22.00} 
14.66 
7.33 
11  .... 
14.66 
18.33 

Yes 
No 

.-,2  7s., 
53.708 
52.453 

43.754 

51.567 
52.981 
52.282 
36.981 

in  ::;,M 

0 
0 
0 

4.862 

0.874 
0 
0 

12.887 
6.456 

i  BH 

_•  -•".-, 

1.006 
0.852 
1    179 

i  an 

1.388 
0.212 

II    SJI 

0  7'n 
1.359 
0.538 

0.736 

0.898 
0.892 
0  768 
0.228 

(1    ISO 

.i  „:.! 
1.541 
1.588 

1.778 

2  .  7:,s 
2.156 
0.440 
1  004 

.M    sis 
67  :<>.-' 
53.884 

50.204 

54.218 
55.738 

M    liis 
.MI  :«is 
47  Mil 

2754 
2755 
2756 
2757 
2758 
•2759 

Vigo  (Ind.) 

40 
80 
80 
100 
120 
80 

7.33 
14.66 
14.66 
18.33) 
22.00) 
14.66 

Yes 

:,.,  VH 
55  .  342 
54.722 

48.757 

-.1  

0 
0 
0 

4.388 
0 

0  825 
0.522 
0.881 

1.275 
1.990 

1   :-;_':, 
u   l.-,s 
1.725 
2.451 
2.410 

2.150 
0  680 
2.608 

3.726 
4.400 

:,s  ,;.-,:, 
56  022 
57.331 

56.871 
58.400 

Fired  by  an  inexperienced  fireman. 
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TABLE  CDLXXXVII.    SOLID  CONSTITUENTS  OP  LOCOMOTIVE  SMOKE  AS  DETERMINED  BY  ANALYSIS  or  TH«  DlfCMAROE 

PROM  A  LOCOMOTIVE  SMOKE-STACK 

(Tetli  made  at  Ahooiu.  Pa.) 


Teat 
Number 

County 
of 

Origin 

R.  P.  M. 

Mile. 

Bow 

Comi««ii.«i  of 

IVrOnlMRnl 
raw-mi  riaiMnrali 

id  CoMtltwM.  «(  tank.    B,  W^M) 

Brirk 
Arch 

Ph 

• 

f~\          A 

OMOI 

Cindm 
0 

Fin* 

•cc..l-r. 

i  , 
i.  ... 

Total 

' 

7 

too 

100 
100 
IOO 
100 

loo 

100 
100 

100 

ilrdro- 

.  ... 

(Tar) 

.    ,    ,. 
11 

as? 

Q 

,~ 

1 

2 

8 

4 

6 

7 
73  00 
00  00 

'.7    s, 

-...   |8 
•  •7  H 

71    ..1 

B  R 

53.12 

10  77 
0  87 
4.85 

c,    is 
0  43 
12  27 
•  74 

10  52 

10 

0  M 
O.O9 
0.16 
0  17 
0  42 
1  54 
0  24 
0  24 

n  M 

12 

' 

• 

2715 
2716 
2717 
2718 
•2719 
2720 
2721 
2722 
2723 
2724 

Macoupin  (111.) 

40 
80 

SCI 

100 
80 
40 
80 
80 
100 

I.'H 

7.33 

II   .... 

Is     It 

1  1  111. 
7.88 
14  68 

11  .... 
is   .,;, 
22  00) 

YM 

M 

12.55 

..,    .  . 

;s  .,7 

IH  93 
20  91 
40  70 

36  36 

.,. 
.    •'. 
7  :    |  | 

77  o« 

.  ,     . 

40.45 

H   •  '. 

H  i 

79  49 

.    • 

48.44 
28  02 

30  03 

'- 

00 

.•-  n 

17.42 

.' 
71 
74 

• 

i 

04 

M 

: 

; 

MO 

2797 
2798 
2799 

Marion  (111.) 

40 
80 
80 
80 
80 

7    i.; 
14  66 
14  66 

11   .... 
11   .... 

» 

Is   7 
84.00 
41  77 
40  H 

17  7s 

82  54 

56  50 
42  00 
71  95 

i"  a 

9  50 
M   H 
7  22 

.•i   H 

!'«' 

IOO 
100 
100 

IIM] 

..  .••. 
i   I 

B    1 

B   !• 

40.70 

i     1 
00  34 
57  5» 

•      -" 

43  34 
24  41 
37  00 
82  17 

M 

74 
04 

-• 

• 
• 
• 

2791 
2792 
2793 
2794 
»2795 

Saline  (III.) 

40 
80 
80 
100 
120 
80 

7  33 
14.66 
14.66 
18  33) 
22.00) 
11  .... 

Hi  41) 
19.05 
21  74 

29  71 
31.34 

i  ,'  i     •>  i 

,.,.  ,'.7 

67.39 
59.42 
57.12 

i  i   i" 
14.28 
10  87 

10  87 

II     M 

IIXI 

100 
100 

100 
100 

"    •' 
0  49 
0.25 

-• 

44.80 
44.44 

:     R 

77.31 

71    77 

•     .  ' 
31  22 
24  67 

B    •  - 

• 

80 
45 
41 

40 
44 

• 
MO 

• 

2733 
2734 
2735 
2736 
•2787 

Sangamon  (111.) 

40 
80 
80 
100 
120 
80 

7.33 
14.66 
14.66 
18.33) 
tt.QOl 
H    .... 

" 

1  1    li 

n  u 

14  32 
47  38 
13  68 


63.03 
71.36 

46  15 
75  .63 

13.75 
14  32 

0.47 
10  79 

IIKI 

100 
100 
IOO 

101 

H 
0.55 

0.15 
0  43 

40.44 
54  01 

.   .. 

70  00 

• 

41  47 
M  U 

11.00 

I  I 

04 

02 

74 

s 

ion 
• 
MO 

-•7  is 
2749 
2750 
2751 
2752 
•2753 

Vermillion  (111.) 

40 
80 
80 
100 
120 
80 

7  33 
14  66 
14.66 
18.331 
22.001 
II  .... 

14  81 
21  38 
47.62 

31.33 
24.45 

64  08 

,.-,  n 

45.00 
60.11 
•5.07 

21    11 
13.10 
7  38 
8.58 

III      Is 

ICX. 
100 
100 

100 
100 

0  17 
0.29 

0.03 

a  u 

..  -  . 

00.80 
70  IS 

• 

37  IS 

•     '- 

10  24 

• 

07 
54 

• 
• 

• 

2725 
2726 
2727 
2728 
2729 
'2730 
2738 
2739 
2740 
2741 
•2742 

Williamson  (III.) 

40 
80 
80 
100 
120 
80 
40 
SO 
80 
100 
80 

7.33 
14.66 
14.66 
18.331 
22.001 
14.66 
7.33 
14.66 
14.66 
18.33 
1  1   .... 

No 

V--C 

17  .•; 

28   18 
28  73 

46.30 
8.67 

!••    ,s 

29  67 
31.54 
30  59 

_•  ;  :.  i 

06.67 
38.18 

...    I- 

42.41 

68.29 
43.23 

.       '  7 
-,s    I- 
60  67 
64  34 



14  79 
11.29 

23.04 
7.09 
4.06 
10  00 
8.74 
12  12 

100 

100 

IOO 
100 

IOO 
100 
100 
100 
100 

.... 

u    .1 
0  00 
0.11 

0.08 

0  01 
B  H 

0.15 
0  07 

.  .    -- 
71  24 
00  70 

: 

04  02 

•• 
64  34 
SO  38 

n  n 

08  40 

83.41 
34.55 

20  13 

24  24 

33.00 
.     - 
33  04 
38  03 

..      • 
20  48 

12 
07 

.41 

01 
35 

41 
55 

- 
40 

MO 

too 

100 

MO 

• 
IOO 
IOO 

too 

• 

2743 
2744 
2745 
2746 
•2747 

Greene  (Ind.) 

40 
80 
80 
100 
80 

7.33 
14.66 
14.66 
18.33 

11   .... 

25.43 
32  84 
26  47 

M  n 

6M  70 

n  u 

...•  1  1 

7  65 
7  91 
13  S3 

•  :    -I 

IIXI 

IOO 
100 
100 
100 
IOO 
100 
100 

IOO 

100 
100 
100 
100 

IIX 

0.04 
0  20 
0  03 

i     1. 
' 
0  57 
0  50 

0  27 

0  54 
0  01 

-- 
• 

"  50.01 
44.10 
45  41 

- 

:-v 

•  - 

•  :   -' 
40  13 

•4.15 
!»  10 
58  00 
41.04 
00  74 

37  40 
13.44 
8284 

14  a 

30  43 

. 
01 

9 

- 

• 
• 
too 

• 
• 

J7SII 
2781 
2782 
2783 
J7M 
•2785 
2786 
2787 
2788 
2789 

Sullivan  (Ind.) 

40 
80 

SCI 

100 
120 
80 
40 
80 
80 
100 

7.33 
14.66 
14  66 
18  331 
22.001 
14.66 
7.33 
14  66 
14  66 
18.33 

No 

_•.-,  7; 

17  07 
22  00 

35.20 

22.14 
19  73 
17  39 
25  04 
20  08 

...    !.l 

71  00 
61.00 

55.47 

88.22 
70.81 
72  91 



7        ^ 

M 

II  :u 
17  00 

9  33 

9.64 

.    i- 
9  70 
8  06 
•    M 

88.71 
40  10 

.  •      - 

»  54 

- 
' 
37  04 
35  M 

--      i 

- 

H 
44 

0* 

51 
70 

42 
44 

. 

• 

IOO 
IOO 

• 
• 

MO 

. 

2761 
2762 
2763 
2764 
•2765 
2766 
2767 
2768 
2769 

Vermillion  (Ind.) 

40 
80 
80 
100 
120 
80 
40 
80 

S.I 

UNI 

14.66 
14  66 
18.331 
22.001 
14.66 
7.33 
14  66 
14  66 
18  33 

Ye* 
No 

IS     IS 

n  so 

23.85 
28.30 

25.69 
10.57 
Ji     I 
H   19 

,  ... 

•0.78 
75.31 
04.04 

64  80 

05.17 

7       " 

M.fl) 

1     i      "' 

74JOJ 

07  00 

,    s           . 

08  79 
•7.24 

-    •: 

n  R 

7  10 
12  11 

6  80 

9.14 
9.47 
8  07 
0  95 

7    . 

• 

100 
IOO 

IOO 

IOO 
IOO 
100 
100 

1CV 

1  40 
0  04 
0  51 

0  25 

1  34 
0.14 
1  37 
0  54 
0  41 
.     • 
- 
0  40 

0  10 

.     . 

-     - 
74  74 

43  00 
,. 
S»  75 
-      - 
CM  ft 

-      i 
35  35 

-- 

n  04 

31  11 
34.40 
37  3D 

2»  24 

-      ' 

•• 
- 

01 

g 

54 

41 

1 
• 

MO 

• 
MO 

too 

• 
• 
• 

-'7.-,  I 
2755 
2756 
2757 
2758 
•2759 

Vifo  (Ind.) 

III 
80 
80 
100 
120 
80 

7     .. 
14  66 
14  66 
18.33) 
22.00) 
14    CHI 

V« 

.7  ••• 

22  61 
17  70 

19   19 

-'      " 

:  c    - 

13  45 
13  55 

17.07 

IOO 
IOO 

100 

• 

52  01 

57  04 
44  76 

75  33 

- 

• 
3»  01 

20  13 

11  54 

• 

J  71       1OD    ' 

•Fired  by  an  inexperienced  fireman. 
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TABLE  CDLXXXVIII. 


GASEOUS  CONSTITUENTS  OF  LOCOMOTIVE  SMOKE  AS  DETERMINED  BY  ANALYSIS  OP  THE  DISCHARGE 
FROM  A  LOCOMOTIVE  SMOKE-STACK 

(Tests  made  at  Altoona,  Pa.) 


Test 
Number 

County 
of 
Origin 

R.P.M. 

Miles 
Hour 

Brick 
Arch 

Composition  of  Discharf* 

Per  Cent  of  Gases  (By  Volume) 

(CO,) 

(  '.-ir!,,!! 

Di- 

oiid 

Carbon 
HOD- 

oiid 

e 

gen 

(N) 
Nitro- 
gen 

Sulphur  (S) 

Total 
Gate* 

Ab- 
•orbM 

|q  \\  ,i.  t 

Ab- 
sorbed 

Iodine 

Total 

1 

2 

3 

4 

5 

6 

7 

8 

» 

10 

11 

12 

13 

L>7  1  :, 
2716 
2717 
2718 
•2719 
2720 
2721 
2722 
2723 
2724 

Macoupin  (111.) 

40 
80 
80 
100 
80 
40 
80 
80 
100 
120 

7.33 
14.66 
14.66 
18.33 
14.66 
7.33 
14.66 
14.66 
18.33) 
22.001 

No 
Yes 

12   2 
12.6 
13.6 
12.5 
8.7 
13.8 
13.9 
13.8 
(14.2 
11::  7 

0 
0 
2.0 
1.6 
0.8 
0 
1.4 
1.3 
2.1 
2.6 

0 
2.2 
0 
1.0 

7  -' 
5.9 
3.2 
3.7 
11.3 
3.6 
3.9 
2.2 
1.1) 
2.l! 

82  0204 
81.5445 

0.0742 
0.0190 

0.0054 
0.0365 

0.0790 

0  0555 

100 
100 

2796 
2797 
2798 
2799 
•2700 

Marion  (111.) 

40 
80 
80 
80 
80 

7.33 
14.90 

14.66 
14.66 

1  !    1,1, 

" 

13.0 
11.8 
11.8 
12.2 
13.2 

3.8 
5.8 
7.8 
6.0 

j  r, 

s:t  1:171 
82.3325 

0.0463 
0  0414 

n  in.,., 
0.0261 

-ii 
0.0676 

100 

l,,,i 

81.7411 

S.I     1  si  III 

0.0349 

n  nn,:i 

0.0240 

,1  Id  us 

0  0589 

u  nun 

100 

1IKI 

27UII 
2791 
2792 
2793 
2794 
•2795 

Saline  (111.) 

40 
80 
80 
100 
120 
80 

7.33 
14.66 
14.66 

is  :i:i| 
22.001 

1  1    C,li 

•• 

12.4 
12  4 
12.4 
(12.8 
111.0 
11  2 

0.2 
1.4 
0.6 
4.0 
7.2 
4.0 

:,  J 

|  .s 

-.'.  •> 

2.0) 
0.21 

S.'     1IISH 

sj  :i7is 
83.1214 
81.4617 

si   :.,:„- 

II    IKII7 

0.0232 
u  MM 

0  0455 
M  OU« 

« 
0  0020 
0.0256 

0.0928 

•i  rxi.i-. 

n  im.'ii 

II   IIJ.-.L' 

0.0786 
0.1383 

n  u.il.if 

IIKI 
100 
100 

100 
100 

2732 
2733 
2734 
2735 
2736 
*L'7:i7 

Sangamon  (III.) 

40 
80 
80 
100 
120 
80 

7  :i:i 
14.66 
14.66 

is  :i::i 
22.00) 

11  i,', 

" 

10.6 
11.3 
13.4 
(11.7 
113.3 
15.6 

0 
0 
0 
0.4 
1.6 
0  8 

-  1 

7.3 

4.8 
5.8) 
3.01 
1.6 

si!    S_'II7 

81.3113 
81.6028 

81.0445 
81.8140 

II  ll.lll 

II    nisi, 

0.0717 
0.0220 
0.0940 

n  MI  it 
0.0407 
0.1255 

0.1335 

,1     I»OI 

n   171i:i 

1,     IISS7 

0.1972 
0.1555 

II     is,,,, 

HKI 
100 
100 

100 
100 

274N 
2749 
2750 
2751 
2752 
•2753 

Vermillion  (111.) 

40 
80 
80 
100 
120 
80 

7.33 
14.66 
14.66 

IS     ,U| 

22.00) 

1  1  i,i. 

12.0 
11.5 
13.0 
(12.8 
113  0 
7.0 

0.4 
0 
1.1 
3.7 
2.8 
0 

4.2 

7.0 
3.0 
2.7) 
1.0) 

11  il 

81.4305 
81.9553 

80.7487 
81  3766 

0  03.50 
0.0434 

0.0286 
0.0121 

0.0345 
0.0013 

0.0227 
0.0113 

0  0695 
0.0447 

0  0513 
0.0234 

100 
100 

100 
100 

2725 
2726 
2727 
2728 
2729 
•2730 
2738 
2.739 
2740 
2741 
•2742 

Williamson  (111.) 

40 

80 
80 
100 
120 
80 
40 
80 
80 
100 
SO 

7.33 
14.66 
14.66 
18.33) 
22.00) 
14  66 
7.33 
14.66 
14.66 
18  33 
14  66 

No 
Ye* 

Air  in 

13.0 
(14.7 
110.0 
13.8 
16.4 
13.1 
14.3 
13.fi 
10.5 

sample 

0.7 
1.3 
3.7 
1.0 
0 
0 
32 
3.2 
0 

n  nil.'. 
0.0091 
0.0030 

0.0052 

0.0045 
0.0200 
n  Q2M 
0.0027 

n  IKKIK 
0.0013 
0.0022 

0.0016 
0.0008 

II    l«l-'l 

0  0026 
0.0007 

n  MM,, 
0.0104 
0.0052 

0.0008 

0.0053 

u  nj-'l 

(,    lilliil 

166 

100 

100 
100 
100 
100 

4.7 

2.5) 
5.2i 
3.6 
1.9 
5.4 
0.9 
1.5 
8.5 

81.5W48 
81.0932 

81.5947 
81  6778 
81.4744 
81.5966 

SO  98.W 

u  111:111 

0  0014 
0.0081' 
0.0272 
0.0178 
0.1155 
n  ius:( 

II    "It* 

100 

2743 
2744 
2745 
2746 
•2747 

Greene  (Ind.) 

40 
80 
80 
100 

SO 

7.33 
14.66 
14  66 
18.33 
14  66 

« 

6.1 

15.4 
11.4 
11.4 
Air  in 

0 
0 

1.4 
0 
sample 

1:1  I 
3.6 
6.6 
6.8 

Ml     l.il.S 

80.9311 
80  5483 
81.6351 

M  M:,:,I 
0.0417 
0.0339 

u  iiii.il 
n  ii:is:, 

(i  ni,:vj 
0.0689 
n  n:,  17 
0  1649 

II    S 

lllll 

100 
100 
100 

2780 
2781 
2782 
2783 
2784 
•2785 
2786 
2787 
2788 
2789 

Sullivan  (Ind.) 

40 
80 
80 
100 
120 
80 
40 
80 
80 
100 

7.33 
14.66 
14.66 
18.33) 
22.001 
14.66 
7.33 
14.66 
14.66 
18.33 

No 

10.2 
12.4 
(13.2 
113.2 
11.8 
8.8 
12.6 
12.4 
11.2 

1.0 
0 
0.4 
2.6 
0.2 
0.2 
0 
0.9 
1.8 

u  111,11 

11     IIS|S 

0.0692 
0.0902 

0.0578 
0.0681 
0.0377 

0  0242 

M  n:;-,7 

O.G201 
0.0231 
0.0388 

0  1132 

0.0166 
0.0228 
0.0087 
0.0242 

n  1117.', 

11.0832 
0.1079 
0.1080 

0.2034 

0.0744 

i,  ns.Vl 
n  illill 
0  0484 

(1    II.-.KJ 

166 

100 
100 

100 
100 
100 
100 
100 

6.8 
5.8 
4.2) 
2.2) 
5.4 
9.2 
6.0 
4.4 
5.0 

81.8921 
81.6920 

81.9966 

82.5256 
81.7141 
81.3536 
82.2516 
M   M08 

2760 
2761 
2762 
2763 
2764 
•2765 
2766 
2767 
2768 
2769 

Vermillion  (Ind.) 

in 
80 
80 
100 
120 
80 
40 
80 
80 
100 

7.33 
14.66 
14  66 
18.33) 
22.001 
14.66 
7.33 
14.66 
14.66 
is  :>:-. 

Yes 
No 

14.4 
8.4 
11.4 
(12.0 
112.6 
11.8 
9.0 
10.2 
13.2 
10.0 

0 
0 
0 
0.2 
1.4 
0.2 
0 
0 
4.6 
1.6 

3.2 
10.6 
6.6 
4.8) 
4.0) 
5.7 
9.2 
8.0 
4.4 
3.8 

82.1924 
80  .  7947 
81.8742 

82.8284 

82.1474 
81  624.1 
81.6423 
77.7411 

.SI     -MILS 

n    IJt.i, 
0.1256 
0.0821 

0.0922 

0  1012 
0.1189 
0.1015 
0  0284 

H  H7i;:> 

II    IISlll 

M   H71.7 
0.0437 

0.0794 

0.0514 
ii  0806 
0.0562 
0.0305 

u  Hli,7 

0  207U 

n    Jll.Vf 

0.1258 
0.1716 

0.1526 
0.1757 
0.1577 

n  M.-,S:I 
0  0932 

KMJ 
100 
100 

100 

100 
100 
100 
100 

inn 

2754 
2755 
2756 
2757 
2758 
•2759 

Vigo  (Ind.) 

40 
80 
80 
100 
120 
80 

7.33 
14.66 
14.66 
18.33) 
22.00) 
14.66 

Yes 

12.4 
8.6 
11.2 
(10.4 
110.0 
6.5 

0 
0 
0 
0.4 
0.9 
0 

5.6 
10.0 
6.8 
6.6) 
6.0) 
12.5 

si     SJT. 
81.36O4 
81.7997 
82.3133 
80.8015 

n  ni,7(i 
0  0304 
0.0679 

0.0982 
0  0899 

n    HIM; 
0.0092 
0.1324 

0.1885 
0.1086 

u    17i,.'. 
n  n:i',., 
0.2003 
0.2887 
0.1985 

100 
100 
100 

100 
100 

*  Fired  by  an  inexperienced  fireman. 
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TABLE  CDLXXXIX.     SULPHUR  IN  GASES  OP  LOCOMOTIVE  SMOKE  AS  DETERMINED  BY  ANALYSIS  OP  TUB  DI8CH 

PROM  A  LOCOMOTIVE  SMOKE-STACK 

(Trtti  made  it  Altoona,  Pa.) 


TH! 

Number 

County 
of 
Origin 

R. 
P. 
M. 

Mile. 
Hour 

Brick 
Arch 

Mulphur  (By  W««hi) 

Per  Cent 
in 
Coal 
Kired 

I'niiiiiN 

During 
Te»t 

OMIWB 

ToMl 
18 

Ii 

\            •  '   • 

by  Water 

III  Of 

<••«•!  Kind 

Ahwrbe.1 
bylodin. 

Toul 

•  l^j-—  4^,-|            AK^^^fc^J 

AOVwvIWH          .^n*OTO*o 

by  WaUr       by  loHia* 

1 

2 

8 

4 

6 

e 

7 

8 

•' 

10 

II 

18 

271S 
2716 
2717 
2718  . 
•2719 
2720 
2721 
2722 
2723 

mi 

Macoupin  (III.) 

40 
80 

Ml 

100 
80 
40 
80 
80 
100 
120 

7  :u 
14.66 
14.66 
18.33 
ii  M 
7.33 
14.66 
14.66 
18.33 

No 
Yet 

4.0ft 
4.0A 

i  a 

4.  OS 
4.0ft 
4.  OS 
I.M 
4.  Oft 
4.041 
4.  Oft) 

125  8 
.'-l   j 
MM  7 

141  ,. 

7 

M  •• 
JM  j 

444.  B 

6:738 
0.195 

0:654 
0  318 

6:702 

0.48* 

4.07 

»:M 

•- 

1.88 
7.U 

.'7'.'r, 
2797 
-•7!K 
17M 
3700 

Marion  (III.) 

40 
80 
M 
80 
80 

7.3S 
14.66 
14.66 
14.66 

1  1   i.i, 

* 

2.82 
2.82 

J  •>_• 

J      SJ 

;.',.  I 
178  5 
W7  1 

180.1 

.-.':  - 

0.490 
0.482 

••    :  . 
0.305 

,    .  , 

;-; 

.'    •- 
17  00 

M  i.l 

' 

•    •• 
:      -. 

-  . 

n  <u 

- 

..    ...- 
n    i  -.7 

0.272 

•  •  :: 

0  007 
0  1J4 

0  64 

• 

-'7!«l 
2791 
2792 
3793 

2794 

•_'7'.-. 

Saline  (III.) 

40 
80 
80 
100 
120 
80 

7  .;.; 
14.66 
14.66 
18.33 
22  00 
1  1   I'..; 

- 

J  .1  . 
2  33 
2.33 
2.33) 
2.331 
.'   I  : 

7t;     : 
120.4 
176.3 

247.7 
177  9 

0  91 

0  310 
0.729 

0.437 

0    i-'  : 

...  , 

-  tm 

I.8M 

•: 

an 

1.081 
1.326 

,,. 

: 
18.80 

.  ."• 

»  76 

- 

I.M 

r.  ii 

»  IS 
1  U 

.- 

14  46 
46  40 

MOI 

• 

ma 

2733 
1784 

2735 

.'7.:.. 

•ma 

Sunfamon  (III.) 

40 
80 
80 
100 
120 
80 

7.33 
14  66 
14.66 
18.33 
22.00 
14   HA 

'  '• 

.     ,., 

I.M 

3  56 

3  561 
3.56) 

::   -... 

I2.-I    J 
Ml    : 
336  2 

428.2 
114  7 

2.371 

0.808 
0.213 
0  859 

•  m 

a  m 

1.392 
0.131 
0.841 

:     :- 
1.808 
2.200 

0344 
1.700 

M  60 
18.91 
JO.  10 

5  08               8.6* 

-i 

• 
33  76 

- 

0  66 

i-    ' 

->74S 
1748 
2750 
2751 
2752 

•via 

Vermillion  (111.) 

40 
80 
80 
100 
120 
80 

7.33 
14.66 
14.66 
18.33 
22.00 
14   Bfl 

'• 

J     l.'l 

2  69 
2.69 
2.691 
2.  69) 

J      !,'• 

'•.-   J 
166.8 
230.4 

351.0 
.      908.6 

0.446 
0.434 

0   M 

n    L'.-,l 

0.04ft 
0.014 

0.190 
j  MJ 

0.491 
0  448 

0.430 
0  4WI 

16.  M 

.02 
M 

1  67 
0  ft2 
7.06 
•  74 

U  U 

U08 

•     - 

J7J-, 

me 

2727 
2728 
2729 
•2730 

ma 

2739 
2740 
2741 
•2742 

Williamson  (111.) 

40 
80 
80 
100 
120 
80 
40 
BO 
80 
100 
80 

7.33 
14.66 
14.66 
18.33 
22.00 
14.66 
7.33 
14.66 
14.66 
18.33 
M    till 

No 

M 

Ye. 

ii   711 
0.70 
0.70 
0.701 
0.70} 
0.70 
0.70 
0.70 
0.70 
0.70 
"   7" 

Jl   •> 
43.6 
68.1 

68.8 

42.8 
22.3 
41.8 
62.1 
49.0 
44.8 

6:634 
0.057 

0.049 
0.206 

ii    »>7 
0.026 

6:663 
0.017 

0.009 
0  027 

0.007 

::.. 

.14 

.00 
81.48 

42.43 
J.71 

• 

043 
2.43 

1.20 

- 
A.  00 
1.00 



0.037 
0.074 

- 

"   . 
. 

'     . 

ft  » 
10  47 

•  20 
31  20 
47  43 

n  I'lij 

0.20 

•      • 
7  30 
SI.  20 

3  20 

• 
^       ' 

J7.i 
2744 
2745 
2746 

•-'7)7 

Greene  (Ind.) 

40 
80 
80 
100 

80 

7.33 
14.66 
14.66 
18.33 
14  66 

"• 

2.72 
2  72 
2  72 
2.72 

J   7J 

87.3 
151.6 
216.2 
SU 
188.8 

i     ;'... 

o.soo 

a  .-. 

Q      ,.,. 

0  254 
0.204 
1.305 

1.4S> 

.  n 

•   n 

1.001 

.  .   - 
14.34 
14  06 
21.01 

..... 

J7,M 

.'7-1 

1781 
2783 

J7M 

•9788 

me 

:>7»7 

J7-- 

:7vi 

Sullivan  (Ind.) 

40         7.33 
80       14.66 
80      14.66 
100      18.33 
120      22  00 
80       14.66 
40        7.33 
80      14.66 
80      14.66 
100      18.33 

No 

3.25 
3.25 
3.25 
3.25) 
3.251 
I  U 
3.25 
3.25 
3.25 
3.25 

;..  :  - 
195.6 
276.0 

403.6 

274.8 
133.4 
190  2 
324.0 
204.1 

i'.itt 

0.822 
0.799 

d.  722 
1.057 

0    ;     , 

o  m 

,     .  . 

0.312 
0.461   • 

1.002 

0.2O8 

•    • 
0.104 
H 
0.182 

I'M 

1.283 
1.801 

• 
.    • 
• 
• 

35  20 

24.56 

.  -      - 

14  00 

»  n 

0.60 
14.  U 

ao  n 

6.40 
11  75 
3  20 
0  M 

44  M 

30  47 

M4I 

- 
44  27 
17  20 
0  23 
1606 

M  17 

T7   10 

41   S4 
44  44 

10  20 
23  «* 

mo 

J7M 

ma 
an 
mi 

*78I 
27M 

2767 

-•7iis 

17M 

Vermillion  (Ind.) 

40 
80 
80 
100 
120 
80 
40 
80 

HO 
10O 

7  n 

14.66 
14.66 
18.33 
22.00 

11   in. 
7.33 
II   .... 
14.66 
18  33 

ye. 

No 

4.28 
4  28 
4.28 
.28) 
.28) 
.28 
-•s 
.28 
.28 
•-> 

i-  .    i 
MO 

431.7 

311.9 

169  7 
282.4 
421   1 

:-     ' 

.  -•  - 
.•  m 

1.006 
0  852 

1.179 
:    IM 
H 

o  ni 

II     K.'l 

0.7V1 
1   359 
0.535 

0.73* 
0.500 

.    - 
, 

.      --• 
l 
1  541 

1.881 

1.778 

.    '   - 

0  440 

•    ' 

M.9» 
U  68 

• 

10  01 

27  M 

. 
• 
4  OS 
10-28 

10  W 

I»  61 

4i  m 

-    .- 
SI.  74 
13  SO 

17  JO 

u  on 

»  M 
17  M 
ft  33 

• 

J7.-.I 
27.V. 
2756 
2757 
17  M 

•L'7--." 

VifO  (Ind.) 

40 
80 
80 
UN) 
120 
SO 

7  :w 
14.66 
14.66 
18.33 
22  00 
1  1   ... 

Ye. 

7  . 

75 
.75 
.75) 

.75] 
78 

• 
1      • 
433  8 

5«0  1 
303.9 

'       -J 

-     H 
0.884 

1  275 
l.MO 

. 
0.158 
1  725 

2  451 
2.410 

- 
- 

8.798 

4  400 

3  11 

MOO 
•074 

u  n 

S4  01 

n  44 

0>« 

*  Pired  by  an  inexperienced  fireman. 


1 134        SMOKE  ABATEMENT  AND  ELECTRIFICATION  IN  CHICAGO 

TABLE    CDXC.     EQUIVALENT   EVAPORATION    PER    POUND  OP    DRY   COAL   WHEN    PRODUCING    AN    EQUIVALENT   EVAPORATION 
RANGING  FROM  FOUR  TO  TWELVE  POUNDS  OF  WATER  PER  SQUARE  FOOT  OF  HEATI NG  SURFACE  PER  HOUR 

(Tests  made  at  Altoona,  Pa.) 


County  of  Origin 

Equivalent  Evaporation  per  Square  Foot  of  Heating  Surface  per  Hour 

Ratine 
Per 
Cent* 

Pounds  of  Water 

4 

5 

6 

7 

- 

9 

10 

11 

12 

Avg. 

'1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

Group  BA-IO.    With  Brick  Arch 

11.7 
8.7 
10.7 
9.3 
10.7 
10.3 
10.7 
9.9 
9.7 
9.9 

9.5 
8.7 
10.7 
9.4 
10.  6 
10.3 
10.7 
10.0 
9.7 
9.9 

!i  .: 
8.7 
10.7 
9.4 
10.3 
10.2 
10.7 
10.0 
9.6 
9.7 

9.1 
8.6 
10.5 
9.4 

'1    !. 

10.1 
10.6 
9.8 
9.5 
9.5 

s  s 
8.3 
10.2 
9.3 
9.6 
10.0 
10.5 
9.6 
9.3 
'.i  :\ 

8.6 
8.1 
9.8 
9.2 
9.2 
9.7 
10.3 
9.3 
9.0 

-,     'I 

8.2 
7.8 
9.3 
9.0 
8.8 
9.3 
10.0 
8.8 
s   7 
8.5 

7.8 
7.4 
8.7 
8.7 
8.3 
s   7 
•.   «, 
8.3 
8.2 
8.0 

7.6 
7.0 
7.9 
8.2 
7.8 
7.7 
8.8 
7.8 
7.8 
7.8 

8.7 
8.2 
- 
.1 
.5 
.8 
1    .2 
.3 
.1 
.0 

93.5 
88.1 

in.-.  .; 
97.8 
liu   1 
in.;  j 
109.0 

UK,   II 

97.8 

Marion  (111  ) 

Saline  (111  ) 

Vermillion  (111  ) 

Williamson  (111.)        

Sullivan  (Ind  ) 

Vigo  (Ind  ) 

111  ii 

10  0 

97 

9.5 

9.2 

8.8 

8.4 

7.8    |    9.3 

|m   II 

Group  NA-4.    Without  Brick  Arch 

9.1 

10.2 
9.3 
9.8 

9.1 

9.8 
9.4 
9.6 

8.5 
9.4 
9.4 
9.4 

8.2 
9.0 
9.3 
9.2 

7.8 
8.7 
9.0 
8.8 

7.7 
-  1 

8.7 
8.3 

7.7 
8.1 
8.2 

77 

7.8 
7.8 
7.7 
6.9 

8.3 
7.6 
7.0 
6.0 

8.3 
8.8 
8.7 
8.4 

96.5 
101  :> 
101.1 
97.7 

Williamson  (111.)  

Sullivan  (Ind.)   

Averages  

iw.o 

Group  BA-4.    With  Brick  Arch 

Macoupin  (111.)  
Williamson  (111.)  

9.7 
10.3 
9.9 
9.7 

9.5 
10.3 
10.0 
9.7 

9.3 
10.2 
10.0 

••  i; 

9.1 
10.1 
9.8 

'••  •'• 

.  8.8 
10.0 
9.6 
9.3 

9.7 
9.3 
90 

9.3 
8.8 

s   7 

N.7 
8.3 
8.2 

7.7 
7.8 

7    s 

9.6 
9.3 

••    1 

04.6 

1U4.3 
101.1 

Sullivan  (Ind.)  

Vermillion  (Ind.)  

9.9 

9.9 

9.8 

9.8 

••    I 

91 

8.8 

8.3 

7.7 

*  "Rating  Per  Cent"  is  on  the  basis  of  the  average  for  the  group. 


from  4  to  1 2  pounds  of  water  evaporated  per  square 
foot  of  heating  surface  per  hour.  The  values  them- 
selves, in  terms  of  equivalent  evaporation  per  pound 
of  fuel,  vary  from  6.0  to  10.7  pounds  of  water. 

In  the  variation  from  4  to  12  pounds,  'an  increase 
of  200  per  cent  in  the  water  evaporated  per  square 
foot  of  heating  surface  per  hour  and  consequently 
in  the  boiler  horse-power,  there  was  a  decrease  in  the 
average  equivalent  evaporation  per  pound  of  dry 
coal  from  10.0  to  7.8  pounds  for  group  BA-io,  from 
9.7  to  7.2  pounds  for  group  NA-4  and  from  9.9  to 
7.7  pounds  for  group  BA-4. 

The  average  equivalent  evaporation  per  pound  of 
dry  coal  was  8.6  pounds  for  group  NA-4  and  9.2  pounds 
for  group  BA-4,  an  increase  of  0.6  pounds,  or  about 
7  per  cent  in  favor  of  the  use  of  the  brick  arch  when 
burning  coals  of  the  same  kind. 

701.49  Boiler  Efficiency :  Determination  was  made 
of  boiler  efficiency  as  developed  with  each  of  the  ten 
coals  tested  at  rates  of  combustion  varying  from 
30  to  100  pounds  of  coal  per  square  foot  of  grate 
surface  per  hour,  the  increase  in  rate  proceeding  by 
increments  of  10.  Values  for  boiler  efficiency  in  per 
cent  are  set  forth  for  the  several  rates  of  combustion 
in  table  CDXCI. 

In  order  to  rate  the  several  coals  tested  on  the  basis 
of  boiler  efficiency,  the  average  values  given  in  column 
10  of  table  CDXCI  were  averaged  and  the  result 
thus  obtained  was  taken  as  100.  The  highest  value 
obtained  for  any  coal  was  5 . 9  per  cent  above,  and 
the  lowest  was  7.7  percent  below,  the  general  average. 

As  the  rates  of  combustion  increased  from  30  to  100 
pounds  of  coal  per  square  foot  of  grate  surface  per 
hour,  there  was  a  decrease  in  the  average  boiler  effi- 


ciency from  75.1  per  cent  to  58.0  per  cent  for  group 
BA-io,  from  72.6  per  cent  to  55.2  per  cent  for  group 
NA-4  and  from  75.1  per  cent  to  58.2  per  cent  for 
group  BA-4.  The  presence  of  the  brick  arch  in  the 
locomotive  fire-box  was,  therefore,  responsible  for 
an  increase  of  4.4  per  cent  in  boiler  efficiency. 

701.50  Dynamometer  Horse-Power:  Each  of  the 
ten  coals  tested  was  rated  on  the  basis  of  the 
quantity  of  fuel  consumed  per  dynamometer  horse- 
power-hour, determinations  having  been  made  to 
cover  the  periods  of  the  tests  during  which  the  loco- 
motive was  developing  from  300  to  1,000  dynamometer 
horse-power.  To  obtain  comparable  values  for  the 
various  samples  of  coal,  the  values  presented  in  table 
CDLXXXIV  were  plotted  and  a  smooth  curve  was 
drawn  through  the  points  thus  located.  Values  were 
taken  from  this  curve  for  each  predetermined  rate  of 
power  developed  at  the  draw  bar,  these  rates  varying, 
as  stated,  from  300  to  1,000  dynamometer  horse-power, 
the  increase  proceeding  by  increments  of  100.  Values 
thus  obtained,  expressed  in  pounds  of  coal  consumed 
per  dynamometer  horse -power -hour,  are  shown  by 
table  CDXCII. 

To  provide  a  basis  upon  which  comparisons  might 
be  drawn,  the  average  values  presented  in  column  10 
of  table  CDXCII  were  averaged  and  the  result  thus 
obtained  was  taken  as  100.  Ratings  of  the  several 
coals,  expressed  in  per  cent  of  this  average,  are  given 
in  the  last  column  of  the  table.  From  the  ratings  thus 
established,  it  appears  that  for  six  of  the  coals  the 
average  quantity  consumed  per  dynamometer  horse- 
power-hour was  less  than  the  general  average,  for  two 
of  the  coals  it  was  the  same  as  the  general  average 
and  for  two  others  it  was  more  than  the  general 
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TABLE  CDXCI. 


BOILER  EFFICIENCY  UNDER  RATES  OP  PIRINO  VARYtNO  PROM  jo  TO  loo  POUND*  Of  COAL 
PER  SQUARE  POOT  OP  ORATE  SURPACB  PER  HOUR 
(Tests  nude  at  Alteon*.  P«.) 


County  of  Origin 

I'..,,,,,!.  ,,(  Co.1  Find  pn  Square  Foot  of  OrmU  Murfa*.  on  ttamf 

£ 

•7  .1 

M  • 

l«l  o 
K*  • 

W  0 
KM  t 
•71 

to 

10 

W 

W 

711 
P»r  Ont 

H 
I'.-r  Cent 

to 

- 

•03 

M  7 
M.8 

• 
•  1  1 
63  7 
82.2 
• 
M  7 

»rw 

• 

MO             W9 

- 
U  2             W  • 

-    . 
• 
70  o 
n  : 

MO 
87.*             M  1 
NO 

PerCenl 

P.,Cen( 

IV,  (    .„, 

P.r  Cent 

1 

2 

3 

4 

8 

6 

Oroup  BA-10.     With  Brick  Arch 

Macoupin  (III.)    . 

73.6 

US   7 
74.5 
72.0 
81.0 
78.4 
7-<     • 
71.8 
78.5 
71    0 

71.7 
68.0 
72.8 
72.0 
78.2 
77.8 
78.7 
71.3 
78.2 
7.-  2 

00  4 

... 
70.2 
71  8 
78.8 
78.6 
77.5 
70.4 
73.1 
90.7 

67.0 

..i 
«7.8 
71  0 
72.7 
73  0 
7  .    : 

N  1 

70.6 
67  2 

64.  H 
82  1 
64.7 
.   .    i 
70  2 
09.7 
72.0 
67.3 
67  7 
64.7 

59  A 
61.6 
66  9 
67  7 
66  0 

H    • 
• 

64.6 
82.2 

64  4 

Marion  (III.)  

Saline  (111.)    . 

Sangamon  (111.)  
Vermillion  (111.)  .  .  . 
Williamson  (III.)  

Greene  (Ind.)  

Sullivan  (Ind.)  

Vermillion  (Ind.)  .  .  . 

Vigo(Ind.)  

Avengei  

7S   1 

71   7 

7J  n 

.,•!       X 

67.3 

..I    i 

*o  s 

•l 
• 

M  2 

MO               i-7 

63  5             S3  9 
82  2 

MO 
52  0              (Ml 

too  o 

• 
• 
W  » 

100  0 

Group  NA-4.     Without  Brick  Arch 

Macoupin  (III.)  .  .  . 

71.4 
75.5 
70.3 

7.;  i. 

80    7 
72.0 
69.1 
72  0 

,,.;  M 

M  i 

70.0 

60  2 
08.8 

iH    - 

'•7     : 

88.8 
63.9 

89.0 
88  7 
89.1 

-     i 

Williamson  (III.)   . 

Sullivan  (InH.)  

Vermillion  (Ind.)  

Average*  ia.o             ow.»             01  .t             ot.o             M    . 
Oroup  BA-4.    With  Brick  Arrt, 

M  J 

•:  : 

•  •    i 

Macoupin  (111.)  .  .  . 

73.6 

7-    t 
71.8 
76.5 

71.7 
77.5. 
71.:) 

7.-,   '2 

68.4 
75.6 
70.4 
73.1 

67.0 
73.0 
•  | 

70.8 

84.8 

H    7 

•  7     : 

67.7 

62  5 
68.0 
68.0 
64.6 

HO  3 
61.8 
62.2 

•  '    J 

MO             (U  • 

^    - 
• 
578              M  J 

£i 
A? 

Williamson  (III.)   

Sullivan  (Ind.)  

Vermillion  (Tf>H  )   .                                  * 

Avenge*  |      76.1 

73.9 

72.1 

..7    I 

64   5 

81    l 

• 

•"Rating  Per  Cent"  is  on  the  basis  of  the  average  for  the  group. 


TABLE    CDXCII.       QUANTITY    OF    DRY    COAL    CONSUMED    BY    TEST    LOCOMOTIVE    PER    DYNAMOMETER    HORSE-POWER-HOCR 
WHEN  DEVELOPING  PROM  300  TO  i.ooo  DYNAMOMETER  HORSE-POWER 

(Tests  made  at  Altoona.  Pa.) 


County  of  Origin 

Dynamc 
600 

meter  Hone-Power 

Ar»rmf* 

Poaixfe 
ofCwl 

to 

4.8 
49 

4.1 
42 
4  2 

ti 

4.8 
41 
4.1 

300 

400 

800 

TOO 

800 

900 

•• 

Pounds 
of  Coal 

Pounds 
of  Coal 

Pounds 

of  Coal 

Poundii 
of  Coal 

Pounds 
of  Coal 

Pounds 
of  Coal 

Pounds 
of  Coal 

Pounds 
of  Coal 

1 

2 

3 

4 

5 

e 

7 

a 

i  - 

0 

!i 
.1 
«!• 

4.0 
4.2 

1 

~~iT~ 

4.1 
4.2 
4.1 

J:? 

4.8 
4.8 

i    i 

Group  BA-10.     With  Brirk  Arch 

Macoupin  (111  ) 

4.6 
5.7 
4.7 
4.9 
4.7 
4.7 
4.5 
5.2 
4.6 
5.0 

4.3 
8.0 
4.3 
.6 
.3 
.4 
.2 
.6 
.2 
.5 

4.2 
4.6 
4.0 
4.3 
4.1 
4.2 
3.9 
4.3 
4.0 
•.    • 

4.1 
4.4 

3.8 
4.1 
40 
3.9 
3.7 
4.1 
3.8 
i    > 

4.1 
4.4 
3.8 
3.9 
4.0 
3.8 
3.6 
4.1 
3.8 
4.0 

.1 

9 
.0 
.9 
8.1 

43 
3.9 
4.1 

4.0 

4.6 
43 
4.4 

' 

Marion  (111.)  .  .  . 

.Saline  (III  ) 

Vermillion  (111  ) 

Williamson  (111.)  

Sullivan  (Ind.)  

VigoUnd.):....'  

Average*  

4.9 

4.4 

4.2 

4.0 

l     • 

i 

4.4 

4.8 

Oroup  NA-4.    Without  Brick  Arch 

Macoupin  (111.)          

4.8 
4.6 
5.4 
4.9 

4.8 
4.3 
4.8 
4.8 

4.8 
4.2 
4.4 
4.3 

4.6 
4.2 

4.3 

i    • 

4.6 
4.3 
4.3 

4.3 

i    i 

4.8 

4.8 

47 
4.7 

4.4 
4  • 

8.1 
8.1 

4.8 

4  4 
4  7 
4.8 

Williamson  (III.)  
Sullivan  (Ind.)  

VermUlion  (Ind.)  

Average*  

4.9 

4.8 

4.4 

i    i 

i    1 

4.6 

4.8 

1  « 

Oroup  BA-4.     With  Brick  Arab 

Macoupin  (111.)  
Williamson  (111.)  
Sullivan  (Ind.)  
Vermillion  (Ind.)  

4.8 

4.7 
5.2 
4.6 

4.3 
4.4 

4.6 

l   2 

4.2 
4.2 
4.3 
4.0 

i   J 

4.1 
3.9 
4.1 
3.8 

4.0 

4.1 
3.8 
4.1 
8.  8 

3.9 
4.3 

39 

4.2 
4.1 
4.8 

4.0 

4.4 
45 
4  8 
4  8 

4  a 

4  2 

4.1 

4  1 

4  8 

Average*  

1   - 

4.4 

4.0 

4.1 

i    - 

4  5 

• 
11 


• 

9?  7 
•7  7 
»7  7 
M  4 
104  7 
M.3 

100  n 


•7  7 
KM  7 

•*  a 


*  "Rating  Per  Cent"  is  on  the  basis  of  the  average  for  the  group. 
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average.  The  highest  average  consumption  was  14 
per  cent  more,  and  the  lowest  average  consumption 
was  1 1. 6  per  cent  less,  than  the  general  average. 

The  minimum  average  quantity  of  dry  coal  consumed 
per  dynamometer  horse-power-hour  was  obtained  when 
the  rate  of  power  developed  was  approximately  600 
dynamometer  horse-power.  The  amount  of  coal  con- 
sumed per  unit  of  power  developed  was  nearly  uniform 
for  eight  of  the  coals  when  developing  1,000  dynamom- 
eter horse-power,  but  there  was  a  very  wide  variation 
in  results  obtained  from  the  other  two  coals  tested, 
one  being  much  above,  and  the  other  much  below,  the 
average.  Several  of  the  coals  produced  between  1,100 
and  1,250  dynamometer  horse-power. 

In  the  determinations  made  at  the  various  rates  of 
power  developed,  from  300  to  1,000  dynamometer 
horse-power,  there  was  a  decrease  in  the  average  quan- 
tity of  dry  coal  consumed  per  dynamometer  horse- 
power-hour from  4.9  to  4.4  pounds  for  group  BA-io, 
from  4.9  to  4.8  pounds  for  group  NA-4  and  from  4.8 
pounds  to  4.5  pounds  for  group  BA-4.  The  decrease 
in  amount  of  coal  consumed  per  unit  of  power  developed 
was  much  greater  for  the  tests  in  which  the  fire-box 
was  equipped  with  the  brick  arch  than  for  those  in 
which  the  brick  arch  was  removed. 

The  average  amount  of  coal  consumed  per  dyna- 
mometer horse-power-hour  was  4.6  pounds  for  group 
NA-4  and  4-3  pounds  for  group  BA-4,  a  decrease  of 
0.3  pounds  or  6.5  per  cent  in  favor  of  the  brick  arch 
when  burning  coals  of  the  same  kind. 

701.51     Density    of    Visible    Smoke    Discharges: 

Observations  of  the  density  of  the  smoke  discharges 
emitted  from  the  locomotive  stack  were  taken  at 
intervals  during  each  test.  The  readings  thus  taken 
for  each  of  the  test  coals,  as  set  forth  by  table 
CDLXXXIII,  were  plotted  and  a  curve  was  drawn 
through  the  points  so  located.  Values  were  taken 
from  this  curve  corresponding  to  rates  of  combustion 
ranging  from  30  to  100  pounds  of  coal  per  square  foot 
of  grate  surface  per  hour,  the  increase  proceeding  by 
increments  of  ten.  Values  thus  obtained  are  pre- 
sented in  table  CDXCIII. 

The  average  values  presented  for  the  different  coals 
in  table  CDXCIII  were  averaged  and  the  result  thus 
obtained  was  taken  as  a  basis  upon  which  the  relative 
density  of  the  visible  smoke  emitted  in  the  case  of  each 
coal  tested  might  be  rated. 

From  the  ratings  thus  established,  it  appears  that 
as  the  rate  of  combustion  increased  from  30  to  100 
pounds  of  coal  per  square  foot  of  grate  surface  per 
hour,  the  average  smoke  density  increased  from  21.8 
per  cent  to  34.7  per  cent  for  group  BA-io,  from  31.1 
per  cent  to  49.9  per  cent  for  group  NA-4,  and  from 
21.8  per  cent  to  35.1  per  cent  for  group  BA-4.  These 
facts  indicate  that  the  presence  of  the  brick  arch  in 
the  fire-box  results  in  a  decrease  of  33.2  per  cent  in 
the  emission  of  visible  smoke  from  the  stack. 

By  studying  the  values  given  in  table  CDLXXXII 
and  those  in  table  CDXCIII,  a  relation  was  established 
between  the  volatile  matter  and  fixed  carbon  in  the 
coal  and  the  density  of  visible  smoke  discharges. 
Within  the  limits  presented  by  the  coals  tested,  how- 
ever, it  appears  that  the  density  of  smoke  discharges 
is  not  affected  by  the  composition  of  the  coal. 


701.52  Quantity  of  Cinders  and  Fuel  Dust  Con- 
tained in  the   Smoke  Emissions:     The  quantity  of 
cinders  and  fuel  dust  emitted  in  the  smoke  discharges- 
was  determined  for  each  coal  tested  and  for  the  various 
rates  of  combustion  employed  with  each  coal.     The 
values  presented  by  results  of  the  tests  were  plotted 
and  a  curve  drawn  through  the  points  thus  located. 
Readings  were  taken  from  this  curve  of  different  rates 
of  combustion,  varying  from  30  to  100  pounds  of  coal 
per  square  foot  of  grate  surface  per  hour,  the  increase 
proceeding    by    increments    of    ten.     These    values, 
grouped  in    the  same    manner  as  the    results  pre- 
sented  in  preceding    tables,    are  set  forth  as  table 
CDXCIV. 

The  values  presented  in  the  last  column  of  table 
CDXCIV  indicate  the  relative  ratings  of  the  several 
coals  based  upon  the  average  emission  rates  of  all  coals 
tested.  From  these  values  it  appears  that  the  amounts 
of  solid  matter  emitted  in  the  smoke  discharges  of  the 
several  coals  varied  greatly.  The  reasons  for  this  wide 
variation  of  values  for  different  coals  are  not  apparent. 
The  rate  of  emission  of  solids  increased  in  all  cases  as 
the  rate  of  combustion  increased  from  30  to  100  pounds 
of  fuel  per  square  foot  of  grate  surface  per  hour,  this 
increase  being  from  3.15  per  cent  of  the  fuel  fired  to 
6.94  per  cent  for  group  BA-io,  from  2.62  per  cent  to 
ii. S3  per  cent  for  group  NA-4  and  from  3.72  per  cent 
to  6.34  per  cent  for  group  BA-4.  The  average  values 
for  solids  emitted  in  smoke,  in  all  cases  in  which  the 
rate  of  combustion  was  more  than  50  pounds  of  fuel 
per  square  foot  of  grate  surface  per  hour,  were  less 
for  tests  in  which  the  brick  arch  equipment  was  used 
in  the  fire-box  than  for  tests  in  which  the  brick  arch 
was  omitted,  and  the  total  average  values  for  all  rates 
of  combustion  show  that  the  brick  arch  is  responsible 
for  a  reduction  of  24.8  per  cent  in  the  amount  of  solids 
emitted  in  smoke. 

701.53  Chemical  Composition  and  Calorific  Value 
of  the  Cinders  and  Fuel  Dust  Contained  in  Smoke 
Emissions:     The  samples  of  solid  materials  collected 
during  the  tests  were  analyzed  to  determine  their 
chemical    composition    and    calorific    value.     DeteY- 
minations  were  made  for  nine  of  the  ten  samples  of 
coals  when  burned  in  a  locomotive  equipped  with  a 
brick  arch  in  the  fire-box  and  for  four  coals  burned  in 
a  locomotive  not  so  equipped.     Comparison  was  made 
also  between  three  of  the  coals  when  burned  with  and 
without  the  brick  arch  equipment.     The  results  of  the 
analyses  are  presented,  for  dry  cinders  and  dust,  in 
table  CDXCV  and  for  wet  cinders  and  dust  as  taken 
from   the  cinder  arrester,  in  table  CDXCVI.     The 
quantities  in   these   tables  were  obtained  from    the 
results  of  one  test  with  each  of  the  nine  coals  burned 
with  the  brick  arch  in  the  fire-box,  and  from  the  re- 
sults of  one  test  with  each  of  the  four  coals  burned 
without  the  brick  arch. 

From  the  values  presented  in  tables  CDXCV  and 
CDXCVI,  it  appears  that  the  heat  units  per  pound 
of  dry  cinders  and  fuel  dust  averaged  546  B.  t.  u.,  or 
5.7  per  cent  less  with  the  brick  arch  than  without,  for 
the  three  coals  tested  with  and  without  the  brick  arch. 

The  average  calorific  values  of  the  cinders  and 
dust,  compared  with  the  average  calorific  values  of 
the  coals,  are  given  in  table  CDXCVII. 
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TABLE  CDXCIII.     SMOKE  DENSITIES  (RINGELMANN  SCALD  BXPRI 

(Tests  made  at  Altoona.  Pa.) 


County  of  Origin 

I'nmi.U  . 
M 

(  Cii>l  Kirr.1  ,».,  *|iur*  Foot  of  Oral*  Hurtam 

'•"                70                                  on 

MO 

1 

10 

f't 

.11. 

10 

IVr  <Vnt 

IV,  (MI. 

1'.  r    I'.  M 

IV,  <v,,, 

Ptr  Cent 

i. 

T 

l     -   . 
• 

1 

> 

8 

4 

-, 

Group  BA-IO.     With  Bnrk  Arch 

Maooupin  (HI.)  .  .  . 

22  0 
2fi.O 
J>.   ) 
l'i  n 
22,0 
12  ft 
1S.O 
M   • 
24.0 
23.fi 

20.0 
16.5 
24.fi 
18.0 
22.0 
13.  ft 
11.0 
27.0 
19.0 
22.5 

14.0 

.'I    • 

I-   '. 

14.  ft 
10  0 
M   '• 
18.0 
21.8 

20.  ft 
14  0 

-'  . 

ia.o 

16  0 
11.0 

18.8 

Jl    0 

22  ft 
15  0 

I    , 

22  0 
18.6 

II  ii 
26  0 
19.8 
21  0 

26  0 
IS.O 

:    • 
2ft  ft 
..' 
22  0 
19  A 
2*  0 
24  0 
21  0 

Jl    i 

38  0 
26  0 
53  5 

.11.  II 

30  ft 
22  0 

23.  » 

-•' 
- 
. 
29.0 
22  ft 

J-.     x 

41.  ft 

28  0 
SO.O 

II    • 

I  .    l 

38  o 

• 

MS 

24.0 

n  " 

- 
- 
25  0 

.1  ; 

M  1 
!•  0 
»4  0 

a  .3 

23  3 
19  3 

in  it 
»  0 
23  4 
23  3 

104 

M 
M 
•  1 

in 

•* 

94 

Marion  (111.)  

Saline  (111.)  

Sangamon  (III.)  .  .  . 

Vermillion  (111.)  ... 
Williamson  (111.)  
Greene  (Ind.)  .    . 

Sullivan  (Ina.)  

Vermillion  (Ind.)  .    . 

Vigodnd.)  ;.. 

Avenge*  

Jl     .X 

19.4 

I"  ii 

19.  « 

21    1 

Group  NA-4.    Without  Hrirk  Arch 

Macoupin  (111.)  

25.  0 
18.fi 
44.0 

:;:  i. 

26.5 
20.0 
45.0 
30.  S 

29.0 
21.0 
46.0 

jx  5 

32.0 
22.  ft 
48.0 
28.6 

32  H 

:i:.  ii 
24.0 
50  0 

:il  ii 

45  0 
31.0 
69  ft 

MO 

!•.      . 

ss 

u 

•  j 

M 
•     W 

M  1 

100  0 

Williamson  (III.)  

Sullivan  (Ind.)  

Vermillion  (Ind.)  

Average*  

31.1 

.;,,  5 

31.1 

:i.-,  (i 

IX      1 

Group  BA-4.    With  Brick  Anh 

Macoupin  (111.)       

22.0 
12.5 
28.5 

Jl  n 

20.0 
13.  ft 
27.0 
19.0 

20  0 
14.5 

M  '. 

lx    ii 

20.5 
16.0 
26.0 

l>     •, 

22  5 
18.5 
26.0 
19  5 

26  0 
22  0 

Jl  0 

30.5 
26  0 

n  • 

29  0 

360 
31  0 

- 

24  7 
19  3 
2»  0 
23  4 

102  4 

130  3 
•7   1 

ion  o 

Williamson  (III.)  

Sullivan  (Ind  ) 

Ycrmillion  (Ind.)  

Averages  

.'I   x 

I'.i  " 

19.8 

Jll  .1 

21  6 

.-•    '. 

-i    ' 

*  "Rating  Per  Cent"  is  on  the  basis  of  the  average  for  the  group. 


TABLE  CDXCIV.     CINDERS   AND   FUEL    DUST  IN  SMOKE    EMISSIONS   EXPRESSED  IN   PER  CENT  OP  PUEL    PIRED  WHEN  BURN- 
ING  COAL  AT  RATES  RANGING  PROM  30  TO  TOO  POUNDS  PER  SQUARE  FOOT  OP  GRATE  SURFACE  PER  HOUR 

(Tests  made  at  Altoona.  Pa.) 


County  of  Origin 

Pounds  of  Coal  Fired  per  Square  Foot  of  Grate  Hurfam  per  Hour 

30 

40 

50 

60 
Per  Cent 

70 

!•.  r  Ci  •  t 

80 
Per  Cent 

90 
Per  Cent 

t 

100 

A~-  \TS\ 

I'.r  (Yi,t 

Per  Cent 

Per  Cent 

Per  Ceat 

• 

Per  Ceat 
10                 11 

1 

2 

3 

4                   ft 

6 

* 

Group  BA-10.     With  Brick  Arab 

2.55 
2.88 
2.10 
2.90 
2.56 
2.85 
3.79 
3.06 
6.42 
2.43 

2.36 
3.42 
1.90 
2.32 
2.73 
2.80 
6.95 
2.76 
4.32 
3.42 

2.25              3.29 
2.83              3.60 
2.70              4.00 
2.05             2.66 
3.03             3.70 
2.65             2.20 
7.34             6.53 
2.92             3.73 
3.45              4.17 
4.29              4.40 

4.32 
4.62 
4.78 
3.18 
4.51 
1.99 
7.62 
4.42 
4.95 
4.49 

ft.  49 
5.96 
5.23 
4.05 
5  53 
2.10 
8  73 
ft.  08 
6.21 
4.7S 

6  60 
7.07 
5.89 
4.80 

•      • 
2.20 

ft.  TO 
7.44 
8.03 

7.80 
8  30 
6  30 
S.7S 
7.88 
- 
10  91 
6.39 
-    '- 
8.3> 

M. 
-'  ion 

07          m 
n 

S3  W. 

.3*             83. 
71            IS* 
3S             •* 
138 
M              M 

Marion  (111  )            

Saline  (III.)     

Sangamon  (111.)  
Vermillion  (111  ) 

Williamson  (III  )                   

Greene  (Ind.)  
Sullivan  (Ind.)  
Vermillion  (Ind.)  
Vigo  (Ind.)  

Averages  

3  r. 

::   2R 

3.35 

l    51 

•    II 

• 

•  M 

M  IOO  > 

Group  NA-4.     Without  Brick  Arch 

2.38 
3.01 
3.36 
1.67 

2.46 
2.59 
2.88 
2.51 

2.56 
2.30 
2.69 
3.50 

3.22 
4.04 
3.53 
4.92 

4.11 
5.8ft 
4.34 
6.30 

ft  20 
7  25 
6  48 
8.17 

6  ftft 

x    HI 
II.  4ft 

10  3n 

a  08 
»  n 

1*  4» 

12  a* 

33  77 
36  94 

40  111  1 
»  113  S 

Williamson  (111.)  
Sullivan  (Ind  )     

Vermillion  (Ind.)  

2.61 

2.76 

3.93 

ft.  15 

6  78 

1.  13 

11    VI 

' 

Group  BA-4.     With  Brick  Anh 

2  55 
2.85 
3.06 
6.42 

3.72 

2.36 
2.80 

J  71 
4  32 

2.25 
2.65 

-•    •- 
3.45 

3  29 
2  20 
3.73 
4   .7 

4  32 
1  99 
4  42 
4  9ft 

3  »3 

5  49 
3  10 
50* 
6  21 

4  73 

5  TO 
7  44 

3  49 

7  M) 

2  a* 

«  3* 

n  n 

8  34 

87  1 
117  0 
4  » 

Williamson  (111.)  
Sullivan  (Ind.)     

Vermillion  (Ii»d  )  -  -  ,  ,  -  ,  

Averages  

3.05 

2.82 

3  35 

•  "Rating  Per  Cent"  is  on  the  basis  of  the  average  for  the  group. 
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TABLE  CDXCV.     CHEMICAL  COMPOSITION  AND  CALORIFIC  VALUE  OP  DRY  CINDERS  AND  FUEL  DUST  IN  SMOKE  EMISSIONS 

(Tests  made  at  Altoona,  Pa.) 


County  of  Origin 

Brituh 
Thermal 
Unit* 

Proximate  Analysii  * 

Sulphur 
Per  Cent 

Weight  in 
Per  Cent 
of  Coal  Fired 

Volatile 

M  ,11.  - 
Per  Cent 

Fixed 

1  •,:!...:. 

Per  Cent 

Ash 
Per  Cent 

1 

2 

3 

4 

5 

e 

7 

Group  BA-9  —  With  Brick  Arch 

9803 
9156 

7xxx 
SMI  7 

xxxx 

8431 

V,..,, 

MM 

9067 

10.63 
8.45 
13.36 
11.85 
11.92 
14.70 
10  M 
11.07 
13.22 

,,i   xx 

,.M      ]X 

I'.i   7x 
56.01 

,-.7  H 

51  U 

M  n 

.  ;   M 
56.61 

27.49 
31.37 
88  H 

32.14 
M  51 
32.47 

M  n 

J7   M 
30.17 

2.86 
2.08 
3.57 
2.45 
2.00 
2  53 
2.64 
3.19 
3.68 

6  24 
4  56 
3.13 
3.90 
1.91 
6.44 
4.21 
3.06 
4  50 

Williamson  (111  )                                                        

Vigo  (Ind.)  

,.,;•, 

11.79 

56.80 

31.41 

2.78 

4.22 

Group  NA-4—  Without  Brick  Arch 

M            '     (111  ) 

9261 
M17 

torn 
ma 

10.19 
9.93 
9.19 

8.99 

:...   M 
58  7'. 

:.7    .,1 
...'    '.7 

31.31 

;;   H 

3.20 
1.81 
2.43 

3    l.< 

5.16 
6  94 
4.91 

7   .». 

Sullivan  (Ind  )                                                     

Vermillion  (Ind.)  

MH 

9.58 

68.80 

31.62 

8.03 

Group  BA-3—  With  Brick  Arab 

Williamson  (111  )                                                          

xxxx 

MM 

9A24 

11.92 
10.95 
11.07 

57.57 

H  n 

.1!     M 

M  n 

.  i   U 

n  jt 

2.00 
2.64 

:t   lit 

1.91 
4.21 

:i  .». 

Vermillion  (Ind.)  

Averages  

9064 

11.31 

-.r  •<- 

Ml   71 

2.61 

Group  NA-3  —  Without  Brick  Arch 

Williamson  (111  )                         

9817 
OK 
9742 

9.93 
9.  IB 
8.99 

M    7. 

•-.   11 

31.31 

a.M 

jx  U 

1.31 
2.43 
3.13 

6.04 
I  »1 
7  08 

Vermillion  (Ind.)  

Averages  

.„.!,, 

••   ..7 

59.15 

.11     M> 

6.31 

*The  totals  of  columns  3,  4  and  5  equal   loo  per  cent. 


TABLE  CDXCVI.     CHEMICAL  COMPOSITION  AND  CALORIFIC  VALUE  OF  CINDERS  AND  FUEL  DUST  IN  SMOKE  EMISSIONS 

(Tests  made  at  Altoona,  Pa.) 


County  of  Origin 

British 
Thermal 
Unit* 

Toul 
Moisture* 
Per  Cent 

Proximate  Analjnfet 

Per  Cent 

'.  ;  .-•'.•- 
Per  Cent 

Volatile 

\!    ...  • 

i-..  .  ml 

[      V     • 

«     U    <• 
P«|    <    ,  :.l 

]••  rOM 

1 

2 

» 

4 

5 

6 

7 

N 

Group  BA-fl  —  With  Brick  Arch 

Marion  (111.)..  . 

9242 

7>  77 
8671 

UM 

S167 
8868 

CI2SI1 

MO? 

24.63 
5.22 
4.12 
22.01 
88    I" 
4.00 
1.36 
7.83 
15  42 

5.72 
1.72 
2.67 
2.76 
3.38 
3.13 
1.36 
3.51 
1.76 

10.02 

^  n 

11.52 
11.52 
14.24 
10.80 

|o   i;s 

1.  

M    .1 
H  18 

i-  r. 

M    17 

51.18 

M    "7 

:;  ..; 

..    88 
88  88 

.,i   88 

....      ,x 

H    r, 

..:   77 

88  i  • 

88  -i 

2  70 
2  04 
3.47 

I  93 
j  18 
j  80 

3  62 

Saline  (111.)  

Sangamon  (111.).  

Vermillion  (111.)  

Williamson  (111.).     ... 

Greene  (Ind.)  

Sullivan  (Ind.)  

Vigo  (Ind.)  

Averages  

x.,7x 

11.67 

2.89 

11  45 

55.14 

80  n 

2.70 

Group  NA-4—  Without  Brick  Arch 

..OI'I 
9307 
9170 
9572 

3.76 
20.47 
16.13 
2.64 

2.29              9.96 
5  20              9.41 
1.08              9.09 
1.74                883 

18    -'7 
18    71 

81    ix 

:_•    lx 

33.14 

.'7   N 

3.13 
1.24 
2.40 
3  08 

Williamson  (111.)  

Sullivan  (Ind.)  

Vermillion  (Ind.)  

Averages  

9275 

III   7:. 

1  88               8    tt 

a  _••• 

30.81 

2  46 

Group  BA-3  —  With  Brick  Arch 

Williamson  (111.).... 

8588 

s-nij 
9286 

j.i     |,i 

1.36 
7.83 

3.38 
1.36 
3.51 

11.52 
10.80 
10.68 

-.-  M 
54.07 
M    £ 

29.48 
33.77 

M   I  •: 

1.93 
2.60 
3  08 

Sullivan  (Ind.)  

Vermillion  (Ind.)  

Averages  

8812 

9.86 

2.75 

11     1  H  1 

J.,    x.. 

2.M 

Group  NA-3—  Without  Brick  Arch 

Williamson  (111.)  .  . 

9307 
9170 
9572 

20.47 
16.13 
2.64 

5.20 
1.08 
1.74 

9.41 
9.09 
8.83 

65.71 

:.,,  ..... 

61.48 

29.68 
33.14 
27.95 

1.24 
2.40 
3  08 

Sullivan  (Ind.)  

Vermillion  (Ind.)  

9350 

13.08 

2.67 

9.11 

57.96 

30.26 

2.24 

*  As  collected  in  the  depository  arrester. 

t  The  totals  of  columns  4,  5,  6  and  7  equal  100  per  cent 
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, 


TABLE  CDXCVII.     AVERAGE   CALORIFIC   VALUES  OF   CINDERS 

AND  DUST  COMPARED  WITH  THOSE  OP  COAL 

(Te«U  made  at  Altoona.  Pa.) 


Heat  Unit* 

Contained  in  thf            ll.-.n  1  r.n  - 

Group 

<'in.lcni  nnil  Duit 
Per  Pound  of  Coal 
Buriuil 

Contftimil  in 
theCoali 
B  t.  u. 

PerCen 
Low 

B.  t.  u. 

1 

a 

3 

4 

HA  -'.« 
N  \    1 
BA-3 
NA-3 

877 

at 

277 
MM 

II,  MIS 

1I.OH1 
11.781 
11.761 

3.10 
4  92 
1.M 
B.l« 

The  heat  units  rejected  in  the  dry  cinders  and  fuel 
dust,  per  pound  of  coal  fired,  were  equivalent  to  3.19 
per  cent  of  the  calorific  value  of  the  coal  for  group 
BA-9,  to  4.92  per  cent  for  group  NA-4,  to  2.36  per  cent 
for  group  BA-3  and  to  5.16  per  cent  for  group  NA-3. 
The  average  values  for  the  three  coals  tested  with  and 
without  the  brick  arch  indicate  that  the  heat  loss  in 
cinders  and  fuel  dust  discharged  in  the  smoke  is  54.3 
per  cent  less  when  the  brick  arch  is  used  than  when 
it  is  omitted. 

From  a  comparison  of  the  ratings  of  the  ten  coals, 
in  which  the  average  quantity  of  cinders  and  fuel  dust 
contained  in  the  smoke  emissions  is  expressed  in  per 
cent  of  the  general  average  for  the  ten  coals,  when 
burning  the  coals  at  rates  ranging  from  30  to  100 
pounds  per  square  foot  of  grate  surface  per  hour, 
it  appears  that  seven  of  the  coals  averaged  less  than 
the  general  average  and  three  averaged  more.  The 
highest  rate  of  emission  was  69.2  per  cent  more,  and 
the  lowest  47.6  per  cent  less,  than  the  general  average. 

From  a  comparison  of  equal  weights  of  cinders  and 
dust  obtained  from  burning  three  of  the  coals  in  a  fire- 
box with  and  without  a  brick  arch,  it  appears  that  when 
burned  with  brick  arch  the  cinders  and  dust  contain : 

Heat  units        5.7  per  cent  less 

Volatile  matter 20.7  per  cent  more 

Fixed  carbon     .      . 2.6  per  cent  less 

Sulphur 14.0  per  cent  more 

Determinations  were  made  of  the  quantities  of  tar, 
carbon,  ash  and  sulphur  contained  in  the  cinders  and 
fuel  dust  emitted  in  smoke  at  rates  of  combustion 
varying  from  30  to  100  pounds  of  coal  per  square  foot 
of  grate  surface  per  hour,  the  increase  in  rate  pro- 
ceeding by  increments  of  ten.  The  test  values  were 
plotted  in  the  usual  manner  and  readings  were  taken 
from  the  diagrams  thus  prepared  to  correspond  to  the 
rates  of  combustion  mentioned.  These  values  for 
the  various  samples  of  coal  grouped  as  in  previous 
presentations  are  given  in  tables  CDXCVII  I  to  DI, 
inclusive. 

From  the  values  presented  in  table  CDXCVIII  it 
appears  that,  with  the  brick  arch  in  the  fire-box,  the 
maximum  average  rate  of  emission  of  tar  for  the  ten 
coals  occurred  at  the  lowest  rate  of  combustion,  or  at 
30  pounds  per  square  foot  of  grate  surface  per  hour, 
and  the  minimum  average  rate  of  emission  occurred 
when  the  rate  of  combustion  was  about  50  pounds. 
Without  the  brick  arch,  the  maximum  average  rate 
of  emission  of  tar  occurred  when  the  coal  was  burned 
at  a  rate  of  70  to  80  pounds  per  square  foot  of  grata 
surface  per  hour,  but  the  average  rates  of  emission  of 
tar  were  practically  uniform  for  all  rates  of  combus- 


tion. The  total  average  ratal  of  emission  of  tar  for 
the  same  four  coals  when  burned  with  and  without  the 
I 'rick  arch  wrrr  identical. 

From  the  values  presented  in  table  CDXCIX  it 
appears  that,  with  the  brick  arch  in  the  ftre-box.  the 
maximum  average  rate  of  emission  of  carbon  for  the 
ten  coals  occurred  at  the  highest  rate  of  combustion. 
or  at  100  pounds  per  square  foot  of  grate  surface  per 
hour,  and  the  minimum  rate  of  emission  of  carbon 
occurred  at  the  lowest  rate  of  combustion,  or  at  to 
pounds.  Without  the  brick  arch,  the  maximum  rate 
of  emission  of  carbon  occurred  at  too  pounds  of  coal 
per  square  foot  of  grate  surface  per  hour  and  the 
minimum  occurred  at  30  pounds.  The  total  average 
rates  of  emission  of  carbon  for  the- same  four  coals  were 
24  per  cent  less  with  the  brick  arch  than  without. 

From  the  values  presented  in  table  D  it  appears 
that,  with  the  brick  arch  in  the  fire-box,  the  maximum 
average  rate  of  emission  of  ash  for  the  ten  coals  occurred 
at  the  highest  rate  of  combustion,  or  at  too  pounds  of 
coal  per  square  foot  of  grate  surface  per  hour,  and  the 
minimum  average  rate  of  emission  of  ash  occurred  at 
the  lowest  rate  of  combustion,  or  at  30  pounds.  For 
the  four  coals  burned  without  the  brick  arch,  the  rela- 
tion between  emission  rates  of  combustion  was  essen- 
tially the  same.  With  the  same  four  coals,  the  total 
average  rate  of  emission  of  ash  was  27  per  cent  In* 
with  the  brick  arch  than  without. 

From  the  values  presented  in  table  DI  it  appears 
that,  with  the  brick  arch  in  the  fire-box,  the  maximum 
average  rate  of  emission  of  sulphur  for  ten  coals 
occurred  at  a  rate  of  combustion  of  100  pounds  of  *Wrl 
per  square  foot  of  grate  surface  per  hour,  and  the  mini- 
mum rate  of  emission  of  sulphur  occurred  at  about  50 
pounds.  For  the  four  coals  tested  without  the  brick 
arch,  the  maximum  average  rate  of  emission  of  sulphur 
occurred  at  a  rate  of  combustion  of  100  pounds  of  coal 
per  square  foot  of  grate  surface  per  hour,  and  the  mini- 
mum at  about  40  pounds.  For  the  same  four  coals, 
the  total  average  rate  of  emission  of  sulphur  was  14 
per  cent  less  with  the  brick  arch  than  without. 

701.54  Chemical  Composition  and  Calorific  Value 
of  Ash  and  Clinker:  The  proximate  analyses  of  the 
ash  and  clinker  which  passed  through  the  grate  during 
certain  of  the  tests  and  the  heat  value  of  these  dis- 
charges  were  determined  both  for  dry  ash  and  for  Mb 
as  taken  from  the  pit.  The  results  of  these  deter- 
minations are  presented  in  tables  DII  and  Dili.  The 
quantities  in  these  tables  are  obtained  from  the  results 
of  one  test  with  each  of  the  nine  coals  burned  with  the 
brick  arch  in  the  fire-box,  and  from  the  results  of  one  test 
with  each  of  the  four  coals  burned  without  brick  arch. 

For  the  nine  coals  tested  with  the  brick  arch  in  the 
fire-box,  the  number  of  heat  units  contained  in  the 
dry  ash  and  clinker,  as  shown  by  table  DII.  ranged 
from  1,467  to  6,209  B.  t.  u..  and  averaged  4.008  B.  t.  u. 
per  pound  of  ash  and  clinker. 

For  the  three  coals  tested  with  the  brick  arch  in  the 
fire-box,  the  number  of  heat  units  contained  in  the 
dry  ash  and  clinker  ranged  from  1.467  to  4.184  B.  t.  u., 
and  averaged  3,273  B.  t.  u.  per  pound  of  ash  and 
clinker.  For  the  same  coals  tested  without  the  brick 
arch,  the  corresponding  range  was  fn»m  3.191  to  4.758 
B.  t.  u..  and  the  average  was  4,105  B.  t.  u.  per  pound. 
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TABLE    CDXCVIII.      QUANTITIES  OF   TAR  CONTAINED  IN  THE  CINDERS  AND  FUEL  DUST  EMITTED  IN  SMOKE  FROM  A  LOCO- 
MOTIVE SMOKE-STACK  WHEN  BURNING  COAL  AT  30  TO  100  POUNDS  PER  SQUARE  FOOT  OP  GRATE  SURFACE  PER  HOUR 

(Tests  made  at  Altoona,  Pa.) 


County  of  Origin 

Pounds  of  Coal  Fired  per  Square  Foot  of  Grate  Surface  per  Hour 

30 

10 

50 

60 

70 

80 

90 

100 

Avenge 

Per  Cent 

Per  Cent 

Per  <'.-i.i 

PerCenl 

Per  Cent 

Per  Cent 

Per  Cent 

PerCent 

PerCenl 

1 

2 

3 

4 

6 

6 

.7 

8 

• 

10 

Group  BA-10.     With  Brick  Arch 

0.032 
0.008 
0.012 
0.020 

u  "_•_• 
11.01:1 
0.012 
x 
0  DM 
0.051 

0.018 
0.011 

n  ii,.'. 
0.015 
0.012 
0.009 
0.006 
0.023 
n  ,,.;_• 
0.027 

0.006 
0.011 

II    HUM 

0.012 
n  006 

n  009 

n  in... 
0.016 

0.012 

0.011 

M     UK) 

0.014 

ii  ,«,., 
n  m:i 
0.018 
n  iij] 
,i  i,ii\ 
0.015 

0.010 
0.013 
0.012 
0.017 
0.010 
0.003 
0.013 

u  on 

,,  ,,_•! 

0.017 

0.011 
0.015 
0.014 
0  015 

- 

M  ,«•,! 
0.008 
0.022 
n  OM 
0.017 

0.011 
0.017 
0.016 
0.012 

n  MM; 
0.002 

,1    IMI| 
II    "-'-' 

0  015 

0.011 
.,  OK 
0.018 
0.011 
0  005 
0.002 
0.002 
0.021 
0  OSS 
0.014 

0.013 
0  013 
0  013 
n  OK 

,,  .,,,, 
0  005 

U    1.1.1 

..  il.M 

.1     M.il, 

0  021 

Marion  (111.)  

Saline  (111  )                                      

Vermillion  (111  )     

Williamson  (111  )                           

Sullivan  (Ind  )     .  .                

Vigo  (Ind.)  

Averages  

0.030 

0.016 

0  009 

M  ni:; 

n  nil 

0  014 

M  ni:t 

.1  013 

Group  NA-4.    Without  Brick  Arch 

:. 
0.013 
0.028 
0.008 

0.003 

I,    IB  ,7 

0.025 
0  028 

0.002 
0.002 
0.022 
0.048 

0.003 
0.003 

n  ,,..-. 

0.046 

0.006 
0.043 

II    HMX 

..  on 

0.043 

0.010 
0  007 
0  014 
0.048 

0.013 

,,  ,K,7 
,,  MMI 
0.052 

,.  ,»„•, 
0.006 

a  .'.M 

0  040 

Williamson  (111.)  

Sullivan  (Ind  )                              

Averages  :  . 

0.014 

'ii'li. 

0.019 

0.019 

0.021 

0  021 

0  020 

n  "lx             0  018 

Group  BA-4.    With  Brick  Arch 

0.032 
0.019 
0.038 
0.086 

0.018 

i 

i  .  on 

0.032 

0.006 

0.016 
0.006 

0  MM 

,i  om 

o  on 
0.016 

0.010 

1 

0.024 

0.011 

i 

0  024 

0.011 
0.002 
0.022 
0.025 

0.011 

0.021 
0.025 

0.013 

I.  .«,.-, 
..  osi 

0.030 

Williamson  (111  ) 

Sullivan  (Ind  )  

Averages  

0.044 

0  021 

0.012 

:. 

M  015 

0.015 

(i  in.-. 

,,   mx 

TABLE  CDXCIX.    QUANTITIES  OF  CARBON  CONTAINED  IN  THE  CINDERS  AND  FUEL  DUST  EMITTED  IN  SMOKE  FROM  A 
LOCOMOTIVE  SMOKE-STACK  WHEN  BURNING  COAL  AT  30  TO  too  POUNDS  PER  SQUARE  FOOT  OP 

GRATE  SURFACE  PER  HOUR 
(Tests  made  at  Altoona.  Pa.) 


County  of  Origin 

1'     indl   .  :    i      <;    !  .:•    i    |-  :    -  i  ,  ,-•     1  ..   •    ..;    QMt    late  1   1-  r    ll-.ir 

10 

40 

60                 60                 70                 80                 90 

100              Average 

Per  Cent  of  Fuel  Fired 

1 

•i. 

3 

4 

5 

6 

7 

8 

9 

10 

Group  BA-10.     With  Brick  Arch 

.77 
.84 
.38 
.39 
.50 
.90 
2.37 
1.88 
3.69 
1.32 

1.51 
2.00 
1.27 
1.19 
1.62 
1.84 
4.51 
1.62 
2.60 
1.92 

.33 
.57 
.91 
.14 
.87 
.71 
4.80 
1.76 
2.20 
2.67 

2.25 
2.30 
2.93 
1.68 
2.27 
1.35 
4.29 
2.45 
2.78 
2.79 

3.14 
3.06 
3.53 
1.93 
2.95 
1.23 
5.20 
2.99 
3.41 
2.99 

4.21 
4.16 
3  91 
2  72 
3  91 
1.40 
6.12 
3.46 
4.42 
3.24 

1  .•-• 
6.01 
4.31 
3.49 
4.87 
1.67 
7.03 
3.88 
6.41 
3.53 

.33 
.98 
.75 
.27 
.82 
.79 
.92 
.39 
.61 
.79 

3.22 
3.24 
3.00 
2.21 
3.10 
1.00 

2.77 

Marion  (111  ) 

Saline  (111.)  

Vermillion  (111  ) 

Williamson  (111.)  

Sullivan  (Ind.)  

Vigo  (Ind  ) 

Averages  

1   ..in 

2.01 

2.09 

2.50 

::  MI 

3.75 

4  43 

6.16 

3.11 

Group  NA-4.     Without;  Brick  Arch 

1.51 
1.95 
1.99 
0.89 

1.46 
1.77 
1.71 
1.40 

1.44 
1.66 
1.56 
2.06 

2.00 
2.85 
2.10 
3.19 

2.81 
4.11 
2.63 
4.28 

3.81 
5.09 
4.24 

|      Ml 

5.78 
7.94 
7.13 

6.41 
6.43 
11.72 
8.68 

3.06 
3.71 
4.24 

I    Ii. 

Williamson  (111  ) 

Sullivan  (Ind.)  

Vermillion  (Ind.)  

Averages  

1.69 

1.59 

1.68              2.54 

3.45 

1    7'. 

6.47 

8.31 

.(  -:> 

Group  BA-4.     With  Brick  Arch 

1.77 
1.90 
1.88 

:\  i-.'i 

1.51 
1.84 
1.62 
2.60 

1  33 
1.71 
1.76 
2.20 

2.25 
1.35 
2.45 

J     TV 

3.14 
1.23 
2.99 
3.41 

4.21 
1.40 
3.46 
4.42 

5.22 
1.57 

3.88 

5  41 

6.33 
1.79 
4.39 
6.61 

3.22 
1.60 
2  80 
3.88 

Williamson  (111  ) 

Sullivan  (Ind.)  

Vermillion  (Ind.)  

Averages  

2.31 

1.89 

1.75 

•-•    .'I 

2.69 

3  :n 

1  02 

1   7i. 

J     XX 
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TABLE  D.     QUANTITIES  OP  ASH  CONTAINED  IN  THE  CINDERS  AND  FUEL  DUST  EMITTED  IN  LOCOMOIW  SMOKE  WH«X 
BURNING  COAL  AT  30  TO  loo  POUNDS  PER  SQUARE  FOOT  OF  GRATK  SURPACTC  PER  MOOR 

(TnU  made  at  Altnoiui.  Pa.) 


County  of  Origin 

Pouadf  of  Coal  Find  per  Sqww*  fool  «*  On**  •vfcw  pw  •••» 

M 

10 

Ml 

»               -                 •           A~_ 

taOMtlfMfM 

1 

9 

I 

4 

. 

.          5 

OroapBA-10.    With  Brlek  Arah 

Maroupin  (111.)  

0.87 
1  02 

1.41 
0.»3 
0.87 
1.32 
1  05 
2.41 
0.97 

0.78 
1.30 
0.59 
l.OA 
1.02 
0.00 
2.30 
1  04 
I.M 
1.37 

0.85 
1.17 
0  74 
O.M 
1.14 
0.90 
2  39 
1.07 
1    14 
1.58 

,,  ,, 

1.15 
1  01 
0  09 
1  35 
0.81 
2.10 
1   17 
1  26 
:    i 

l     12 
1.37 
1.18 
1.14 
1.48 
0  73 
2.27 
1.30 
1  39 

1      :.' 

:      • 
1  57 
1    21 
1    23 
1.51 
' 
2  45 

L8 

1  M 

i 
1    7« 
1  27 

in 

1    '.7 

1  «7 
1  «4 

1    II 

' 
1  «• 
1   M 

1  83 

2  0» 

' 

07» 

1  33 

1  «• 

Miiniin  (III.)... 

Saline  (111.)  

Sangnmon  (111.)    

\.-rtnillion  (111.)  

Williamson  (111.)  

Greene  (Ind.)  

Sullivan  (Ind.)  

Vermillion  (Ind.)  

Vigo  (Ind.)  

Averages  

1.13 

1.20 

1   18 

:    .•: 

l.SS 

1  43 

'      . 

Group  NA-4.     Without  Brick  Arch 

0.81 


1.2S 
0.74 

"    'M 

0.75 
1.07 
1.02 

1.08 
0  59 
1  03 
1.30 

1.14 

I    l.t 
1.30 
i   M 

1     !'• 
1  67 
1    -,7 
1.83 

I.M 

2  07             .'   In 
2  07               3  2A 
1    .  1               2  93 

I.M 

t  3D 
4   42                100 
1  91 

Willinmion  (111  )  

Sullivan  (Ind.)     

Averages  

0.94 

0.9S 

1.00 

1  28 

1.57 

1.  91 

-    i 

194 

Group  BA-4.    With  Brick  Aroh 

Macoupin  (III.)  .  .  . 

0.67 
0.87 
1.05 
2.41 

0.76 
0.90 
1.04 
1.54 

0.85 
0.00 
1.07 
1.14 

0  98 
0.81 
1.17 

1    .'•• 

1  12 
0.73 
1  30 
1.39 

1    19 
0  87 
1  48 
1  62 

1  24 

0  IM 

IM 

oS 

2.08 

i?i 

i  a 
i  « 

Williamson  (III  ) 

Sullivan  (Ind.)     . 

Vermillion  (Ind.)  

Averages  

1   .•:. 

1  08 

0  99 

1.08 

1.14             134 

1  M 

14*             1  It 

TABLE  DI.     QUANTITIES  OP  SULPHUR  CONTAINED  IN  THE  CINDERS  AND  FUEL  DUST  EMITTED  IN  LOCOMOTIVE  SMOKE 
WHEN  BURNING  COAL  AT  30  TO  loo  POUNDS  PER  SQUARE  FOOT  OP  GRATE  SURFACE  PER  HOUR 

(Test i  made  at  Altoona.  Pa.) 


County  of  Origin 

Pounds  of  Coal  Tired  per  Square  Foot  of  Grate  DuHace  per  Hour 

30 

IM 

SO 

M 

70 

•0 

Per  Cent 

90 

Per  Cent      Per  Cent 

• 

> 

PerCent 

PerCent 

IVr  I  •  nl 

PerCenl 

!••  r  i  ral 

• 

.     •  • 

1 

3 

3 

4 

5 

It 

Group  BA-10.    With  Brick  Arch 

Macoupin  (111  ) 

0.078 

n  1)12 

,1      M|x 

!!   ins 
n  imi 

,,    HXX 
'    J.'i 

0.072 
0.019 
0.031 

M  07.x 
0  051 
0.134 
0   "77 
0.148 
0.103 

0.064 

n  .,7'. 
0.041 

Q  954 

0.141 
0.074 
0   IM 

"  Hi 

0.052 
0.139 
0.050 

o!o7i 

0.122 

0.114 
0.145 

.  .  ... 

o  —  oooo—  —  —  — 
bbbbbbbbbb 

0  079 

-•-' 
0  088 
- 
- 
.- 
0  152 
0.118 
M 
0   173 

0119           0179 
0  163           0.110 
O.OM           0101 
0088           0.08* 
0111           0115 
0  OM           0018 
0.178           0.188 
0128           0  139 
0  16.1           0.185 
0.175           0.198 

eeoeeeeeee 

tEESHSlEl 

Marion  (111  ) 

Saline  (III  )                     

Vermillion  (111  )    

Williamson  (III  )                                                  .... 

Sullivan  (Ina  )                                            

Vigo  (Ind.)  

Averages  

M  on 

M  an 

0  108 

0   119 

0  134            0   Ux 

OMU 

Group  NA-4.    Without  Brick  Arch 

Macoupin  (III.)   . 

I,  11x7 
0.092 
0  032 

O.O57            0.058 
0.063            0  O48 
0.075            0  i>7x 
0062            0092 

0.077 

'    '   • 
•' 
0  124 

0.104 
. 
0.112 
0  167 

0  142 

O.OM 

i 

0  180           0  117 
0  111            0  183 

o  at        o  x» 
O.M1      1    t.»« 

0   III 
0  080 
0  148 
0  IM 

Williamson  (III  )              

Sullivan  (Ind  )      

Vermillion  (Ind.)  

Average*  1     0.067 

0  064 

0.111 

0  144 

0100           0  189 

0  lift 
t  Ul 

Group  BA-4.     With  Brick  Arch 

0  079 

.' 

II     MX 

0  146 

Macoupin  (111  )                                 

0.078 

i 

0  234 

0  072 
0  051 
0  077 
0.148 

0.064             0  052 
O.OSS           0.037 
0074 
0.104            0.114 

0  05O 

n    KIX 
0.126 

0  1»           0  179 

o  on        o  ou 

0  l»            0  139 
0  185            0  185 

Williamson  (111  )                   

Sullivan  (Ind  )                                        

Vermillion  (Ind.)  

Average*..,  

n  UK 

>:       '    0  070          0.073 

:•> 

•• 

• 
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TABLE  DII.     CHEMICAL  COMPOSITION  AND  CALORIFIC  VALUE  OF  DRY  ASH  AND  CLINKER  PASSED  THROUGH  THE  GRATE 

(Tests  made  at  Altoona,  Pa.) 


County  of  Origin 

British 
Thermal 
Units 

Proximate  Analysis0 

Sulphur 
Per  Cent 

Weight  of  Ash 
and  Clinker  in 
Per  Cent  of 
Coal  Fired 

Volatile 
Matter 
Per  Cent 

Fixed 
Carbon 
Per  Cent 

Ash 
Per  Cent 

1 

2 

3 

4 

5 

e 

7 

Group    BA-9.     With  Brick  Arch 

Marion  (111.)  .  .  . 

5521 

4208 
3077 
4457 
1467 
6209 
4168 
4184 
2779 

7.7« 
4.86 
7.99 
„  MI 
5.62 
12.34 
4.27 
9.24 
7.33 

:u  sj 
17.25 

Js    VI 

13.90 
32.83 

Js   .;-. 
Jl   <C 
17.18 

57.42 
65.59 
74.76 
64.21 
80  48 
,M    s;i 
,,7  :;:, 
66.74 
75.49 

2.83 
1.55 

1    s.-, 

1.65 
0.48 
1.73 
2.35 
3.17 
1    7J 

19.98 

s   i,l 
U    Ii: 
15.02 
n  :.s 
14.26 
15  03 
i'i  IK; 
15.49 

Saline  (111.)  

Sangamon  (111.)  

Vermillion  (111.)  .  . 

Williamson  (111.)  .                 

Greene  (Ind.)  

Sullivan  (Ind.)  

Vermillion  (Ind.)  .  .  . 

Vigo  (Ind.)  

Averages  

UK  IS 

7  39 

25.22 

67  42 

1    '.U 

14.  HI 

Group  NA-4.     Without  Brick  Arch 

Macoupin  (111.)  .  . 

4080 

I7:.s 
3192 
4634 

s    17 
8.14 

6.88 

24  82 
26.37 
25.10 

,;n    M 

Ii7    Ml 
,,-.     )•> 
69.01 

..J   71 

3.91 
0  52 
2.24 
3.30 

PI   s4 
U   J'.' 
I.I   s... 
18.73 

Williamson  (111.)  .  . 

Sullivan  (Ind.)  

Vermillion  (Ind.)  

Averages  

4166 

7.27 

H    '.7 

2.49 

13  »4 

Group  HA-.!.     With  Brick  Arch 

Williamson  (111.)  .  . 

1467 
4168 
4184 

4.27 
9.24 

!.;  •.<• 
-'s    US 
24.02 

su    |s 
1,7  :i:. 
66  74 

ii    i- 
2.35 
3.17 

1  1    .Vs 
15.03 

i'.  IK. 

Sullivan  (Ind.)  

Vermillion  (Ind.)  

Averages  

-;j7i 

..  .is 

22.10 

71     V 

2.00 

U  JJ 

Group  NA-3.     Without  Brick  Arch 

Williamson  (111.)  .  . 

I7:,s 
.,.,_. 
4634 

8.14 

,,  -., 

.•',    17 
25  10 
30  38 

H  I1' 
69  01 
62.74 

0.52 

_•  Jl 
3.30 

U    J'l 

1  ;  v. 
18.73 

Sullivan  (Ind.)  

Vermillion  (Ind.)  .... 

Averages  

4195 

6.97 

J7    JS 

,;•,  7'. 

J  .u 

II   '17 

*  The  totals  otcolumns  3,  4  and  5  equal  xoo  per  cent. 


TABLE  Dili.     CHEMICAL  COMPOSITION  AND  CALORIFIC  VALUE  OP  ASH  AND  CLINKER  PASSED  THROUGH  THE  GRATE 

AS  DELIVERED  TO  THE  LABORATORY 
(Testa  made  at  Altoona.  Pa.) 


County  of  Origin 

British 
Thermal 
Unit* 

Total 
MoiMure* 

Proximate  Annlysist 

«s, 

Mouture 
Per  Cent 

Volatile 
MatU-r 
PerCent 

Fixed 
Carbon 

1'.  •   <  .  M 

Aih 

P.  r    <    .  ,.t 

1                                                                            234 

6 

6 

7                   8 

Group  BA-9.     With  Brick  Arch 

Marion  (111.)  .  . 

5430 
4180 
3O48 
MM 
1457 
6041 
4105 
4121 
2748 

26.29 
22.10 
4.24 
M  M 
15.76 
23.01 
14.51 
22.19 
15.83 

1.65 
0.67 
0.95 
1.62 
0.69 
2.71 
1.50 
1.61 
1.10 

7.63 
4.83 
7.91 

|  H 
12.01 
4.21 
9  10 
7.25 

34.24 

j"  U 
17.09 

js  :,j 
13.81 

ii   'M 
J7   M 

16  99 

M   is 
58  r. 

71    M 
63.17 

7'i   "J 
U  M 

,.,,    ;: 
.r,  71 
71   i,i, 

2.78 
1.64 
1.83 
1.62 
0.48 
1.68 
2.32 
3.12 
1.70 

Saline  (111.)  .  . 

Sangamon  (111.).  .  . 

Vermillion  (111.)  . 

Williamson  (111  ) 

Greene  (Ind.)  .  . 

Sullivan  (Ind.) 

Vermillion  (Ind.).  . 

Vigo  (Ind.)  

Averages  

MMfl 

18.69 

1    3S 

7.24 

24.84 

,.,,    M 

1.90 

Group  NA-4.    Without  Brick  Arch 

Macoupin  (111.) 

4040 
4651 
3170 

l.-.7s 

27.21 
27.53 
17.74 

0.97 
2.24 
0.70 
1.20 

8.09 
7.96 

:,  -:, 
6.80 

Jl     ^ 
U   7- 
Jl    'U 
30.01 

,.,,    ;,. 
i.l   "J 
68  :,.; 
',1   'i'i 

3.87 
0.51 
2.22 
3.36 

Williamson  (111.)  .  .  . 

Sullivan  (Ind.)  .  . 

Vermillion  (Ind.) 

Group  B 

4110 

\  ::.     U-,l, 

20.44 
3rick  Arch 

1.28 

7.18 

26.32 

i,:,  jj 

2.47 

Williamson  (111.)  .  .  . 

1457 
4105 
4121 

15.76 
14.51 
22.19 

0.69 
1.50 
1.51 

5.58 
4.21 
9.10 

13.81 
J7    M 
23  66 

79.92 
66.33 

,,-,  7.: 

0.48 
2.32 
3.12 

Sullivan  (Ind.)  .  .  . 

Vermillion  (Ind.)  

Group  NA-3.     Without 

17.49 
Brick  Arch 

1.23 

6.30 

21  81 

70.66 

1  97 

Williamson  (111.)... 

4051 
3170 

4578 

27.53              2.24 
17.74              0.70 
9.28               1.20 

7.96 
5.85 
6.80 

25.78 
24  92 
30.01 

64.02 
H   || 

61.99 

0.51 
2.22 
3.26 

Sullivan  (Ind.)  

Vermillion  (Ind.) 

Averages  4  133 

18.18               1.38 

6.87 

ji;  'in 

i.l    s:, 

2.00 

*  Total  moisture  in  the  ash  and  clinker  as  taken  from  the  ash-pit  below  the  grate, 
t  Air  dried  samples.     The  totals  of  columns  4.  s,  6  and  7  equal  loo  per  cent. 


APPENDIX 


For  the  nine  coals  tested  with  the  brick  arch,  the 
average  calorific  value  of  the  coals  was  11,808  B.  t.  u. 
per  pound,  and  the  ash  and  clinker  that  passed  through 
the  grate  contained  an  average  of  586  B.  t.  u.  for  each 
pound  of  fuel  fired,  or  4.96  per  cent  of  the  calorific  value 
of  the  fuel. 

For  the  three  coals  tested  with  the  brick  arch,  the 
average  calorific  value  of  the  coals  was  11,761  B.  t.  u. 
per  pound,  and  the  ash  and  clinker  that  passed  through 
the  grate  contained  an  average  of  498  B.  t.  u.  for  each 
pound  of  fuel  fired,  or  4.23  per  cent  of  the  calorific  value 
of  the  coal.  For  the  same  three  coals  tested  without 
the  brick  arch,  the  ash  and  clinker  that  passed  through 
the  grate  contained  an  average  of  628  B.  t.  u.  for  each 
pound  of  fuel  fired,  or  5.34  per  cent  of  the  calorific  value 
of  the  coal. 

The  average  number  of  heat  units  rejected  in  the 
ash  and  clinker  were  20.7  per  cent  less  for  coals  burned 
with  the  brick  arch  than  for  the  same  coals  when  burned 
without  the  brick  arch. 

For  the  nine  coals  burned  with  the  brick  arch,  the 
volatile  matter  in  the  ash  and  clinker  varied  from  4.27 
to  12.34  per  cent  and  averaged  7.36  per  cent  of  the 
weight  of  the  ash  and  clinker. 

For  the  three  coals  burned  with  the  brick  arch,  the 
volatile  matter  varied  from  4.27  to  9.24  per  cent  and 
averaged  6.38  per  cent  of  the  weight  of  the  ash  and 
clinker.  For  the  same  three  coals  burned  without  the 
brick  arch,  the  corresponding  range  was  from  5.89  to 
8.14  per  cent  and  the  average  was  6.97  per  cent  of  the 
weight  of  the  ash  and  clinker. 

The  average  content  of  volatile  matter  in  the  ash 
and  clinker  discharges  from  coals  when  burned  with 
the  brick  arch  was  8.5  per  cent  less  than  that  contained 
in  such  discharges  from  the  same  coals  when  burned 
without  the  brick  arch. 

For  the  nine  coals  burned  with  the  brick  arch,  the 
fixed  carbon  contained  in  the  ash  and  clinker  varied 
from  17.18  to  34.82  per  cent,  the  average  being  25.22 
per  cent  of  the  weight  of  the  dry  ash  and  clinker. 

For  the  three  coals  burned  with  the  brick  arch,  the 
fixed  carbon  contained  in  the  ash  and  clinker  varied 
from  13.90  to  28.38  per  cent,  the  average  being  22.1 
per  cent  of  the  weight  of  the  clinker  and  ash.  For 
the  same  coals  burned  without  the  brick  arch,  the 
range  of  values  was  from  25.10  to  30.38  per  cent,  the 
average  being  27.28  per  cent  of  the  weight  of  the  clinker 
and  ash.  The  fixed  carbon  contained  in  the  ash  and 
clinker  discharges  from  coals  burned  with  the  brick 
arch  was  19  per  cent  less  than  that  contained  in  such 
discharges  from  the  same  coals  when  burned  without 
the  brick  arch. 

For  the  nine  coals  burned  with  the  brick  arch,  the 
sulphur  in  the  ash  and  clinker  discharges  varied  from 
0.48  to  3.17  per  cent,  the  average  being  1.92  per  cent 
of  the  weight  of  the  ash  and  clinker. 

For  the  three  coals  burned  with  the  brick  arch,  the 
sulphur  contained  in  the  ash  and  clinker  discharges 
varied  from  0.48  to  3.17  per  cent,  the  average  being 
2.0  per  cent.  For  the  same  coals  burned  without  the 
brick  arch,  the  range  of  values  was  from  0.52  to  3.3 
per  cent,  the  average  being  2.02  per  cent.  The  sul- 
phur contained  in  the  ash  and  clinker  discharges  from 
coals  burned  with  the  brick  arch  was  i.o  per  cent  less 


than  that  contained  in  such  discharges  from  the 
coals  when  burned  without  the  brick  arch. 

Based  upon  the  data  contained  in  table  DII.  it 
appears  that  the  use  of  the  brick  arch  in  the  fire-box 
results  in  fuel  economy  in  that  it  serves  to  ««mh»i^t 
the  loss  of  heat  units  through  the  grate.  This  »  mad* 
evident  by  the  following  summ 


1 .  The  presence  of  the  brick  arch  iliiiriMta  the 
:iv<  rage  number  of  heat  units  rejected  in  the  tab 
and  clinker  from  5.34  to  4.23  per  cent  of  the  heat 
units  in  the  fuel  fired. 

2.  The  presence  of  the  brick  arch  is  responsible 
for  a  decrease  in  the  average  amount  of  volatile 
matter  contained  in  the  ash  .and  clinker  dis- 
charges from  6.97  to  6.38  per  cent  of  the  dry 

ash  and  clinker. 

3.  The  presence  of  the  brick  arch  decreases  the 
average  amount  of  fixed  carbon  rejected  in  the  ash 
and  clinker  from  27.28  to  22. 10  per  cent  of  the  dry 
ash  and  clinker. 

4.  The  presence  of  the  brick  arch  decreases  the 
average  amount  of  sulphur  contained  in  the  ash 
and  clinker  discharges    from  2.02  to  2.00  per 
cent  of  the  dry  ash  and  clinker. 

701.55  Gaseous  Constituents  of  Smoke:  The 
gases  emitted  in  smoke  account  for  a  large  part  of  the 
fuel  burned.  The  weight  of  the  components  of  fuel 
which  combine  with  oxygen  to  form  these  gases  varies 
from  47.8  to  69.4  per  cent  of  the  total  weight  of  fuel 
burned.  Values  for  the  relative  volume  of  the  different 
gases  emitted  in  smoke  at  different  rates  of  combustion 
varying  from  30  to  100  pounds  of  coal  per  square  foot 
of  grate  surface  per  hour,  as  taken  from  curves  pre- 
pared in  the  usual  manner  from  the  results  of  the  tests, 
are  presented  as  table  DIV. 

The  values  for  oxygen  shown  in  the  table  represent 
the  oxygen  in  that  portion  of  the  air  in  the  smoke  which 
did  not  take  any  part  in  the  process  of  combustion. 

The  results  obtained  when  burning  the  test  coals 
with  a  brick  arch  in  the  fire-box,  as  compared  with 
those  obtained  from  the  same  coals  without  the 
brick  arch,  show  that  the  presence  of  the  brick  arch 
results  in: 

1 .  A  decrease  in  the  volume  of  the  air  intermin- 
gled with  the  total  volume  of  gases  emitted  from 
26.5  to  22.5  per  cent  of  the  total  volume  of  gases 
emitted. 

2.  An  increase  in  the  volume  of  carbon  dioxid 
from  12.0  to  12.7  per  cent  of  the  total  volume 
of  gases  emitted. 

3.  A  decrease  in  the  volume  of  carbon  monoxid 
from  i.i  to  i.o  per  cent  of  the  total  volume  of 
gases  emitted. 

4.  A  decrease  in  the  volume  of  oxygen   from 
5.3  to  4.5  per  cent  of  the  total  volume  of  gases 
emitted. 

5.  An  increase  in  the  volume  of  sulphur  trioxwl 
from   0.0418   to  0.0629   per  cent  of  the  total 
volume  of  gases  emitted. 

6.  An  increase  in  the  volume  of  sulphur  dioxid 
from   0.0196   to  0.0377   per  cent  of   the   total 
volume  of  gases  emitted. 
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TABLE  DIV.     SUMMARY  OF  ANALYSES  (BY  VOLUME)  OF  GASES   CONTAINED  IN  THE  DISCHARGE  FROM  A  LOCOMOTIVE 

SMOKE-STACK 
(Tests  made  at  Altoona,  Pa.) 


County  of  Origin 

Kind  of  Gai  and  Per  Cent  of  Total  (By  Volume) 

Carbon 
Dioxid 

Carbon 

Monoxid 

Oxygen 

Nitrogen 

Sulphur 
Trioxid 

Sulphur 
Dioxid 

Total 

Air 

|vr  <V,,f 

1 

2 

3 

4 

.-. 

6 

7 

X 

< 

Group  BA-10.    With  Brick  Arch 

13.9 
12  2 
12.3 
12.2 
12.5 
14.0 
11.6 
11.6 
11.3 
10.5 

1.4 
1.3 
1.8 
0.2 
1.2 
1.8 
0.5 
0.7 
0.2 
0.1 

2.8 
3.2 
3.4 
5.9 
4.2 
2.9 
6.8 
5.0 
6.7 
7.4 

81.9000 

s:;  j.iiil 
82.4317 
81.5445 
82.0447 
81.2875 

Ml   !l'.l'.lll 

81.9778 
81.6331 
81.8353 

0.0402 
0.0372 
0.0671 
0.0370 
0.0110 

II   (II.  'Hi 

0.0760 
0.1016 
0.0620 

0.0234 
0.0311 

ii   IIXM 
II    IIIVI 

0.0015 
0.0571 
0  0462 

H 
0.1027 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

14.0 
16.0 
17.0 
29.5 
21.0 
14.5 
34.0 
-«,  M 
33.5 
37.0 

Marion"   (111)                                                             

Saline,  (111.)      .*  

Vermillion   (111  ) 

Williamson,  (111.)   

Sullivan   (Ind  ) 

Vigo  (Ind  ) 

Averages  

12.2 

ii  '.i 

4.9 

81.8989 

0.0529 

0  0482 

100 

•_•»  - 

Group  NA-4.     Without  Brick  Arch 

12.7 
12.9 
11.5 
10.8 

0.8 
0.9 
0.7 
1.7 

5.0 
4.5 
5.7 
6.1 

81.5000 
81.6880 
82.0445 
81.2833 

0.0104 
0.0381 
0.0788 

0.0016 
0.0174 
0  0399 

100 
100 
100 
100 

25.0 
22.5 
28  5 
30.5 

Williamson,  (111.)   

Sullivan,  (Ind  )                                           .                  .... 

Vermillion   (Ind  ) 

Averages  

12.0 

I.I 

5.3 

ii  nils 

0.0196 

100 

Group  BA-4.     With  Brick  Arch 

13.9 
14.0 
11.6 
11.3 

1.4 
1.8 
0.7 
0.2 

2.8 
2.9 
5.6 
6.7 

81.9000 

xl    L-S7:. 
M    '.I77» 
81.6331 

0.0110 
ii  0760 
0.1016 

0.0015 

,,  MO] 

0.0653 

100 
100 
100 
100 

14.0 
14.5 

33.5 

Williamson,  (111)   . 

Sullivan    (Ind  ) 

Average*  

'     12.7 

1.0 

4.5 

81.6994 

0.0629 

•  i  n.:77 

LOO 

22.5 

*  In  per  cent  of  the  total  gases  emitted, 
t  Not  determined. 


TABLE    DV.     COMPARISON  OF   RESULTS  OBTAINED  WITH    EXPERIENCED  AND  WITH    INEXPERIENCED    FIREMEN  OPERATING 

LOCOMOTIVE  AT  So  REVOLUTIONS  PER  MINUTE  AND  AT  25.6  PER  CENT  CUT-OFF,  AND  BURNING  COAL 

BOTH  WITH  AND  WITHOUT  THE  BRICK  ARCH  IN  THE  FIRE-BOX 

(Tests  made  at  Altoona,  Pa.) 


County  of  Origin 

Pounds  of 
Dry  Fuel 
Fired  per 
Sq.  Foot 
of  Grate 
Surface 
per  Hour 

Equivalent 
Evaporation  from 
and  at  212°  F.  Lb. 

Boiler 
Horse- 
Power 
(34.6U 
of  E.) 

Efficiencv 
of  Boiler 

!'.  ,-.  .1  M 

rod 

Per  Cent 

Dry  Fuel 
per  Dyna- 
mometer 
H.  P.  Hr. 
Lb. 

Thermal 

I  ;!.•  •  M  •. 
of  Loco. 
It  ,  .  d  ... 
Fuel 
Per  Cent 

V.  •  •  iff 

3nok* 

Density 
Per  Cent 

Cinders 
and  Fuel 
Dun  in 
Percent 
of  Fuel 
as  Fired 

IV,   S| 

Foot  of 
Heating 
Surface 
per  Hour 

Per  Lb.  of 
Dry  Fuel 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Group  BA-9.    Experienced  Firemen  —  With  Brick  Arch 

Marion,  (111.)  .  . 

47.6 
43.4 
47.7 
47.0 
47.3 
43.3 
46.0 
45.8 
46.8 

6.7 
7.1 
7.0 
7.1 
7.5 
7.2 
7.0 
7.2 
7.0 

8.8 
10.4 
9.3 
9.6 
10.1 
10.5 
96 
99 
9.5 

.:-.:   7 
71  IJ   .. 
094.7 
704.4 
743.7 
712.6 

7II-.I   7 
691.4 

88. 
72. 
71. 
74. 
76. 
78. 

at 

75. 
71. 

4    4 

37 
3.9 
4.0 
3.9 
3.6 
4.1 
3.8 
4.0 

•i  .. 
4.9 
8.2 
5.1 
6.1 
6.6 
4.7 
5.3 
:,  .1 

14 
24 
18 
H 

14 

.'x 
16 

a 

:',  -.' 
1.84 
1.92 

2.74 
7.89 
2.61 
3.08 
4.21 

Saline,  (111.)  

Sangamon,  (111.)  

Vermillion,  (111.)  

Williamson,  (111.)  ...    . 

Greene,  (Ind.)  

Sullivan,  (Ind.)  
Vermillion,  (Ind.)  .  . 

Vino,  (Ind.)  

"'1                    I.I                   VI              7IJU.  4                 73. 

Group  BA-9.    Inexperienced  Firemen  —  With  Brick  Arch 

8.0 

5.0 

• 

18 

:i  44 

Marion,  (111.)  .  . 

63.3 
64.3 
46.7 
60.7 
53.7 
53.0 
67.8 
56.2 
51.7 

6.3 

7.6 
5.8 
7.9 
7.6 
7.2 
7.6 
7.5 
7.2 

6.3 
7.5 
7.8 
8.2 
9.0 
8.6 
7.1 
8.4 
8.8 

618.8 
749.1 
567.0 
775.3 
754.1 
710.5 
746.5 
739.2 
709  0 

48. 
62. 

n 

63. 
68. 
63. 
51.fi 
64.1 
66.4 

6    1 
5.4 
6.0 
5.1 
4.4 
4.6 
5.8 
4.5 
4.3 

•i  -' 
3.4 
3.4 
4.0 
4.6 
4.3 
3.3 
4.4 
4.7 

-  80 
64 
62 
34 
16 
26 
52 
28 
22 

2.08 
4.10 
3.76 
2.26 
4.12 
5.38 
2.71 
6.37 
:,  i.i, 

Saline.  (111.)  

Sangamon,  (111.)  

Vermillion,  (111.)  .    . 

Williamson,  (111.)  

Greene,  (Ind.)  

Sullivan,  (Ind.)  

Vermillion,  (Ind.)  .  . 

Vigo,  (Ind.)  

67.5                 y.z                 B.o             7(17.7 
Group  NA-2.    Experienced  Firemen  —  Without 

59.7 
Brick  Arch 

:.  J 

8.9 

86 

4.00 

Macoupin,  (111.)  .  .  . 
Williamson,  (111.)  

53.7 
49.2 

6.9 
7.0 

8.1 
9.0 

678.8 
690.6 

62.0 
68.3 

4.4 

4.2 

4    ii 
4.8 

.'in 
24 

2.56 

2.18 

51   5                  (.u                 s.o             084.  7                66.2 
Group  NA-2.    Inexperienced  Firemen  —  Without  Brick  Arol 

1  :i 

4.7 

27 

J   .17 

Macoupin,  (111.)  .  .  . 
Williamson,  (111.)  

63.6 

17   li 

6.8 
7.3 

6.7 
9.7 

699.9 
722.1 

51.5 
73.9 

6.4 
3.8 

:i  7 
5.2 

42 

20 

2.57 
3.39 

K  

8.2 

711.0 

62.7 

4.6 

4.5 

31 

2  98 

APPENDIX 


The  carbon  dioxid  and  carbon  monoxid  contained 
in  the  gases  are,  of  course,  formed  by  the  combination 
of  oxygen  with  the  carbon  contained  in  the  fuel,  carbon 
dioxid  being  the  product  of  complete  combustion  and 
carbon  monoxid  being  the  result  of  incomplete  com- 
bustion. The  carbon  contained  in  these  gaseous 
compounds  represents  all  the  carbon  in  the  coal 
burned,  except  that  contained  in  the  cinders  and  fuel 
dust  of  the  smoke  discharges  and  in  the  ash  and  clinker 
discharged  through  the  grate.  An  average  of  the  values 
for  the  carbon  compounds  at  the  different  rates  of 
combustion  indicates  that  the  percentage  of  carbon 
monoxid  increases,  and  that  of  carbon  dioxid  decreases, 
as  the  rate  of  combustion  increases  from  30  to  100 
pounds  of  coal  per  square  foot  of  grate  surface  per  hour. 
The  total  quantity  of  carbon  contained  in  the  two 
gaseous  compounds  remains  practically  constant  in 
its  relation  to  the  quantity  of  fuel  fired,  regardless  of 
the  rate  of  combustion. 

The  results  of  the  tests  show  that  the  quantity  of 
sulphur  contained  in  the  coal  controls  the  quantity  of 
the  gaseous  compounds  of  sulphur  emitted  in  the  smoke, 
the  method  of  burning  the  coal  and  the  rate  of  com- 
bustion being  apparently  factors  of  little  importance. 

The  results  obtained  when  burning  the  test  coals 
with  a  brick  arch  in  the  fire-box,  as  compared  with 
those  obtained  when  burning  the  same  coals  without 
the  brick  arch,  show  that  the  presence  of  the  brick 
arch  results  in : 

1.  An  increase  in  the  quantity  of  carbon  as 
carbon  dioxid  from  51.1  to  53.2  per  cent  of  the 
weight  of  the  fuel  fired. 

2.  A  decrease   in  the  quantity  of  carbon  as 
carbon  monoxid  from  4.3  to  3.8  per  cent  of  the 
weight  of  the  fuel  fired. 

3.  An  increase  in  sulphur  as   sulphur  trioxid 
from  0.494  to  0.793  P61"  cent  of  the  weight  of  the 
fuel  fired. 

4.  An  increase  in  sulphur  as  sulphur  dioxid, 
from  0.218  to  0.466  per  cent  of  the  weight  of  the 
fuel  fired. 

701.56  Importance  of  Correct  Methods  of  Firing: 
A  comparison  of  the  results  obtained  with  experienced 
firemen  and  those  obtained  with  inexperienced  firemen, 
with  the  locomotive  running  at  80  revolutions  per 
minute  and  with  the  engine  operating  at  25.6  per  cent 
cut-off,  is  presented  as  table  DV. 

The  values  presented  by  table  DV  when  burning  the 
same  kinds  of  coal  in  a  locomotive  fire-box  equipped 
with  a  brick  arch,  show  that  firing  by  inexperienced 
firemen,  as  compared  with  that  by  experienced  firemen, 
results  in  the  following: 

1.  An  increase  in  fuel  consumption  from  46.1 
to  5  7 . 5  pounds  of  fuel  fired  per  square  foot  of  grate 
surface  per  hour. 

2 .  An  increase  in  boiler  horse-power  from  700.4 
to  707.7. 

3.  A  decrease  in  boiler  efficiency  from  73.2  to 
59.7  per  cent. 

4.  An  increase  in  fuel  consumed  per  dyna- 
mometer horse-power  from  3.9  to  5.2    pounds. 

5.  An  increase  in  smoke  density  from  18  to 
36  per  cent. 


6.  An  increase  in  cinders  and  fuel  dust  db- 
charged  in  smoke  from  3.44  to  4.00  per  cent 
of  the  fuel  fired. 

7.  A  decrease  in  thermal  efficiency  from  5.0 
to 3.9  percent. 

A  similar  comparison  of  the  values  obtained  when 
firing  the  same  kinds  of  coal  in  a  locomotive  fire-box 
not  equipped  with  a  brick  arch  shows  that  firing  by 
inexperienced  firemen  results  in  the  following: 

i.  An  increase  in  fuel  consumption  from  51.5 
to  55.6  pounds  of  fuel  fired  per  square  foot  of 
grate  surface  per  hour. 

a.  An  increase  in  boiler  horse-power  from 
684.7  to  711.0. 

3.  A  decrease  in  boiler  efficiency  from  6j.a 
to  62.7  per  cent. 

4.  An  increase  in  fuel  consumed  per  dyna- 
mometer horse-power  from  4.3  to  4.6  pounds. 

5.  An  increase  in  smoke  density  from  27  to 
3 1  per  cent. 

6.  An  increase  in  cinders  and  fuel  dust  dis- 
charged in  smoke  from  2.37  to  2.98  per  cent  of  the 
fuel  fired. 

7.  A  decrease  in  thermal  efficiency  from  4.7 
to  4.5  per  cent. 

701.57  The  Value  of  the  Brick  Arch  in  the  Loco- 
motive Fire-Box:  The  results  obtained  from  tests 
conducted  with  a  brick  arch  in  the  locomotive  fire-box, 
when  compared  with  those  of  tests  in  which  the  brick 
arch  was  omitted,  indicate  generally  that  the  presence 
of  the  brick  arch  promotes  efficiency,  decreases  losses 
and  reduces  smoke.  The  definite  effects  have  been 
set  forth  in  the  preceding  sections.  A  summary  of 
these  facts  shows  the  following  results  from  the  pres- 
ence of  the  brick  arch  in  the  fire-box. 

1.  Increases  the  number  of  pounds  of  water 
evaporated  per  pound  of  coal  from  8.6  to  g.a. 

2.  Increases  the  boiler  efficiency  from  63.4 
to  67.8  per  cent. 

3.  Decreases  the  amount  of  coal  consumed 
per  dynamometer  horse-power-hour  from  4.6  to 
4.3  pounds.     This  is  equivalent  to  a  reduction 
of  6.5  per  cent  in  the  fuel  required  to  maintain 
a  given  rate  of  power  delivered  at  the  draw  bar. 

4.  Decreases   the  average  density  of  visible 
smoke  emissions  from  36.5  to  24.1  per  cent. 

5.  Decreases  the   total  average  quantity  of 
cinders  and  fuel  dust  emitted   in  smoke  from 
5.56  to  4.18  per  cent  of  the  fuel  fired. 

6.  Decreases  the  number  of  heat  units  per 
pound  of  cinders  and  fuel  dust  emitted  in  smoke. 
from  9,610  to  9,064,  increases  the  amount  of 
volatile    matter  from  9.37  to   11.31   per  cent, 
decreases  the  amount  of  fixed  carbon  from  59-55 
to  57.98  per  cent,  and  increases  the  amount  of 
sulphur  from  2.29  to  2.61  per  cent  based  on  the 
weight  of  the  cinders  and  fuel  dust. 

7.  Decreases  the  amount  of  carbon  contained 
in  cinders  and  fuel  dust  per  ton  of  coal  con- 
sumed  from  75.8  to  57.6  pounds,  decreases  the 
amount  of  ash   from  32.6  to  23.8  pound*,  and 
decreases  the  amount  of  sulphur  from  2.5  to  1.9 
pounds.     It  shows  no  effect  upon  the  amount  of 
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tar  contained  in  the  cinders  and  fuel  dust  emitted 
in  smoke  per  ton  of  fuel  fired. 

8.  Decreases  the  number  of  heat  units  con- 
tained in  the  ash  and  clinker   discharges    per 
pound  of  fuel  fired  from  628  to  498. 

9.  Decreases  the  amount  of  volatile  matter  per 
pound  of   ash   and   clinker  from  6.97  to  6.38 
per  cent,  decreases  the  amount  of  fixed  carbon 
from  27.28  to  22.10  per  cent,  and  decreases  the 
amount  of  sulphur  from  2.02  to  2.00  per  cent. 

10.  Decreases  the  volume  of  air  intermingled 
with  the  gases  of  combustion  discharged  through 
the  stack  from  26.5  to  22.5  per  cent,  increases  the 
volume    of    carbon   dioxid   discharged   through 
the  stack  from  12.0  to  12.7  per  cent,  decreases  the 
volume  of  carbon  monoxid  from  i.i  to  i.o  per 
cent,  decreases  the  volume  of  oxygen  from  5.3 
to  4.5  per  cent,  increases  the  volume  of  sulphur 
trioxid   from    0.0418   to  0.0629   per  cent   and 
increases  the  volume  of  sulphur  dioxid    from 
0.0196  to  0.0377  per  cent. 

11.  Increases  that  proportion  of  the  carbon 
in  the  fuel  which  combines  with  oxygen  to  make 
carbon  dioxid  from    51.1  to  53.2  per  cent,  de- 
creases  that   proportion   which   makes   carbon 
monoxid  from  4.3  to  3.8  per  cent,  increases  that 
proportion  of  the  sulphur  in  the  fuel  which  com- 


bines with  oxygen  to  make  sulphur  trioxid 
from  0.494  to  0.793  per  cent,  and  increases  that 
proportion  which  makes  sulphur  dioxid  from 
0.218  to  0.446  per  cent. 

701.58  Conclusions:  The  facts  presented  in  the 
preceding  sections  of  this  chapter  justify  the  follow- 
ing conclusions: 

1.  The  coals  used  in  the  tests  conducted  in 
the  locomotive  laboratory  of  the  Pennsylvania 
Railroad  at  Altoona,  Pa.,  do  not  differ  materially 
from  each  other  in  composition  or  in  heating 
value.    As  the  record  indicates,  certain  of  the 
test  coals  excelled  in  respect  to  one  or  more  of 
the  different  measures  of  performance,  but  no  one 
sample  may  be  selected  as  excelling  in  all  respects. 

2.  The  use  of  incorrect  methods  of  firing,  as 
indicated  by  the  results  of  tests  in  which  inex- 
perienced firemen  were  employed,  reduces  effi- 
ciency,   increases    fuel    consumption    and    fuel 
losses,  and  increases  smoke  discharges. 

3.  The   presence   of    the    brick   arch   in    the 
locomotive  fire-box  increases  efficiency,  decreases 
fuel  consumption,  decreases  the  loss  of  heat  units 
in  the  smoke  and  ash  discharges,  and  reduces  the 
visible  smoke. 
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Animal  life,  oxygen  required  by,  33;  effect 
of  carbon  dioxid  on,  34. 

"Anthracite  Coal  and  Coke  as  Remedies," 
by  Paul  P.  Bird,  19. 

Anthracite  coal,  see  Coal 

Apartment  houses  in  Chicago,  smoke 
from,  34,  48. 

Area  of  Investigation,  division  of,  into 
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and  list  of  railroad  companies  operating 
in,  97-101;  summary  of  general  statis- 
tics relating  to,  101;  maps  of,  98,  99, 
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within,  477,  490-492;  signal  systems 
within.  477,  493-496;  interlocking 
plants  within,  497;  fences,  cattle-guards 
and  signs  within,  495,  497-500;  freight 
yards  in,  512,  516-520;  miscellaneous 
yards  in,  512,  522,  523;  locomotive 
terminals  and  engine  houses  within, 
521,  524-530;  mileage  of  track  within, 
581-592;  increase  in  mileage  of  track 
within,  592;  increase  of  density  of 
track  within,  592;  rate  of  increase  of 
trackage  within,  592-594;  number  of 
passengers  carried  on  all  railroads 
within.  594-600;  number  of  passenger 
trains  handled  within,  600-604:  freight 
traffic  handled  in,  604-613. 

Argo  Yard  (I.  H.  B.  R.  R.),  519- 

Argon,  in  atmospheric  air,  34. 

Arnold,  Bion  J.,  19,  23. 

Ascher,  Dr.  Ixmis,  65,  69. 


Ash  in  Illinois  and  Indiana  coal   \\. 

Ash-pits,  number  of  locomotive,  within 
the  Area  of  Investigation.  1-1 

Atchison,  Topeka  *  Santa  Pe  Railway, 
hutory  of,  13;  bri< !,  .  |«mr^>i 

terminal  of,  503;  Oorwith  lUtioo  of.  506; 
scrap  yard  iA,  522;  coach  yard  of. 

•rnia    I.imtt<-d"   of,    <iv   pMSStV 

ger  locomotive  of.  543:  passengers  car- 

596:  extent  of  trackage  to  be 

elc'  -i.- ;  facilities  to  be 

abandoned  by,  gt>,  925,  977. 

Atmosphere,  composition  oon- 

try  un.il  city,  36;  determination  of  pol- 
luting constituents  in,  36-40:  of  foreign 
and  domestic  cities,  40-48 ;  conclusion* 
from  literature  relating  to,  48.  49; 
meteorological  conditions  in  Chicago, 
study  of,  210-225:  of  cities,  as  described 
in  scientific  liu-rav  .  j6;  study 

of,  in  Chicago,  as  disclosed  by  analysis, 
226-278;  see  alto  Atmospheric  pollution. 

Atmospheric  pollution,  gaseous  source* 
of,  34:  determination  of.  36-39;  local 
and  diffused,  39,  97;  need  of  co-opera- 
tive study  of,  39;  in  foreign  and  Ameri- 
can cities,  40-48;  in  Chicago.  48.  278. 
282,  1046;  conclusions  from  literature 
relating  to,  48.  49;  fuel  consumption 
and,  103,  1046;  gaseous  productions  of 
combustion  of  importance  in  study  of. 
163.  <73:  extent  to  which  smoke  from 
locomotives  causes,  178,  opp.  178,  279. 
280-282,  285.  294,  1037.  1046;  «tent 
to  which  smoke  from  steam  vessels 
causes,  180,  181 ;  extent  to  which  smoke 
from  high  pressure  steam  stationary 
power  and  heating  plants  causes,  184, 
285.  1037:  extent  to  which  smoke  from 
low  pressure  steam  and  other  stationary 
heating  plants  causes,  187,  285.  294: 
extent  to  which  smote  from  manufac- 
turing and  metallurgical  plants  cause*. 
190,  285,  204,  1037;  importance  of 
allies  of  smoke  in.  209,  295;  a*  dis- 
closed by  study  of  atmosphere.  210-778; 
bearing  of  wind  velocity  upon.  217,  235: 
bearing  of  temperature  upon.  218.  125; 
effect  of  precipitation  upon.  222.  225; 
dry  seasons  increase,  223,  225;  effect*  of 
meteorological  phenomena  upon.  a.»5; 
definition  of,  226;  causes  of,  in  Chicago, 
and  bearing  of  air  snaljsii  upon.  1M- 
236,  263-273,  a73-»7».  «<>37:  •»  dis- 
closed by  rain  and  snow  MMMsja,  236- 
248:  tests  to  determine,  in  Cleveland, 
273:  solid  and  gaieuus  constituents  i» 
atmosphere  which  cause.  - 


trial  activities  cause.  278.  280.  j8j; 
In  si  ill  Hi,  of  electric  operation  of  rail- 
road terminals  upon.  280-2*2.  1037. 
1047:  solids  in  smoke  are  agencies  in. 
283:  tendency  of  all  sources  .4.  u>  in- 
crease. 284:  electrification  means  to 
avoid.  7'«>:  prrcrotajirs  of.  1037.  (tody 
of.  to  determine  proportion*  uf  smoke 
and  dust  of  non-fuel  origin,  1046;  da* 
to  sulphurous  constituents  in  smoke. 
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1047;    solids  in  locomotive  smoke  and, 

1112-1122. 

Australian  electrifications,  Victorian  Rail- 
way (Melbourne  Suburban  System), 
696,  697. 

Austrian  electrifications,  character  of, 
689,  690;  secondary  railroads — St.  P61- 
ten-Mariazell-Gusswerk  Railway,  691; 
Vienna-Pressburg  Railway,  692. 

Austrian  State  Railways,  electric  installa- 
tion on,  691. 

Automobile  laboratory,  245-248. 

Automobiles  and  motorcycles,  number 
licensed  by  city  of  Chicago,  199. 

Automobiles,  smoke  from,  193. 

B 

Back  yards  and  roofs  as  a  source  of  dust, 
196. 

Baden  State  Railways,  electric  installa- 
tions on,  669,  672,  673. 

Baffle  walls,  63. 

Baggage,  loss  and  damage  to,  IOIO* 

Baker,  Charles  Whiting,  internal  com- 
bustion locomotive  designed  by,  620. 

Baldwin  Locomotive  Works,  623. 

Ballast,  983. 

Baltimore,  number  of  manufacturing 
establishments  in,  3;  capital  invested 
in,  and  value  of  products,  4;  bank  clear- 
ings of,  9;  electric  traction  in,  749; 
changes  in  population  of,  1103,  1105; 
changes  in  area  of,  1105. 

Baltimore  Tunnel,  see  Baltimore  &  Ohio 
Railroad. 

Baltimore  &  Ohio  Chicago  Terminal  Rail- 
road; grade  crossing  on,  480;  bridge  of, 
487;  passenger  station  of,  504;  outer- 
most suburban  station  of,  506;  I4th 
Street  Yard  of,  51 1 ;  locomotive  terminal 
of,  521;  Empire  Slip  Yard  of,  529,  533; 
passengers  carried  by,  596;  number  of 
freight  cars  and  tonnage  of  freight 
handled  by,  611;  extent  of  trackage  to 
be  electrified  on,  768,  770;  facilities  to 
be  abandoned  by,  928;  facilities  to  be 
remodeled  by,  940;  Robey  Street  Yard 
of,  940;  improvements  precipitated  by 
electrification  of,  953. 

Baltimore  &  Ohio  Railroad,  history  of,  13; 
passenger  terminal  of,  504;  passengers 
carried  by,  596;  electrified  line  of,  647, 
654,  699,  1031;  heavy  electric  traction 
on,  749;  extent  of  trackage  to  be 
electrified  on,  765,  768,  769;  facilities 
to  be  abandoned  by,  920. 

Bank  clearings  of  New  York,  Chicago, 
Philadelphia,  St.  Louis,  Boston,  Balti- 
more, Pittsburgh,  Cleveland,  Buffalo, 
San  Francisco,  Detroit,  Cincinnati, 
Milwaukee,  New  Orleans,  Washing- 
ton, 9. 

Bartlett,  H.  E.,  member  of  staff,  vii. 

Bavarian  State  Railways,  electric  installa- 
tions on,  669,  675. 

Beilby,  G.,  51. 

Belt  Railway  of  Chicago,  tracks  leased  by, 
453;  locomotive  terminal  of,  521; 
Clearing  Yard  of,  952 ;  see  also  Chicago 
&  Western  Indiana  and  the  Belt  Rail- 
way of  Chicago. 

Bement,  A.,  16,  19,  23. 

Berlin  city  railway,  see  Berlin  Stadtbahn. 


Berlin  Stadtbahn,  proposed  electrifica- 
tion of,  673,  674. 

Bern  Power  Company,  678,  680. 

Bernet  ,J.  J.,  member  of  Committee,  v,  26. 

Bernina  Railway,  electric  operation  of, 
681-683,  699. ' 

Bird,  Paul  P.,  member  of  present  Com- 
mittee, v,  25;  author  of  "Prevention 
of  Smoke"  and  "Anthracite  Coal  and 
Coke  as  Remedies,"  19;  member  of 
Committee  of  1909,  19,  23. 

Birmingham,  mortality  records  and  hours 
of  sunshine  in,  74. 

Bituminous  coal,  see  Coal. 

Block  and  semi-block  coal,  16. 

Blue  Island  Railroad,  452. 

Boilers,  steam,  number  in  Chicago,  285. 

Bonds,  impedance,  746. 

Bonds,  track,  types  of,  743,  878,  879; 
number  and  sizes  of,  879;  unit  cost  of, 
879;  estimated  costs  of  installing,  879- 
881. 

Borsig  Locomotive  Works  (Berlin),  621, 
624. 

Boston,  number  of  manufacturing  estab- 
lishments in,  3;  capital  invested  in,  and 
value  of  products,  4;  bank  clearings  of, 
9;  population  of  industrial  zone  of,  10, 
II ;  classification  of  furnaces  in,  50;  loco- 
motive smoke  inspectors  in,  52;  high 
pneumonia  death  rate  in,  70;  changes 
m  population  of,  1083,  1087,  1092- 
1098,- 1103,  1104. 

Boston  &  Maine  Railroad,  electrified  line 
of,  651-654,  699,  1032. 

Brakernen,  yard,  1002. 

Breckenridge,  L.  P.,  60. 

Brick  arch,  62,  137,  281,  1145,  1146. 

Bridge  warnings,  description  and  location 
of,  876,  877;  unit  cost  of,  877;  estimated 
costs  of,  877,  878;  estimated  costs  of, 
for  three  systems  for  C.  &  N.  W.  Ry., 
969. 

Bridges,  railroad,  within  the  Area  of  In- 
vestigation, 101,  454,  470,  484-490, 
860,  863-866,  868;  alterations  to,  904, 
905;  costs  of  alterations  to,  905-907, 
986. 

"Broadway  Limited"  (P.  Ft.  W.  &  C. 
Ry.),  536- 

Bronze,  effect  of  smoke  upon,  78. 

Brown-Boveri  Company  (Baden  Switzer- 
land), 676. 

Brown  coal,  see  Coal. 

Browne,  Sir  James  Crichton,  66. 

Brusio  Power  Company,  683. 

Buffalo,  bank  clearings  of,  9. 

Building  materials,  effects  of  smoke  upon, 
78;  storing  of,  196. 

Building  operations  as  a  source  of  dust, 
197- 

Burgdorf-Thun  Railway,  electrified  lines 
of,  678-680,  683,  690. 

Burr  Oak  Yard  (C.  R.  I.  &  P.  Ry.),  896. 

Hurt,  Benj.  C.,  staff  editor  of  Committee, 
26. 

Burt,  Horace  G.,  chief  engineer  of  Com- 
mittee, vii,  26. 

Butte,  Anaconda  &  Pacific  Railway,  elec- 
trified lines  of,  640-642,  699,  1031; 
substation  of,  713;  overhead  contact 
system  on,  735;  electric  locomotive 
used  on,  742. 


By-products  and  fuel  manufactured  by 
gas  and  coke  plants,  coal  equivalent 
of,  108. 


"California  Limited"  (A.  T.  &  S.  F.  Ry.), 

53«. 

Calumet,  Hammond  &  Southeastern 
Railroad,  extent  of  trackage  to  be 
electrified  on,  768,  771. 

Canadian  Northern  Railway,  electrifica- 
tion under  construction,  653. 

Canals,  miles  of,  within  the  Area  of 
Investigation,  100. 

Cannel  coal,  see  Coal. 

Capital  costs,  as  affected  by  joint  use  of 
facilities,  952,  953. 

Capital  invested  in  manufactures,   I 
more,  Boston,  Chicago,  Cleveland,  N< •«• 
York,     Philadelphia,     Pittsburgh    and 
St.  Louis,  4. 

Capital  requirements,  as  affected  by  the 
extent  of  the  Committee's  plan,  951, 
952;  as  affected  by  terminal  cha 
952;  as  affected  by  precipitated  < 
053 ;  as  interpreted  by  the  railroads,  955 ; 
for  electrification  of  entire  terminal,  1177. 

Carbon,  proportion  of,  for  combustion, 
29;  in  process  of  combustion,  30;  in 
Illinois  coal,  55;  effect  of,  upon  health, 
68;  quantities  of,  emitted  in  locomotive 
smoke,  165;  quantity  of  compounds  of, 
present  in  stack  discharges,  171. 

Carbon  dioxid,  as  a  component  of  atmos- 
pheric air,  34,  163,  225,  275-278;  in 
country  and  city  air,  36;  determination 
of,  38;  determination  of,  by  Pettenkofer 
method,  39;  in  air  of  Manchester,  40; 
in  air  of  Glasgow,  43 ;  in  air  of  Paris,  47 ; 
in  air  of  Cleveland,  47 ;  in  air  of  Chicago, 
48;  effect  of,  on  health,  67:  emission 
of,  in  relation  to  fuel,  165. 

Carbon  monoxid,  as  a  component  of 
atmospheric  air,  34,  278;  in  country 
and  city  air,  36;  determinations  of,  39; 
in  air  of  cities,  45,  47;  defined,  163; 
in  locomotive  smoke,  165. 

Carload  freight,  510. 

Carrier,  Willis  H.,  289,  290. 

Cars,  freight,  see  under  Freight  traffic. 

Cars,  passenger,  998. 

Cascade  Tunnel,  see  Great  Northern 
Railway. 

Catenary  construction,  see  Contact  con- 
struction, catenary. 

Cattle-guards,  495,  498-500,  98<>. 

Central  London  Railway,  657. 

Central  Station  of  the  Illinois  Central 
Railroad  in  Chicago,  497. 

Chesapeake  &  Ohio  Railway  of  Indiana, 
passenger  terminal  of,  503;  passengers 
carried  by,  596;  extent  of  trackage  to 
be  electrified  on,  768,  "73;  facilities 
to  be  remodeled  by,  941. 

Chest  diseases,  relative  mortality  from, 
in  Manchester,  Birmingham,  Sheffield, 
London,  74. 

Chicago,  history  of,  and  origin  of  name, 
i,  2,  il;  area  of,  2,  48,  100,  173;  popu- 
lation of,  2,  10,  II,  15,  48;  estimated 
future  population  of,  2;  incorporated  as 
town,  2;  made  a  city,  2;  transportation 
oroblemb  of,  2;  territorial  growth  of,  2; 
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as  manufacturing  center,  3;  number  of 

manufacturing  establishments  in,  3,  6; 

iiuit'actures    in 

anil  ratio  of  increase,  4,  6;  value  of 
manufactured  products  of,  4,  5;  as 
mercantile  center,  5;  live  stock  reiv 
in.  5;  grain  trade  of,  9;  receipts  and 
shipments  of,  9,  10;  financial  and  trade 
activities  of,  9;  bank  clearings  of,  9; 
lake  traffic  of,  9,  10;  postal  money 
i  Tiler  business  of,  9;  receipts  of  post- 
office  of,  9;  rail  traffic  of,  10;  as 
center  of  transportation  activity,  II,  13; 
trunk  line  terminals  in,  13;  first  railroad 
connection  of,  13;  location  of  railroad 
terminal  facilities  in,  15,  loo;  reason 
for  present  location  of  I.  C.  R.  R.  in,  15, 
1 6,  1109,  1 1 12;  fuel  resources  of,  16-18, 

175,  284;    smoke   abatement    problem 
in,    18,  284-288;  chemical  elements  in 
atmosphere   of,   48;   lake   frontage   of, 
48,   100;  factories  in,  48;  annual  coal 
consumption  of,  48,  51 ;  statistics  relat- 
ing to,  48;  railroad  and  steam  vessel 
activities   in,   48;   smoke  pollution  in, 
48,  49;  classification  of  furnaces  in,  51; 
domestic  use  of  gas  in,  51,  58;  loco- 
motive smoke  inspectors  in,  52 ;  develop- 
ment in  use  of  electricity  in,  58;  no 
deaths  due  to  smoke  in,  69;  smoky  days 
in,  70,  71;  pneumonia  in,  70,  71;  effects 
of  smoke  upon  vegetation  in,  77 ;  smoke 
as  source  of  loss  and  damage  in,  77—80; 
smoke  abatement  in,  82-96;  department 
of  smoke  inspection  in,  93-96;  railroads 
operating   in,  97,  451-453;  waterways 
in,   100;  co-extensive  with  Zone  A  of 
Area     of     Investigation,     100;     "loop 
district"    of,    ipo;    mileage    of    steam 
railroad  track  in,   IOC,  457,  461,  462, 
466,  467;  annual  coal  delivery  in,  104, 
107-109;   coal   and  coke  consumed  in, 
105,  107-127,  175,  176,  178,  285;  route 
map  of.  1 06;  locomotive  tests  in,  149; 
relation  of  non-fuel   dust   to   total   of 
solids  emitted  by  all  fires  in,  160,  174; 
yards    in,    176;    solid    constituents    of 
smoke    discharges    of,    176-178;    loco- 
motive terminals  and  engine  houses  in, 

176,  521,  524-530;  gases  of  combustion 
discharged  into  atmosphere  of ,  177,  178: 
number  of  steam  vessels  in,  179;  coal 
consumed   by  and  smoke  emitted   by 
steam    vessels  in,    179-181;   coal   con- 
sumed   by    and    smoke    emitted    by 
power  and  heating  plants  in,  182-187, 
280,  285-288,  294,  295;  coal  consumed 
by  and  smoke  emitted  by  manufacturing 
and   metallurgical  plants  in,  188-190; 
oil  fuels  used  in,  191-193;  air  pollution 
of,  194-209;  bare  ground  areas  in,  194- 
196;  mileage  of  streets  and  alleys  in, 
195;  building  activities  in,   197;  street 
construction  and  repair  in,  198;  vehicle 
licenses  issued  in,  199;  traffic  record  in, 
200,   201;   disposal  of   refuse  in,   202; 
street   cleaning   methods   in,  204-208; 
meteorological   conditions   and   atmos- 
pheric   pollution  in,  210-278,  280-296; 
wind  velocities  in,  211,  216,  217,  225, 
1115;  fogs  in,  217,  219,  220;  tempera- 
ture  in,   212,   217,   218,   225;   relative 
humidity  in,  213,  219,  220,  222,  225; 
precipitation,   in,    214,   216,    223-225; 
sunshine    in,    215,    223-225;    weather 
observation  bureau  of,  216,  218;  com- 
pared with  Seattle  and  London,  216; 
fogs  in,  217-220;  reduction  effected  in 
smoke    discharges,    282;    all    interests 
contribute  to  smoke  of,  283;  per  capita 
coal     consumption"    of,     285;     smoke 


washing   plants  in,   iH>t;   |»> 
reducing  use  of  solid  fuels  in,  293,  194^ 
use    of    fuel    g.-r;    in,    l'>\,    _")).    steam 
locomotive    service    in,    .-ijj;    ilirt    in 
atmosphere    of,    295;    departtnetr 
smoke     inspection     in,    296;    railroads 
and   1m  ict  of,   with  s« 

maps  showing  location  of  hue,  and 
terminal  facilities,  297-450;  location  of 
trackage  in,  451;  grade  crossings  in, 
454,  471  4*1;  railroad  bridges  in, 
470,  484-490;  elevated  tracks  in,  +(&- 
470,  477,  490-492;  signal  systems  in, 
477.  493-495;  fences,  cattle-guards  and 
signs  in,  495,  497-499;  passenger 
terminals  in,  497,  498,  501-506;  freight 
houses  in,  506-513;  suburban  stations 
in,  505,  507,  508;  lighterage  service  in, 
510,  514;  team  yards  in,  510,  511,  514, 
515;  freight  yards  in,  511,  512,  516-520; 
miscellaneous  yards  in,  522,  523;  coach 
yards  in,  529,  531-534;  track  mileage  in, 
582,  583;  rate  of  increase  of  mileage  in, 
594;  passengers  carried  on  railroads  in, 
594-600;  rate  of  increase  of  suburban 
passenger  traffic  in,  596,  598;  number  of 
passenger  trains  on  railroads  in,  600- 
604;  freight  traffic  handled  in,  604-613; 
greatest  pcint  of  interchange  of  freight 
cars  in  United  States,  612;  territorial 
growth  of,  1055-1071;  changes  in 
population  of,  1055,  1057,  1065-1070; 
1072-1087,  1092,  1097,  1098,  1103, 
1104;  importance  of,  as  a  railroad 
center,  1109;  meteorological  conditions 
in,  1109-1112;  influence  affecting  loca- 
tion of  railroad  terminals  in,  1 109,  1112; 
map  of,  showing  where  tests  of  loco- 
motive smoke  were  made,  1113. 

Chicago  Association  of  Commerce  Com- 
mittee on  Smoke  Abatement  and 
Electrification  of  Railway  Terminals, 
24-26,  79. 

Chicago  Association  of  Commerce  Com- 
mittee of  1909  on  Electrification  and 
Smoke  Abatement,  19. 

Chicago,  Burlington  &  Quincy  Railroad, 
history  of,  13;  grade  crossing  on,  481; 
passenger  terminal  of,  505;  outermost 
suburban  station  of,  506;  suburban 
station  of,  507;  HawChorne  Yard  of, 
519,  941;  locomotive  terminals  of,  521; 
coach  yard  of,  532;  "Denver  Limited" 
of,  537;  suburban  train  of,  540;  loco- 
motive of,  542;  passengers  carried  by, 
596;  number  of  freight  cars  and  tonnage 
of  freight  handled  by,  611;  multiple- 
unit  service  on,  763 ;  extent  of  trackage 
to  be  electrified  on,  779,  780,  782; 
facilities  to  be  abandoned  by,  935; 
limits  of  electrification  on,  951 ;  improve- 
ments precipitated  by  electrification 
of,  954;  electrification  costs  as  compared 
with  Committee's  plan,  954. 

Chicago  District,  extent  of  railroad 
establishments  in,  451,  45»:  grade 
crossings  in,  454;  railroad  bridges  in, 
454-470;  signal  systems  in,  477,  493; 
fences,  cattle-guards  and  signs  in,  495: 
coach  yards  in,  529,  531-534;  mileage 
of  railroad  track  within,  1109. 

Chicago  Great  Western  Railroad,  pas- 
senger terminal  of,  504;  suburban 
station  of,  507;  engine  house  of,  527: 
passengers  carried  by.  596;  number  of 
freight  cars  and  tonnage  of  freight 
handled  by,  611:  extent  of  trackage  to 
be  electrified  on,  780. 

Chicago,  Indiana  &  Southern  Railroad, 
bridge  of,  489;  passenger  terminal  of. 


505;  "Mump 

ten  ,J3;  pasSaflfSTS  r.i 

. 

apnlia  ft  LoowrtUe  Rait- 
way,  history  at.  13;  pttMrngrr  terminal 
of,   VM:    (Monofi 
512;  passengers  earned 
nage  of  freight    handled    by. 

Chicago  Junction  Railway,  '"Ttrmrttrt 
terminal  ngine  DOOM-  .:'.  •;: 

extent  of  trackage  to  be  dec  • 
783. 

Chicago,  Madison  ft  Northern  Railroad. 
4V- 

Chicago,  Milwaukee  &  St.  Paul  Railway. 
history  of.  14;  grade  crowing  on.  4*0. 
passenger  terminal  of,  904;  outermost 
suburban  stations  of.  506;  Union 
Street  Yard  and  Mannheim  Yard  of. 
511;  freight  house  of.  in:  Galewood 
Yard  of,  518;  locomotive  terminals  of, 
521,  525;  engine  bouse  of,  527;  coach 
yard  of,  532;  passenger  locomotive  of. 
542;  switching  locomotive  of,  546; 
passengers  carried  by,  506;  number  of 
freight  cars  and  tonnage  of  freight 
handled  by,  61 1 ;  proposed  electrification 
on,  653,  655;  extent  of  trackage  to  be 
electrified  on,  783,  787.  789;  Godfrey 
Yard  of.  941. 

Chicago  River  and  its  branches,  miles  of, 
too,  101 ;  lighterage  service  on.  510.  514. 

Chicago  River  &  Indiana  Railroad,  extent 
of  trackage  to  be  electrified  on,  78*, 
789. 

Chicago,  Rock  Island  &  Pacific  Railway: 
history  of,  14;  grade  crossing  of,  479. 
482;  passenger  terminal  of,  505;  outer- 
most suburban  station  of,  506;  suburban 
station  of,  507;  freight  house  of.  510; 
coach  yard  of,  532;  suburban  train  of, 
539;  passengers  carried  by.  596;  increase 
in  suburban  traffic  on,  596;  multiple- 
unit  service  on,  763;  extent  of  trackage 
to  be  electrified  on,  789.  790:  facilities 
to  be  abandoned  by,  923.  926;  improve- 
ments precipitated  by  electrification 
of.  955:  divisions  on,  1017. 

Chicago  Short  Line  Railway,  extent  of 
trackage  to  be  electrified  no.  789,  791. 
793;  facilities  to  be  remodeled  by.  941. 

Chicago  Telephone  Company.  907.  90*. 

Chicago  Tunnel  Company,  510. 

Chicago  Union  Transfer  Railway.  Clear- 
ing Yard  of,  512,  519.  extent  of  trackage 
to  be  electrified  on,  792.  793. 

Chicago,  West  Pullman  ft  Southern 
Railroad,  extent  of  trackage  to  be 
electrified  on,  793,  794. 

Chicago  &  Alton  Railroad,  history  of.  it; 
bridge  on,  490;  passenger  terminal  «. 
505;   outermost    suburban   staboo   of. 
506;     locomotive     terminal     at.     V5- 
coach  yard  of.  533;  "Alton  lamite.1" 
of.    538;    passengers   famed    by.    59*. 
extent  of  trackage  to  br  cW> 
77-'.    7 ::•>'•    ••'-•-  •v.-raents    pmipr 
by  electrification  of.  954 

Chicago    &    Calumet     River     R-»t!,-    . 
extent  of  trackage  to  or  clectrmnl  "«. 

773.  775- 

Chicago    &     Eastern     Ilhn"W     R»J!'  ,*!. 
history  of,   13:  changr  in   trrmmal  t 
497;  passonRrr  terminal  of.  ,<o5-  »ul*»- 

:ii"st  <uburlv\r.  *!.«•••  n     r,  5<*».  I  Mum 
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Yard  of,  517;  locomotive  terminal  of, 
525;  switching  and  transfer  locomotive 
of,  545;  number  of  freight  cars  and 
tonnage  of  freight  handled  by,  611; 
extent  of  trackage  to  be  electrified  on, 

773,  774.  776. 

Chicago  &  Erie  Railroad,  history  of,  13; 
grade  crossing  on,  480;  passenger 
terminal  of,  503;  extent  of  trackage  to 
be  electrified  on,  774,  777. 

Chicago  &  Illinois  Southern  Railroad, 
452. 

Chicago  &  Illinois  Western  Railroad,  774. 

Chicago  &  Interurban  Railroad,  grade 
crossing  on,  479. 

Chicago  &  North  Western  Railway, 
history  of,  13;  smoke  washing  plant  of, 
57,  289;  signal  bridges  on,  477,  493; 
grade  crossing  on,  483;  bridge  on,  489; 
passenger  and  suburban  train  traffic 
handled  in  passenger  station  of,  498, 
502,  505;  outermost  suburban  stations 
of,  506;  suburban  station  of,  508; 
freight  houses  of,  508,  513,  526;  Grand 
Avenue  Yard  of,  511;  Proviso  Yard  of, 
511,  518;  40th  Avenue  Yard  of,  512, 
940;  team  yard  of,  515;  locomotive 
terminals  of,  521,  525,  526;  freight  car 
repair  yard  of,  523;  coaling  stations  of, 
525;  Erie  Street  Yard  of,  529;  coach 
yard  of,  532;  "Golden  Special"  of,  537; 
suburban  train  of,  539;  passenger  loco- 
motive of,  541;  freight  locomotive  of, 
544;  number  of  freight  cars  handled 
by,  611;  multiple-unit  service  on,  763; 
extent  of  trackage  to  be  electrified  on, 

774,  778,  779;  selected  as  a  basis  for 
determining  cost  of  third  rail  system, 
8n,  835,  955,  956;  estimated  require- 
ments for  electric  operation  of,  827-831 ; 
locations   of   power   station    and   sub- 
stations  on,    832-834;   facilities   to   be 
abandoned    by,    922,    924,    926;    4Oth 
Avenue  shops  of,  941 ;  number  of  steam 
locomotive-hours  of  service  and  loco- 
motives required  for  transfer  services 
on,   946;    limits   of   electrification   on, 
951 ;     improvements    precipitated     by 
electrification  of,  953,  954;  electrifica- 
tion   costs    as    compared    with    Com- 
mittee's plan,  954;  estimated  costs  of 
electrification    of,    by    three    systems, 
956-976;  estimated  expenditures  under 
operating  accounts  affected  by  change 
from  steam   to  electric  operation  on, 
983-1015. 

Chicago  &  North  Western  Station,  497. 

Chicago  &  Western  Indiana  Railroad  and 
the  Belt  Railway  of  Chicago;  grade 
crossing  on,  482;  bridge  of,  488;  state 
line  tower  of,  495;  passenger  station  of, 
502;  outermost  suburban  station  of, 
506;  freight  house  of,  513;  team  yard  of, 
515;  locomotive  terminal  of,  521; 
roundhouse  of,  525;  coach  yard  of, 
532;  suburban  train  of,  540;  increase  in 
suburban  traffic  on,  596;  multiple-unit 
service  on,  763;  extent  of  trackage  to 
be  electrified  on,  779,  781 ;  terminal 
facilities  to  be  abandoned  by,  918,  919; 
improvements  precipitated  by  electrifi- 
cation of,  954. 

Chimneys  and  smoke-stacks,  285,  287. 

Chlorin  compounds  as  components  of 
atmospheric  air,  34;  determination  of, 
39;  in  the  atmosphere,  274,  275,  277, 
278. 

Cincinnati,   bank   clearings   of,   9;   loco- 
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motive  smoke  inspectors  in,  52;  high 
mortality  rate  from  tuberculosis,  70. 

Cinder  arrester,  141,  142. 

"Cinder  catcher,"  57. 

Cinders,   coarse   and   fine,   defined,    141; 

chemical  classification  of,  141;  emitted 

by  locomotives  in  Altoona  tests,  147, 

1136. 
Cities,    comparative    statistics    of    eight 

largest,  3-9. 
"  Citizens'  Association"   (1874),  Chicago, 

18,  82. 
Clearances,  for  third  rail  contact  systems, 

753,  754;  for  overhead  contact  systems, 

754.  755.  856, 004;  alterations  to  bridges, 
buildings  and  tracks  to  secure  minimum, 
904,  905;  estimated  costs  of  securing 
minimum,  905-907. 

Clearing  Yard  (C.  U.  T.  Ry.),  512,  519, 
952. 

Clerks,  1002. 

Cleveland,  number  of  manufacturing 
establishments  in,  3;  capital  invested 
in  same,  3,  4;  compared  with  other 
cities,  3,  4,  6-8;  bank  clearings  of,  9; 
analysis  of  atmosphere  of,  and  statistics 
concerning,  47;  locomotive  smoke 
inspectors  in,  52;  report  on  smoke 
prevention  of  Chamber  of  Commerce 
of,  78;  changes  in  population  of,  1103, 
1106;  changes  in  area  of,  1106. 

Cleveland,  Cincinnati,  Chicago  &  St. 
Louis  Railway,  452,  502. 

Clinker,  in  Illinois  and .  Indiana  coal, 
1142,  1143. 

Coach  tracks,  453. 

Coach  yards,  locations  of,  529,  531,  532; 
facilities  provided  at,  532;  Chicago's 
largest,  532 ;  views  of,  532-534- 

Coal,  used  in  Chicago,  16,  48,  51,  102- 
127-  '35.  136,  144.  I5&-172.  175.  '?6, 
178-193,  280,  284,  285,  292,  1004,  1006, 
1007;  block  and  semi-block,  16;  cannel, 
16;  bituminous,  16,  18,  29,  30,  48,  54, 
55.  59,  137,  175.  179.  185.  1 86:  com- 
bustible elements  in,  29,  30;  anthracite, 
29,  54,  55,  185, -i 86;  consumption  of,  in 
Manchester,  40,  285;  in  Leeds,  41,  285; 
in  London,  41;  in  Glasgow,  43,  285;  in 
Hamburg,  44,  285;  in  Berlin,  45,  285; 
in  Dresden,  46;  in  other  German  cities, 
46;  in  Cleveland,  47,  285;  estimate  of, 
consumed  by  industries  in  Great 
Britain,  §l ;  amount  used  for  domestic 
purposes  in  Chicago  and  in  England,  51 ; 
smokeless,  54,  55,  59,  284;  smoky,  54, 
59,  284;  lignites,  54,  55;  briquettes,  54, 
55;  production  of,  54,  55;  brown  coal, 
55;  coalite,  55;  powdered  coal,  55; 
smokeless  combustion  of  bituminous, 
59,  63;  methods  of  introducing  into 
furnace,  59-63,  139,  140,  284;  general 
use  of,  64;  antiseptic  properties  of,  65, 
66;  used  for  locomotive  tests,  144-154, 
558-569,  573-579,  1123-1146;  used  by 
locomotives,  all  services,  175,  176,  178, 
opp.  178;  Pocahontas  (semi-bitumi- 
nous), 175,  179,  185,  186;  rank  of 
locomotives  as  consumers  of,  175,  176, 

178,  opp.  178;  used  by  steam  vessels, 

179,  181;   rank    of    steam   vessels   as 
consumers  of,  179;  used  by  high  pressure 
steam   stationary   power   and    heating 
plants,   182,  opp.   184,   184,   280,   292; 
rank  of  same  as  consumers  of,  182,  opp. 
184,  184;  used  by  low  pressure  steam 
and   other   stationary   heating   plants, 


185,  186;  rank  of  same  as  consumers  of, 
185,  opp.  1 86,  187;  character  of,  its 
bearing  upon  constituents  of  smoke, 
185;  used  by  manufacturing  and 
metallurgical  plants,  188,  opp.  190,  190; 
rank  of  same  as  consumers  of,  188, 
opp.  190,  190;  accurate  statistics 
relating  to,  191;  oil  equivalent  of,  191, 
193;  smoke  discharge  of,  compared  with 
smoke  from  oil,  192,  193;  dust  arising 
from  stored,  196;  consumption  of,  for 
electric  power,  280,  750;  relative 
standing  of  several  services  as  con- 
sumers of,  284;  chemical  composition 
of,  284,  1124-1146;  per  capita  con- 
sumption of,  in  Chicago,  Cleveland, 
Glasgow,  Manchester,  Leeds,  Hamburg, 
Berlin  and  Paris,  285;  gas  made  from, 
293,  294;  suggestion  to  substitute  gas 
for,  in  domestic  fires,  295;  hig^h  cost  of, 
one  reason  for  electrification,  700; 
saving  of,  by  eUvtritieation,  1004, 
1006,  1007,  1013,  1014;  used  by  yard 
locomotives,  1004,  1013,  1014;  used  by 
road  locomotives,  1006,  1007,  1013, 
1014. 

Coaling  stations,  see  under  Locomotive 
terminals. 

Coalite,  see  Coal. 

Coatbridge,  Scotland,  atmospheric  pol- 
lution in,  44. 

Cohen's  method  of  air  analysis,  37. 

Cohoe,  B.  A.,  66,  68. 

Coke,  nature  and  use  of,  55;  consumption 
of,  in  Area  of  In\  .  103-127; 

percentage  in  which  it  is  used  in 
Chicago,  185;  tonnage  used  in  Chicago, 
186;  percentage  used  by  manufacturing 
and  metallurgical  plants,  188,  190. 

"Coking"  method  of  firing  furnace,  60. 

Combustion,  process  of,  30;  complete,  30; 
incomplete,  30,  .u  :  'Vnix.d  tempera- 
ture," 30;  methods  for  effecting  an 
improvement  in,  59;  mechanical  and 
physical  aids  to,  62;  rates  of,  in  their 
relation  to  visible  smoke,  138;  rates 
of,  used  in  Altoona  tests,  147;  from 
locomotive  tests  in  Chicago  by  Com- 
mittee, 149;  rate  of,  while  running  for 
locomotive  services,  165;  gases  ojf,  in 
smoke,  percentage  for  each  service, 
opp.  170;  gaseous  products  of,  171; 
gaseous  products  of,  as  sources  of 
atmospheric  pollution,  173;  products 
of,  of  fuel  oils,  191;  of  refined  oils,  192; 
of  naphtha  and  gasoline,  193. 

Comfort  and  convenience,  effects  of 
electrification  on,  1027,  1028. 

Commonwealth  Edison  Company,  907, 
908. 

"Company  fuel"  defined,  103. 

Conductors,  yard,  1002. 

Contact  construction,  catenary,  for  single- 
phase  alternating  current  system,  720, 
723,  726-735;  types  of  bridges  for,  726, 
731,  860,  863-866,  868;  for  main  tracks, 
859,  867;  for  yard  tracks,  865. 

Contact  system,  functions  of,  715. 

Contact  system,  third  rail,  voltages 
employed  on,  703:  transmission  of 
energy  in,  704;  transmission  lines 
employed  for,  708 ;  substations  for,  711, 
712;  for  main  tracks,  715-719;  location 
of  third  rail  in,  715,  716;  position  of 
over  running  and  under  running  third 
rails  in,  717;  clearance  of  conductor 
rails  in,  718;  for  yard  tracks,  719;  views 
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of,  719,  721-724;  loi  "•  mil  motor 

cars  for,  739-741;  with  fourth  rail 
return,  743;  protection  for,  752;  gaps 
in,  753;  clearances  of  overhead  third 
rail  in,  753,  754;  reliability  of  operation 
with,  75.S,  7,S(>;  selected  as  a  basis  for 
Committ.  iates  of  cost  for  a 

single  road,  Hi  i,  8^5;  estimated  cost  of, 
for  C.  &•  X.  W.  Ry.,  95.5-976;  total 
estimated  cost  of,  for  entire  terminal, 
976-978;  estimated  operating  t-xpi 
Of  Chicago  terminals  under  oi>eration 
with,  983-1015;  net  operating  results 
in  Chicago  terminals  with,  ion),  1020. 

Contact  systems,  overhead,  with  high 
voltage  direct  current,  704,  732,  734; 
with  single-phase  alternating  current, 
704,  731,  732;  with  three-phase  alternat- 
ing current,  704,  732;  transmission  lines 
employed  for,  708;  substations  for,  712- 
715;  required  characteristics  of,  719, 
720;  catenary  construction  in,  720,  723, 
726,  731;  minimum  clearances  for 
overhead  working  conductors  in,  720, 
725-  754.  755!  views  of,  726-735! 
voltages  used  on,  731,  732;  types  of, 
732.  734:  protection  for,  752,  753; 
reliability  of  operation  with,  755,  756; 
definition  of,  856;  characteristics  of 
materials  required  for,  856,  857;  over- 
head construction  and  costs  for  1 1 ,000- 
volt  alternating  current,  857-873,  876; 
for  2,4oo-volt  direct  current,  872-876; 
bridge  warnings  for,  876-878;  spare 
parts  for,  903;  type  and  costs  of,  for 
C.  &  X.  W.  Ry.,  968,  969 ;  contingencies, 
allowance  to  cover,  836-838,  843,  849, 
853,  855,  «74,  877.  880,  884,  885,  902, 
005,  9>5.  944- 
Contract  relations  between  railroads,  452, 

453- 

Control  apparatus,  736,  737. 
Cook  County,  changes  in  population  of, 

1055.  1075-1077. 

Copper,  effect  of  smoke  upon,  78. 
Cornet, — ,  on  effects  of  soot,  66. 
Corwith  Station  (A.  T.  &  S.  F.  Ry.),  508. 
Corwith  Yard  (A.  T.  &  S.  F.  Ry.),  525, 

528. 

Costs  (estimated),  of  electrifying  the 
railroad  terminals  of  Chicago,  methods 
of  obtaining,  835;  based  on  electrifica- 
tion as  a  single  problem,  835;  period  of 
construction  covered  by,  836;  program 
of  construction  underlying,  836;  effect 
of  growth  of  Chicago's  trackage  and 
traffic  on,  836;  apportioned  to  individual 
railroads,  836;  affected  by  contingencies, 
836-838;  covering  engineering,  design, 
supervision  and  administration,  interest, 
insurance  and  taxes,  837,  838;  affected 
by  transfers  of  real  estate,  838,  839; 
of  interference  with  traffic,  839;  of  trial 
running,  839;  covering  changes  in 
existing  facilities,  839;  of  electrification 
of  tracks,  839,  840;  significance  of 
basis  governing,  840;  electrification 
not  a  complete  measure  of,  840,  841 ; 
scope  of,  841 ;  series  of  studies  on 
direct,  841,  842;  of  power  station,  843, 
844;  of  transmission  system,  844,  845, 
848,  849;  of  supporting  structures, 
845,  848,  849;  of  substations,  849,  853, 
854;  of  switching  stations,  855,  856;  of 
overhead  contact  system  for  11,000- 
volt  alternating  current,  869-873,  876; 
of  overhead  contact  system;  for  2,400- 
volt  direct  current,  873-876;  of  bridge 


warnings,  877,  878;  of  track  txmding. 
H7<>  HHl ;  of  return  '  in  mt,  8- 
induction  prevention,  x-  ; 

•em,  H8s,  *•"• 
i». I     .,,,;      ,,; 

securing     minimum     eN  '»oj 

907;  of  changes  in  wire 

of  changes  in  signal  system.  <ii  ;  'ii  v  of 

terminal     faeilitie.    n>    l>c    nl 

918,    929-931,     K>3M:    "f    transferring 

machinery.    'i.(o  <).;.?;   of    new    terminal 

facilitie-.  'n--  •))  \.  of  rolling  equip- 

to  be  released,  947-<).S  i ;  • 

by  I  •'!  a  single  mad,  >>SS  1)71,; 

Of    electrification     of    entire     terminal. 

976-978,   1037,   1038;  of 

lion  COmpand   with   steam   operation, 

979,  980. 
Cottrell  Electrical  Precipitation  Processes, 

291. 

Cottrell,  Dr.  F.  G.,  290,  292. 
Coullaud,  Dr.  H.,  67,  69. 
Cox,  Henry  J.,  210,  216. 
Crawford  locomotive  stoker,  62. 
Cross-bonding,    879;   estimated   costs   of 

installing,  880,  88 1. 
Crossings,  456-465,  477. 
Crossovers,  456-470. 
Crude  or  low  distillate  oils,  consumption 

of,   within   the   Area  of   Investigation, 

191. 

Culverts,  470,  986. 
Current  collectors,  736. 
Curtis,  Theo.  H.,  mechanical  engineer  of 

Committee,  vii,  26. 
Cushny,  on  effects  of  sulphurous  acid  in 

atmosphere.  68. 

D 

"Daily  Democrat,"  1109. 

"Dan  Patch"  line,  gasoline-electric  loco- 
motive used  on,  619. 

Davis,  Xorman  H.,  secretary  ad  interim  of 
Committee,  v,  26;  secretary  of  staff, 
vii,  26. 

"Day  Light  Special"  (I.  C.  R.  R.).  538. 

Dead-plate  in  furnace,  59,  60. 

Dearborn  Station,  location  of,  497,  501; 
railroads  using,  as  terminal,  502,  503; 
passengers  and  passenger  trains  handled 
in,  503,  505;  passenger  terminal  yard 
of,  522. 

Defrees,  Joseph  H.,  member  of  Com- 
mittee, V,  26. 

Delahaye,  quoted,  64. 

"Denver  Limited"  (C.  B.  &  Q.  R.  R.), 
537- 

Depreciation  charges,  1040-1043. 

Dering,  Charles  L.,  ex  officio  member  of 
Committee,  v,  26. 

Design,  allowance  for,  837,  838,  849,  853. 
855,  874,  877,  880,  884,  886.  902.  905. 
9>5.  944- 

Dessau-Bilterfeld  Railway,  clectrificmtloo 
of.  668,  670,  671,699.  701. 

"Destructive  distillation"  defined,  30. 

DCS  VODUX.  Dr.  H.  A.,  73- 

Detroit,  bank  clearings  of,  9;  locomotive 
smoke  inspectors  in,  52. 

Detroit  Edison  Company.  651. 

Detroit  Tunnel,  ttt  Michigan  Central 
Railroad. 


DiMel    oil    locomotive, 

.      Mt    alto    tindtr 
rnal     combustion.     Mid 

Diesel.   ()•  .  addraM  on  DieMl 

lot.  ••.•(  >>3\ 

ilties  attendant  upon  thr  tetrttion 
of  a  system  of  electric  tr.. 

•  current  system,  typical  high  vol- 
tage, 704;  transmission  ttnea  MM  on. 
708;  substation*  for.  712-714:  overhMd 
contact  system  for.  :\: 
voltages  employd  on.  734;  tuuJBiotireB 
and  motor  cars  for  ifldocthw 

interferes  .  m.  745;  selected  M  a  beeia 
for  Committee's  estimates  at  cost,  01 1 : 
costs  of  overhead  contact  system  (or. 
869  87 ;.  n-<>;  estimated  ro*t  of.  foe 
C.  &  V  \V  •'Xal 

mated  c«»t  of.  • 

1178;   estimated   operating  eapense 
imaU     under     oper 
:,  983-1015;  net  operating  r 
in  Chicago  terminal 

Dirt,  see  Dust. 

steam  operated,  effect  of  elec- 
trification of  Chicago  terminals  upon, 
1017  1019. 

Docks  and  wharves,  903;  coal  and  ore. 

1002. 

Dolton  Yard  (C.  &  B.  I.  R.  R.).5I7.«96. 

Domestic  fires,  smoke  produced  b-. 

295:  conclusions  of  British  ComOMMOD 
of  1846  concerning,  50. 

Donkin,  quoted  on  smoke,  31. 

Donnelley,  T.  E.,  vice-chairman  of  Com- 
mittee, v,  25. 

Down-draft  furnace,  62. 

Draft,  "forced"  and  "induced."  63;  its 
relation  to  visible  smoke.  138. 

Drainage  Canal,  miles  of,  within  the  Area 
of  Investigation,  too,  101. 

Drake   Railway   Automotrice  Company. 
6 1 8. 

Drawbridge  operation.  1008. 

Dredges,  see  Steam  vessels. 

Driving  mechanism,  tvpes  of,  73*. 

Duclaux.  E.,  36. 

Du  Pont-De  Nemoura  Powder  OnapMy, 
E.  I.,  290. 

Dust,  in  air.  35.  224.  226;  voliunt  capac- 
ity of.  in  the  air.  36;  effects  of.  lapOB 
solar    radiation,   36;   effects   of.   upon 
health.  64;  electrical  precipitation 
57;  diagram  of.  from  results  of  Alt'«oa 
tests,  147:  emission  of.  in  percentage  of 
fuel  fired.   147:  of  non-fuel  origin,  • 
Chicago.  160:  primary  sources  of.  l«M: 
bare  ground  areas  as  source  of.   I«M: 
in  atmosphere  of  Chkafo.  i«|;  stand 
materials,  back  yanto  and  roof*.  mro>* 
of.  196;  building  operations,  source  of. 
197-   street  construction   and   rn»»rs. 
sources  of.  l«8:  materiab  in  transit  OB 
streets  and  abrasion  of  street*  ami  *ds- 
walks.  sources  of.  199.  manufactunnt 
operations  and  waste  matcnaK  «mma 
of.    201:    secondary    sources   • 
elimination  of  atmospherK-.  a  fuw- 
of  efficiency  in  munior*!  hooarlwuang. 
204:    quantitative    measure    <X.    107 
•mounts  of.  due  to  strrrt  tral' 
fuel  orurm.  2oq:  efl. 
on.  282 :  ari-«in«  fmrr. 
284;   not   of   furl    on«i 
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amount  unavoidable,  1027;  percentage 
of,  in  Chicago  atmosphere,  1037;  per- 
centage of  reduction  of,  due  to  elec- 
trification, 1047;  see  also  Atmospheric 
pollution. 


Eastern  Interior  Coal  Basin,  16,  17. 

Edison  battery,  626. 

Edison-Beach  storage  battery  car,  626. 

Efficiency  values  adopted  for  electric 
operation,  824;  for  a  single  road,  831. 

Electric  energy,  as  substitution  for  solid 
fuels,  292,  293. 

Electric  operation,  under  steam  railroad 
conditions,  results  of,  701 ;  energy  units 
adopted  for,  819;  reliability  of,  com- 
pared with  steam  operation,  1022,  1023, 
1028. 

Electric  railways,  crossings  of,  472,  474; 
bridges  of/485,  486. 

Electric  service,  development  of,  in  Chi- 
cago, 58;  as  a  means  in  smoke  abate- 
ment, 58;  possible  benefits  to  be  de- 
rived through  an  extension  of,  1024, 
1026,  1028. 

Electric  traction  systems,  essential  ele- 
ments of,  703,  750;  comparison  of,  703; 
classification  of,  703;  early  applications 
of,  703;  contact  voltages  employed  on, 
703;  types  of,  704;  in  their  relation  to 
transmission  lines,  708 ;  development  of, 
749.  75°;  difficulties  attendant  upon  the 
selection  of,  8ll;  selected  as  a  basis  for 
the  Committee's  estimates  of  cost,  811 ; 
see  also  Contact  system,  overhead,  and 
Contact  system,  third  rail. 

Electrical  precipitation  of  solids  in 
smoke,  57. 

"Electrification  as  a  Remedy,  with 
Special  Consideration  of  the  Illinois 
Central,"  by  H.  H.  Evans,  19. 

Electrification  of  Chicago  terminals,  Ham- 
ilton Club's  inquiry  concerning,  19; 
history  of  consideration  of  subject,  19- 
26;  as  a  means  in  smoke  abatement, 
282,  1047;  estimated  costs  of,  580; 
difficulties  of,  700;  compared  with 
existing  electrifications,  701 ;  corpora- 
tions and  industries  concerned  in,  748; 
trackage  involved  in,  748,  749;  power 
supply  for,  750,  751;  transmission  sys- 
tem for,  751;  substations  for,  751;  joint 
facilities  for  the  generation  and  dis- 
tribution of  power  for,  751,  752;  con- 
tact system  for,  752-756;  rolling  equip- 
ment for,  756;  miscellaneous  equip- 
ment for,  756;  changes  in  signal  sys- 
tems for,  756,  757;  technical  feasibility 
of,  759,  760,  1047-1049;  outer  limits  of 
complete,  762;  outer  limits  of  partial, 
762;  estimated  cost  of,  835-951;  inde- 
terminate cost  of,  951-955;  estimated 
total  cost  by  systems  of,  976-978;  esti- 
mated operating  expenses  under,  983- 
1020;  operating  results  of,  1019,  1020; 
indeterminate  results  of,  1021-1028, 
1047;  effects  of,  upon  safety,  1029-1035; 
necessity  for,  1037,  1046;  installation 
cost  of,  1037,  1038;  sources  of  benefit  to 
be  expected  from,  1038,  10-59;  financial 
practicability  of,  1039-1045,  1049,  1050; 
as  a  railroad  investment,  1040-1044; 
as  a  municipal  investment,  1044;  sup- 
ported by  traffic  arbitraries,  1044,  IO45; 
purpose  of  Committee  on,  1046. 


"Electrification  of  Railway  Terminals," 
Chicago  City  Council  Report  on, 
1908,  19. 

Electrifications,  American  and  foreign, 
see  American  electrifications  and  Foreign 
electrifications. 

Electrolysis,  effects  of,  and  means  of  pre- 
venting, 743,  744,  757,  758,  883;  Chi- 
cago ordinance  passed  to  prevent,  757, 
758;  caused  by  street  railway  and  elec- 
trified steam  roads  compared,  758; 
estimated  costs  of  preventing,  for 
C.  &  N.  W  Ry.,  970. 

Elevated  railways,  as  affecting  suburban 
passenger  traffic,  596. 

Elgin,  Joliet  &  Eastern  Railway,  grade 
crossing  of,  479 ;  locomotive  terminal  of, 
521;  extent  of  trackage  to  be  electrified 
on,  793,  795,  796. 

Elting,  Howard,  member  of  Committee, 
v,  26. 

Emigration,  from  United  States  of  aliens, 
1077-1079. 

Empire  Slip  Yard  (B.  &  O  C.  T.  R.  R.), 
529,  533- 

Employes,  station,  1001. 

Energy  requirements,  methods  of  deter- 
mining, 818;  at  the  pantograph,  819- 
824;  for  the  average  day,  824,  825; 
at  pantograph  by  individual  roads,  827, 
828;  of  a  single  road  by  three  systems 
of  electrification,  827,  828. 

Energy  units,  adopted  for  electric  opera- 
tion, 819. 

Engine  houses,  locomotive,  within  Area 
of  Investigation,  101,  521;  number  of, 
in  city,  176;  locations  of,  524;  views  of, 
526,  527;  yard  expenses  of,  1003,  1004; 
road  expenses  of,  1006;  see  also  Termi- 
nals, locomotive. 

Engineering,  allowance  to  cover,  837,  838, 
843,  849,  853,  855,  874,  877,  880,  884, 
886,  902,  905,  915,  944 

Enginemen,  road,  1005. 

Enginemen,  yard,  1002. 

Engines,  Diesel  oil,  compared  with  gaso- 
line engines,  616;  in  marine  service,  616; 
on  locomotives,  619,  620,  629;  descrip- 
tions of,  621-624;  smokeless  operation 
not  insured  by,  629. 

Engines,  gasoline,  in  railroad  service,  616; 
for  propelling  small  water  craft,  616. 

Engines,  internal  combustion,  see  Engines, 
Diesel  oil;  Engines,  gasoline;  and  Loco- 
motives, internal  combustion. 

Englewood  Connecting  Railway,  elec- 
trification of,  806. 

Englewood  Yard  (L.  S.  &  M.  S.  Ry.),  940. 

Englewood  &  Chicago  Railroad,  626. 

English  Board  of  Trade  rules  on  use  of 
fourth  rail  return,  743;  limitations  on 
difference  of  potential  in  tracks,  744. 

English  electrifications,  character  of,  655; 
trunk  line  railroads:  North  Eastern 
Railway,  655,  656,  662;  Lancashire  & 
Yorkshire  Railway,  656,  657,  662; 
Great  Western  Railway,  657,  658,  662; 
Midland  Railway,  659,  662;  London 
Brighton  &  South  Coast  Railway,  655, 
659-662;  secondary  railroads:  Mersey 
Railway,  655,  661,  663,  664;  under 
construction  or  in  contemplation:  Lon- 
don &  North  Western  Railway,  663, 
664;  London  &  South  Western  Railway, 
664,  665;  fourth  rail  return  used  on 
743,  744- 


Equipment,  brake,  739. 

Equipment,  electric,  unit  costs  of,  901 ; 
estimated  costs  of,  901,  902,  of  cars, 
998. 

Equipment,  floating,  998,   1010. 

Equipment,  joint  terminal,  looi. 

Equipment,  miscellaneous,  746,  756,  757. 

Equipment,     multiple-unit,     amoun' 
quired  and  costs  of,  for  (.'.  X-  X.  \V.  Ry., 
971,  972- 

Equipment,  rolling,  see  Rolling  equipment. 

Equipment,  telephone,  746,  756. 

Equipment,  work  and  inspection,  re- 
quired for  electric  operation  of  Chicago 
terminals,  746,  898,  901 ;  estimated  costs 
of,  for  Chicago  terminals,  902;  amount 
required  and  costs  of,  for  C.  &  N.  W. 
Ry.,  971,  972;  renewals  and  deprecia- 
tion of,  998. 

Erie  Railroad,  car  float  of,  514;  electrifi- 
cation of  Rochester  Division  of,  643, 
646,  699. 

Erie  Street  Yard  (C.  &  N.  W.  Ry.),  529. 

Estimates  of  the  extent  of  electrification 
by  railroads,  765-810. 

Evans,  H.  H.,  "Electrification  as  a  Reme- 
dy with  Special  Consideration  of  the 
Illinois  Central,"  19. 

Evans,  L.  H.,  terminal  engineer  of  Com- 
mittee, vii,  26. 

Evans,  Dr.  W.  A.,  member  of  Committee, 
v,  25;  author  of  "Harm  of  Smoke,"  19; 
on  effect  of  smoke  on  health,  66,  68. 

Evergreen  Park  Transfer  Yard  (G.  T.  \V. 

Ry.).  <r,s. 

Ewcn,  John  M.,  19,  23. 
Express  service,  1010. 


Factories  in  Chicago,  48. 
Faur6  accumulator,  626. 
Federal    Bureau    of    Immigration,    1055, 
1078,  1080. 

Federal  Storage  Battery  Car  Company, 
626. 

Fences,  495,  498-500,  986,  987. 

Fifty-first  Street  Yard  (C.  &  W.  I.  R. 
R.),  451- 

Filters,  method  of  determining  soot  by 
means  of,  37;  contents  of,  used  in  air 
analysis  tests,  240-244,  248,  249,  256- 
273;  photomicrographs  of,  242,  243, 
266-272. 

Financial  and  trade  activities  of  Chi- 
cago. 9. 

Financial  practicability,  aspects  of  the 
problem  of,  1036,  1037;  installation  cost 
used  as  basis  of  analysis  ot,  1037,  1038; 
in  its  relation  to  possible  return  on  the 
investment,  1038,  1039;  test  of,  1039; 
in  its  relation  to  credit  of  the  railroads 
interested,  1039,  1040;  of  electrification 
as  a  railroad  investment  dependent 
upon  annual  charges,  1040-1044;  of 
electrification  as  a  municipal  invest- 
ment, 1044;  of  electrification  supported 
by  traffic  arbitraries,  1044,  1045;  con- 
clusions concerning,  1045;  summary  of, 
1049,  1050. 

Fire,  size  of,  in  its  relation  to  visible 
smoke,  139. 

Firemen,  effects  of  smoke  upon,  69. 


Firing,  tiH-thixls  of,  60;  care  in.  139;  by 
rx]M-ririiced  and  inexperienced  tin-im-n 
in  Alti.ona  1.  -ts,  I  144,  1145. 

First  main  track,  581-592. 
1  railroads  in  Illinois,  1 1. 

Flagmen,  crossing,  1008. 

Flamrway,  in  relation  to  visible  smoke, 
«36,  137- 

Flue  gases,  methods  of  determining  con- 
stituents of,  37;  analysis  of,  164. 

Fogs,  formation  of,  35;  in  Manchester,  40; 
in  London,  43,  73,  218-220;  in  Glasgow, 
44.  73.  74:  in  Hamburg,  45;  in  Berlin, 
46;  in  Paris,  46;  in  Chicago,  48,  220; 
intensity  of,  217;  relative  humidity  in, 
219;  effects  of  sunshine  on,  224,  225. 

Foreign  electrifications,  classification  of, 
631 ;  purposes  of,  631,  700,  701 ;  English, 
655-665,  701;  French,  665-668,  701; 
German,  668-675,  7°'.  7°2:  Swiss,  675- 
684,  702;  Italian,  684-690,  702;  Aus- 
trian, 689-692;  Hollandish,  692,  693; 
Norwegian  and  Swedish,  693-696;  Aus- 
tralian, 696,  697;  mileage  by  classes  and 
total  mileage,  699;  water  power  used 
in,  706;  voltages  employed  in,  732; 
series  and  repulsion  motors  employed 
in,  738;  type  of  pantograph  used  in, 
741 ;  type  of  motor  used  in  741;  three- 
phase  locomotives  used  in,  742;  motor 
cars  used  in,  742;  fourth  rail  return 
circuit  used  in,  743,  744;  list  cf  princi- 
pal, 1032,  1033. 

Foreman,  Milton  J.,  member  of  Commit- 
tee, v,  25;  author  cf  "Railroads  in  Re- 
lation to  Local  Transportation,"  19. 

"Form  i,"  typical  report  of  yard  loco- 
motive movements,  548,  553. 

"Form  i -A, "  re  tabulation  form  for  reports 
of  yard  locomotive  movements,  554,  555. 

"Form  2,"  typical  report  of  road  freight 
train  movements,  549,  553. 

"Form  3,"  typical  report  of  freight  trans- 
fer train  movements,  550,  553. 

"Form  4,"  typical  report  of  passenger 
transfer  train  movements,  551,  553. 

"Form  5,"  typical  report  of  passenger 
train  movements,  552,  554. 

"Form  7,"  monthly  statement  of  coal 
unloaded  from  cars  at  industries  with 
track  connections,  102,  103. 

"Form  8,"  coal  and  coke  unloaded  from 
cars  at  coal  yards  having  track  con- 
nections, 103. 

"Form  9,"  coal  and  coke  unloaded  from 
cars  at  team  tracks,  103. 

"Form  i6-A,"  typical  record  of  locomo- 
tive performance,  557,  558. 

"Form  28,"  typical  railroad  report  of 
freight  handled,  604,  605. 

"Form  31,"  typical  railroad  report  of  the 
number  of  passengers  carried,  594,  595. 

"Form  51,"  typical  form  used  by  rail- 
roads in  reporting  the  value  of  aban- 
doned property,  917. 

"Form  2345-A,"  retabulation  form  for 
reports  of  all  train  and  locomotive 
movements  except  yard  service,  556. 

"Form  A,"  statement  of  the  trackage  of 
a  railroad  route  element,  Chicago 
terminals,  453,  455. 

"Form  D,"  statement  of  bridges,  culverts 
and  overhead  crossings,  454,  484. 

"Form  E,"  statement  of  grade  crossings, 
454.  471- 
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"Kuril i  I-',"  itatemenl  n  ;ai  'mg  locomo- 
tive terminal  fa.  ilitir,,  SJM. 

"Form  H,"  statement  of  signals,  477. 

"Form  K,"  statement  ..f  i.n.os,  cattle- 
guards  and  signs,  4>).s,  . 

"Ki.nn  I,,"  nvord  ..f  re»ulU  obtained 
from  reports,  yii  5(13. 

Forster,  on  smoke  tests,  67. 

40th  Avenue  Yard  (C.  &  X.  W.  Ry.). 
512,  940. 

I4th  Street  Yard  (B.  &  O.  C.  T.  R.  R.), 
Si  i- 

"Fourth  rail"  return  circuit,  743. 

Franklin  Institute  of  Philadelphia  Smoke 
Conference,  64. 

Freight  houses,  tons  of  freight  handled  in, 
506;  locations  of,  506,  509;  in  business 
district  of  Chicago,  508;  types  of,  508, 
510-513;  connected  with  bores  of 
Chicago  Tunnel  Company,  510;  ton- 
nage handled  through,  604-607,  609, 
611. 

Freight,  loss  and  damage  to,  1010. 

Freight  stations,  see  Freight  houses. 

Freight  tonnage,  see  Freight  traffic. 

Freight  traffic,  handled  in  Chicago  ter- 
minals, 10,  604-612;  number  of  cars 
used  in,  604,  605,  607,  608,  610-613; 
tons  of  freight  handled  in,  604-607, 
609,  611-613;  rate  of  increase  in,  610- 
613;  estimated  future  growth  in,  612. 

Freight  trains,  handled  in  Chicago  ter- 
minals, 535,  536;  photographs  of,  541. 

Freight  transfer  service,  coal  consumed  in, 
105,  no,  opp.  no;  by  zone  districts, 
112-125;  density  of  locomotive  smoke 
in  the,  130;  j-elative  amount  of  visible 
smoke  produced  by,  135;  smoke  emit- 
ted by,  176,  177;  defined,  533;  report 
of  train  movements  in,  550,  556;  record 
of  locomotive-hours  of  service  and  coal 
consumed  in,  566;  locomotive-mileage 
for  average  day  in,  570;  ton-miles 
for  the  average  day  in,  572;  tons  of 
coal  burned  during  the  average  day  in, 
574;  locomotive-hours  of  service  for 
the  average  day  in,  575;  summary  of 
train  movements  and  coal  consumed  in, 
578;  summary  of  results  relating  to 
operation  and  traffic  in,  579;  scope  of, 
749;  traffic  chart  for,  813;  ton-miles  to 
be  handled  electrically  in,  816,  818; 
electric  locomotive-mileage  for  the  aver- 
age day  in,  816,  817;  energy  charts  for, 
820,  822,  829;  electric  locomotive  for, 
888;  under  electrification,  890,  891, 
896-898;  density  of  traffic  and  number 
of  locomotives  required  in,  890,  896- 
900;  locomotives  to  be  released  in,  945, 
947-950;  see  Switching  service. 

Freight  yards,  in  Chicago,  511,  512,  516- 
520;  views  of,  517-519- 

French  electrifications,  character  of,  665; 
trunk  line  railroads:  Orleans  Railway, 
665,  666,  669;  Midi  Railway,  665-669: 
secondary  railroads:  Midi  Railway 
(Villcfranche-Bourg-Madame  line),  666- 
669. 

French  Westinghousc  Company,  gasoline- 
electric  cars  manufactured  by,  618,  619. 

Fribourg-Morat-Anet  Railway,  electrified 
lines  of,  680,  683,  699. 

Fuel,  see  Coal,  Coke  and  Fuel  oils. 

Fuel  dust,  defined,  141:  chemical  classi- 
fication of,  141 ;  emitted  by  locomotives 
in  Altoona  test,  147,  1136-1141 
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Furnaces,  cUanAcation  of,  in  cttiea,  90; 

supervision  of  performance  of,  )j 

-.f    firing.    60;    «peciaC  It*. 
•  »mf.krl«-«.  288.  294:  nvtallurgiral  and 

manufacturing,  294. 


Galena  it  Chicago  Union  Railroad. 
Galewood  Yard   (C.   M.  &  St    P 

Gardner,  W.  A.,  member  of  CoBonttee, 

v,  25. 

Garfield  Boulevard  Yard  (P.  Ft.  W.  *  C. 
R>' •).  45L  935- 

Gas  and  coke  plants,  108-110,  112  i;< 
>3*.  135.  156,  157.  159-I'-I. 

Gas,  increased  use  of,  for  domestic  par- 
poses  and  in  power  plants,  5*;  M  sub- 
stitute for  solid  fuels.  293- 

Gaseous  constituents  of  srookr. 

164,  166,  171-174.   17:  187. 

189.    193.    280-283.   285.    1046.    1047, 
1143,  1144. 

Oiiei,  in  smoke,  origin  of,  163;  discharged 
from  chimneys  and  stacks,  163;  volume 
of,  per  ton  of  fuel  consumed  in  loco- 
motive services,  166;  in  all  set »  kg*.  167; 
relative  standing  of  earh  service  ax  pro- 
ducer of,  in  smoke,  167;  volume  at, 
emitted  in  smoke  for  each  service,  168- 
170;  of  combustion  in  smoke,  percentage 
for  each  service,  opp.  170;  summary  of 
analyses  of,  171;  from  steam  Liinaff- 
tives,  opp.  178;  from  steam  VMStli,  opp. 
180;  from  high  pressure  plants,  opp. 
184;  from  low  pressure  plants,  opp.  1 86; 
from  metallurgical  plants.  Opp.  190;  MV 
also  under  Gaseous. 

Gasoline  and  naphtha,  consumption  of. 
within  the  Area  of  Investigation.  191 ; 
products  of  combustion  of,  193. 

Gatemen,  1008. 

Gautier,  A.,  67. 

General  Electric  Com{>any,  gasoline-elec- 
tric can  built  by,  618,  619:  gasoiine- 
electric  locomotive  built  by,  619: 
storage  battery  mine  locomotive  built 
by.  627. 

General  expenses.  IOIO. 

Generating  stations,  gas  power.  706.  707. 

Generating  stations,  water  power  electric. 
706. 

Gcnoa-Savona  line,  ttt  Italian  Sute 
Railways. 

German  electrifications,  tuvicrtaken  by 
Prussian,  Bailrn  and  Bavarian  State 
Railway  Administrations.  66*-A7S; 
Zdsscn  experiments.  666-470;  trunk  MM 
railroads — Dessau- Bitterfel.l  Railway. 
670,  671;  Seconilary  railroads:  M:ttrn- 
wald  Railway.  671.  672.  674;  Wt«"*i»th»l 
Railway,  672-674:  utwlrr 
.>r  IT.  ><m:>  mplatioa:  MagjJebwrg-Lrip- 
Zlg-Hallr  Railway,  h;  \  *Jt- 

bahn  ("City  Railway  ').  *7.l.  «>74.  '•*«»• 
ban-Komrutrlt  Railway.  *:4.  *r5 
burK-Rcu-hmhall  Brnhtr^r»'>™     R*«l- 
way.  675. 
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Gibbs,  George,  vii,  623,  624,  1023. 

Gibbs  &  Hill,  consulting  electrical  engi- 
neers of  Committee,  vii,  26,  623. 

Gibson  Yard  (C.  I.  &  S.  R.  R.),  941. 

Gilding,  effect  of  smoke  upon,  78. 

Giovi  Railway,  electrified  lines  of,  684, 
685,  687,  688,  699,  702,  1032;  service 
on,  699. 

Giovi  Tunnel,  685. 

Glasgow,  Scotland,  43,  52,  69. 

Glenn  Yard  (C.  &  A.  R.  R.),  451,  896. 

Godfrey  Yard  (C.  M.  &  St.  P.  Ry.),  451, 
941. 

"Golden  Special"  (C.  &  N.  W.  Ry.),  537- 
Goss,  W.  F.  M.,  v,  vii,  19,  23,  25,  26. 
Grade  crossings,  protection  of,  454.  471- 

483;  over  and  under,  986,  987. 
Graham,  E.  R.,  member  of  Committee, 

v,  25. 

Grain  trade,  growth  and  extent  of  Chi- 
cago's, 9. 

Grand  Avenue  Yard  (C.  &  N.  W.  Ry.), 
5ii. 

Grand  Calumet  River,  miles  of,  within 
the  Area  of  Investigation,  loo,  101. 

Grand  Central  Station,  passengers  and 
passenger  trains  handled  in,  503-505. 

Grand  Trunk  Western  Railway,  history  of, 
14;  passenger  terminal  of,  503;  outer- 
most suburban  station  of,  506;  locomo- 
tive of,  544;  passengers  carried  by, 
596;  electrified  line  of,  648,  649,  654, 
699,  1032;  extent  of  trackage  to  be 
electrified  on,  795,  797;  Evergreen  Park 
transfer  yard  of,  935;  improvements 
precipitated  by  electrification  of,  953. 

Great  Britain,  commissions  of,  to  report 
on  smoke  abatement,  32,  50,  54;  coal 
consumed  in  1898  in,  51. 

Great  Northern  Railway,  electrified  line 
of,  649,  650,  654,  699,  1032;  three-phase 
system  used  on,  732;  three-phase  loco- 
motive used  on,  742. 

Great  Western  Railway,  electrified  lines 
of,  657,  658,  662,  699. 

Ground  cables,  848. 

Growth,  allowances  to  cover,  836,  838. 

Grubcr,  on  carbonic  oxid  in  air,  72. 

Gurnee,  Mayor,  and  the  reason  for  the 
location  of  the  I.  C.  R.  R.  terminal  on 
the  lake  front,  15,  16,  1109,  1112. 

H 

Hahn's  method  of  air  analysis,  37. 
Hall,  Richard  C.,  member  of  Committee, 
v,  25. 

Hall-Scott  Motor  Car  Company,  617. 
Hamburg,  Germany,  44,  75. 
Hamilton  Club,  inquiries  regarding  elec- 
trification, 19. 

Hammersmith  &  City  Railway,  657,  658. 
Hand-fired  furnaces,  methods  of  firing,  60. 
Hardie  motor  cars,  625. 
"Harm  of  Smoke,"  by  Dr.  W.  A.  Evans, 

19- 
Hawthorne  Yard  (C.  B.  &  Q.  R.  R.),  519, 

941. 

Haythorn,  Dr.  Samuel  R.,  70-72. 
Health,   effects   of    smoke    upon,   63-76; 
effects  of  soot  and  dust  upon,  64;  effects 


of  gaseous  elements  of  smoke  upon,  67; 
effects  of  electrification  on,  1027. 

Heating  plants,  see  Power  plants. 

Heckert  locomotive,  625. 

Heim,  Dr.  L.,  37,  68. 

Helium,  in  atmospheric  air,  34. 

Henderson,  George  R.,  consulting  mechan- 
ical engineer  of  Committee,  vii,  26. 

Hercules  Works  of  the  E.  I.  Du  Pont- 
De  Nemours  Powder  Company,  290. 

Hetzler,  H.  G.,  member  of  Committee, 
v,  25. 

High  pressure  steam  stationary  power  and 
heating  plants,  see  Power  plants. 

Hill,  E.  R.,  vii. 

Hoadley-Knight  motor  cars,  625. 

Hoffman,  B.,  member  of  staff,  vii. 

Holden,  Hale,  member  of  Committee, 
v,  26. 

Holdom,  Jesse,  chairman  of  Commit tiv, 
v,  25. 

Holland  Railway  (Rotterdam-Hague- 
Scheveningen),  electrified  lines  of,  692, 
^93,  699;  accidents  on,  1034. 

Hollandish  electrifications,  secondary 
railroads,  692,  693. 

Hollerith  system  of  mechanical  tabulation, 

•04.  558-561. 
Holman,  Dr.  W.  L.,  72,  74. 

Hoosac  Tunnel,  see  Boston  &  Maine 
Railroad. 

Hotels,  density  of  smoke  from,  134. 

Humidity,  absolute,  denned,  218. 

Humidity,  relative,  defined,  34;  record  of, 
213;  in  cities,  218;  during  fogs,  218,  219; 
of  Chicago,  225. 

"Hump"  yards,  512. 

Hydrocarbons;,  temperature  of  combus- 
tion of,  30;  as  components  of  atmos- 
pheric air,  34. 


I 

Illinois,  organized  as  territory,  I;  organ- 
ized as  state,  2;  first  railroads  in,  u; 
number  railroads  in,  in  1860,  13;  coal 
fields  of,  1 6,  17;  as  oil  producing  state, 
191;  changes  in  population  of,  1055, 
1072-1081;  see  also  Illinois-Indiana 
coal  fields. 

Illinois  and  Michigan  Canal,  2,  9. 

Illinois  Central  Railroad,  history  of,  14, 
15;  position  on  lake  front,  15,  16,  1109, 
1 1 12;  railroad  lines  owned  and  operated 
by.  452;  grade  crossing  on,  481,  482; 
bridge  on,  487,  489;  signal  systems  on, 
493;  passenger  station  of,  502;  passen- 
ger traffic  of,  502 ;  number  of  passengers 
handled  during  1912  and  number  of 
through  trains  per  day,  505;  outermost 
suburban  stations  of,  506;  suburban 
station  of,  507;  freight  house  of,  508 
510,  511;  Wild  wood  Yard  of,  512; 
Jackson  Street  Yard  of,  517;  South 
Water  Street  Yard  of,  518;  locomotive 
terminals  of,  521;  I2th  Street  Yard  of, 
529,  532;  coach  yard  of,  532;  "Day 
Light  Special"  of,  538;  suburban  train 
of.  539;  transfer  train  on,  541 ;  suburban 
passenger  locomotive  of,  543;  passen- 
gers carried  on,  596;  increase  in  subur- 
ban traffic  on,  596;  number  of  freight 
cars  and  tonnage  of  freight  handled  by, 


611;  multiple-unit  service  on,  763;  ex- 
tent of  trackage  to  be  electrified  on, 
795.  798;  facilities  to  be  abandoned  by, 
924,  928;  Burnside  shop?  of,  940,  941; 
Hawthorne  Yard  of,  941  ;  improvements 
precipitated  by  electrification  of,  954. 

Illinois  Geological  Survey,  first,  of  coal 
fields,  16, 

Illinois-Indiana  coals,  16-18,  137,  144, 
145,  172.  '75.  284,  293,  1123-1146. 

Illinois  Northern  Railway,  453;  engine 
house  of,  526;  switching  locomotives  of, 
546;  extent  of  trackage  to  be  electrified 
on.  795.  799.  800. 

Illinois  Railroad  and  Warehouse  Commis- 
sion, 596. 

Immigration  of  aliens  to  United  States, 
1077-1079. 

Immigration  service,  1077. 
Indeterminate  costs,   character  ot,   951- 
955;  as  interpreted  by  railroads  affected, 
955- 

Indeterminate  results,  to  be  anticipated 
from  electrification  of  Chicago  termi- 
nals, 1021-1028. 

1  ni liana,  coal  fields  of,  H>,  17;  see  Illinois- 
Indiuna  coals. 

Indiana  Harbor  Belt  Railroad,  Argo  Yard 
of.  5'°:  transfer  train  mi,  541 ;  extent  of 
trai-kiiKi-  to  t»  i  on,  799,  801. 

Inductive  interference,  effects  of,  and 
means  of  overcoming,  7.44  741,,  758, 
759,  882,  883,  i  pre- 

venting,  884; 
venting,  for  C.  &  N.  \V.  Ry..  970. 

Industrial  tracks,  orivauly  owned,  see 
Tracks,  industrial. 

Injuries  to  persons,  expenditures  charge- 
able to,  993,  iooi,  1010. 

Inner  Circle  Railway,  663. 

Insurance  during  construction,  allowance 
to  cover,  837,  838.  849,  853,  855,  ,^74, 
•V7.  SKo,  884,  886,  9o.\  905,  ni.s,  944. 

Interborough  Subway  (New  York  City), 
repairs  to  motor  cars  on,  996,  997. 

Interest,  during  construction,  allowance  to 
cow  (8,  849,853.  855,  »?4.  877, 

880,    884,    886,    902,    905,    915,    944; 
charges,  1040. 

Interlocking  plants,  in  Area  of  Investiga- 
tion, 101,  477,  494,  496,  911;  locations 
of,  912;  increase  in  operating  and  main- 
tenance expense  of,  987-989,  1008. 

Interlocking  towers,    101,   477,   493-495. 

Interstate  Commerce  Commission,  re- 
ports of,  454,  916,  981,  1029,  1030, 
1040. 

Italian  electrifications,  character  of,  684; 
trunk  line  railroads:  Giovi  Railway, 
684,  685,  687,  688;  Mt.  Cenis  Railway, 
686-688;  secondary  railroads:  Turin- 
Pinerolo  Railway,  686,  687;  Valtellina 
Railway,  686,  689,  690;  light  service 
railroads:  Milan-Porto  Ceresio  Railway, 
687-690;  electric  installations  on,  684- 
690,  699,  1032. 


J 


Jackson,  Prof.  H.,  78. 

Jackson  Street  Yard  (I.  C.  R.  R.),  517. 

Jackson,   Wm.    B.,    19,   23. 

Jacobi,  Dr.  A.,  64. 
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"Jointly  owned"  tracks,  453. 
Junctions,  map  showing  Ideation  of  rail- 
road, 106. 
Jura-Simplon  Railway  Company,  676. 

K 

Kaiscrlich  Deutsches  Rcichs-Eisonbahn- 
Amt,  io;,d. 

Kensington  &  Eastern  Railroad,  452. 

Kentucky,  coal  fields  of,  16. 

Kcw  Gardens,  effects  of  smoke  upon,  76, 
77- 

Kimbark,  E.  U.,  ex  officio  member  of 
Committee,  v,  26. 

King,  R.  P.,  62. 

Kinzie,  John,  "The  Father  of  Chicago,"  I. 

Kiruna-Riksgransen  Railway,  electrifi- 
cation under  construction,  695,  696. 

Kister,  Dr.,  68,  74,  75. 

Klose,  Adolph,  621. 

Klotz,  Dr.  Oskar,  64,  65,  72. 

Krypton,  in  atmospheric  air,  34. 


Lake  Shore  &  Michigan  Southern  Rail- 
way, history  of,  14;  smoke  washer  used 
on,  57 ;  signal  bridges  on,  477 ;  bridge  on, 
488,  489;  passenger  terminal  of,  505; 
outermost  suburban  station  of,  506; 
suburban  station  of,  507;  freight  houses 
of,  508,  513;  wheel  yard  of,  522;  loco- 
motive terminal  of,  525;  coach  yard  of, 
529,  532,  533;  "20th  Century  Limited" 
of,  536;  freight  locomotive  of,  544; 
switching  locomotive  of,  545;  passen- 
gers carried  by,  596;  number  of  freight 
cars  and  tonnage  of  freight  handled  by, 
611;  multiple-unit  service  on,  763; 
extent  of  trackage  to  be  electrified  on, 
799,  802;  facilities  to  be  abandoned  by, 
920-922,  927;  Englewood  Yard  of ,  940. 

Lake  Shore  &  South  Bend  Railway,  grade 
crossing  on,  479. 

Lake  traffic  of  Chicago,  9,  10. 

Lancashire  &  Yorkshire  Railway,  elec- 
trified lines  of,  656,  657,  662,  699,  1032. 

Land,  as  affecting  costs,  838,  839. 

La  Salle  Street  Station,  passengers  and 
passenger  trains  handled  in,  505. 

Lauban-Konigszelt  Railway,  proposed 
electrification  of,  674,  675,  701,  702. 

Leased  rights  over  railroad  property,  453. 

Leeds,  England,  41,  50,  64. 

Lehman,  on  effects  of  soot,  66. 

Less-than-carload   freight,    12,   510,   604. 

Liefmann,  Dr.  H.,  37,  39,  7«- 

Liefmann's  Sedimentation  Method,  37. 

Lighterage  service  on  Chicago  River,  107, 
112-125,  132,  135,  510,  514. 

Lignites,  see  Coal. 

Limestone,  effect  of  smoke  upon,  78. 

Limits  of  electrification,  need  of  defined, 
762;  beyond  city  limits,  761,  762; 
multiple-unit 'service  within,  762,  763; 
as  affected  by  operating  conditions,  763; 
general  considerations  in  regard  to,  764. 

Line  inspection  cars,  901. 

Literature  relating  to  smoke  abatement, 
27.  48,  59.  80,  81. 


Little  Calumet  RIVIT,  mile*  of,  within  the 
Area  of  Investigation,   UNI,   i»i 

Live  stock,  receipts  of,  in  Chicago,  3. 
Liverpool,  S3. 

Locomotive  cobs  and  car  bodies,  738,  7  v> 
Locomotive  houses,  electric,  756. 
Locomotive    performance,    in], I    tests    to 

determine,  556-558. 
Locomotive  services,  classification  of,  886; 

types  of  locomotives  employed  in,  886, 

887. 
Locomotives,  compressed  air  storage,  015, 

625;  in  Chicago  terminals.  (<2i>. 

Locomotives,  electric,  compared  with 
storage  battery  locomotives,  (128;  main 
elements  of,  734;  current  collecting 
devices  used  on,  736;  control  apparatus 
°fi  736,  737:  motor  equipment  of,  737, 
738;  driving  mechanism  of,  738;  cabs 
of,  738;  truck  arrangement  of,  739; 
brake  equipment  of,  7.v>;  views  of,  -  v». 
740,  742,  745;  for  third  rail  contact  sys- 
tems, 739,  740;  for  high  voltage  direct 
current  overhead  contact  systems,  740, 
742;  for  single-phase  overhead  contact 
systems,  740-744;  for  three-phase  over- 
head contact  systems,  742-745;  no 
standardised  type  of,  H86;  compared 
with  steam,  887,  888,  1021;  for  yard 
service,  887,  895-900;  for  road  freight 
service,  887,  888,  894,  895;  for  freight 
transfer  service,  888,  896-900;  for 
passenger  service,  888,  890-892;  for 
entire  terminal,  qoo;  estimated  co? ' 
equipping  Chicago  terminals  with, 
901,  902;  spare  parts  required  for,  902, 
903;  standard  houses  for  care  of,  935- 
937;  number  required  and  costs  of,  for 
C.  &  N.  W.  Ry.t  971,  972;  repairs  to, 
994,  995;  renewals  of,  995;  depreciation 
of,  995- 

Locomotives,  freight,  see  under  Locomo- 
tives, electric,  Locomotives,  steam. 

lyocomotives,  gasoline,  see  Locomotives, 
internal  combustion. 

Locomotives,  hot  water  storage,  615,  625. 
626;  in  Chicago  terminals,  629. 

Locomotivs,  internal  combustion,  classi- 
fication of,  615;  with  mechanical  drive, 
615,  617;  electric  drive,  615,  617-619; 
compressed  air  drive,  615,  619,  620; 
hydraulic  drive,  615,  620;  direct  con- 
nected motor,  615,  620-624;  difficulties 
met  in  designing,  616;  in  terminal  yards, 
616;  as  substitutes  for  steam  locomo- 
tives, 617;  equipped  with  Diesel  en- 
gines, 621-624,  629;  in  Chicago  termi- 
nals, 628,  629;  smokeless  operation  not 
insured  by,  629. 

Locomotives,  passenger,  see  under  Loco- 
motives, electric,  Locomotives,  steam. 

Locomotives,  road,  fuel  and  water  for, 
1006;  lubricants,  1007,  1008:  supplies 
for,  1008. 

Locomotives,  steam,  first  out  of  Chicago, 
2;  number  of,  in  Chicago,  48;  methods 
used  in  determining  coal  contained  by, 
104;  coal  and  coke  consumed  within 
Area  of  Investigation  by,  109,  no.  opp. 
no;  coal  and  coke  consumed  in  Zone 
Districts  by,  112-127;  density  of  smoke 
from,  130;'  relative  amount  of  visible- 
smoke  produced  by.  135,  «pp-  136; 
solid  constituents  of  smoke  from,  141, 
176  171*;  tests  on,  in  yard  anil  transfer 
service,  141-143:  lntx>ratory  tests  of 
smoke  from,  at  Altoonu,  I'a.,  143- U": 


MMlU  of  teeu  uteri  to  detenabM 
•mount  of  mli<U  emitted  to,  147-149. 
IM  .  detenntaatfoos  of 

. 

I-  i  174.17;  '"*.  fuel  coMomptioB  of. 

175.     opp       I7H.     ,<*.  ,6, 

visible  *nvike  (mm,  175,  176 
rank  of,  M  Mnoke  producers  i 
<77. 


lion    by     ,mokc    fr.,rn,     i;t.    jti,.    , 
substitutes    for,    .-,  -anfe*   • 

design  of.  281;  terminal  w*- 

539;    types   <•'  ;'..    Pacific 

type.  54' ;   I1'  Atlantic 

type-,  542;  ten-wheel  type.  54';  Amer- 

• 

Mikado  type,  544;  consolidation  type, 
544;  Mogul  tyi>e.  544;  eight-whrrl  type. 
545;  six-wheel  type,  545;  four  wheel 
t>-|-  .  •nmary  of  results  of  tests 
"f,  5'"*.  .177  579:  services  perform. 
Chicago  terminals  by,  614,  615;  essso- 
tial  characteristics  of.  614,  615;  to  be 
released  in  all  services  under  electric 
operation,  944-950;  first  cost  *ad 
release  value  of.  947-95':  repairs  to, 
994.  995:  renewals  of,  995;  depreciation 
of,  995:  elimination  of,  from  Chicago 
terminals,  1047. 

Locomotives,  storage  battery,  615.  626; 
in  switching  service,  627,  628;  compared 
with  electric  locomotives,  628;  in  Chi- 
cago terminals,  629. 

Locomotives,  suburban,  see  under  Loco- 
motives, electric.  Locomotives,  steam. 

Locomotives,  switching,  see  under  Loco- 
mot  •  -re.  Locomotives,  steam. 

Locomotives,  yard,  report  of  movements 
of,  54«.  555;  fuel  for.  1004;  water  for. 
1004.  1005;  lubricants  for,  1005;  sup- 
plies for,  loo* 

Lodge,  Sir  Oliver,  57,  200. 

Tdfttlil'hfrtH  Railway,  electrified  lines  of. 
676-678,  699,  1032. 

LoetschU-rg  Tunnel,  see  Loetschbcrf 
Railway. 

London,  coal  consumption  soot  (aft*,  soot 
deposits,  dust,  sulphur  in  atmosphere, 
fogs,  sunshine.  41 ;  classification  of  fur- 
naces in,  50;  locomotive  smoke  inspec- 
tors in,  52;  fogs  in,  73.  217-220;  relative 
mortality  from  chest  diseases  in.  74; 
sunshine  record  of.  74:  soot  deposit  of. 
78;  as  compared  with  Chicago.  316.  317; 
see  also  English  electrifications. 

London.  Brighton  &  South  Coast  Railway. 
electrified  lines  of.  655.  65O-66t.  6fft, 
1032;  accidents  on,  1034. 

London  Cool  Smoke  Abatement  Society. 

54 

London  Electric  Supply  Corporation.  660. 

Ixnidon  Smoke  Abatement  OwfereaoS), 
IQI2.  38. 

London  ft  North  Western  Railway,  pro- 
posed electrification,  663.  «M. 

London  ft  South  Western  Railway,  pro- 
posed electrification.  (164.  665. 

Long  Island  Railroad,  storage  K. •  •  -  -       ».- 
used  on.  bH>:  •%>  •:-.•'•!   Irtx-t  <J.  6.11. 
632,  63!*.  t*19.  lo.U  .  in 
6j«>:  tran-imwMiin  line  no.  7«».  noltuJe- 
unit  train  nfierating  on.  741    f>  • 
snow  anil  icr  (mm  tracks  i*.  9*};  e«- 
pense   »f   nvain't  t-.i;1.  •       '    " 
line  on.  qql.  v*3'.  rrjMur*  tt>  mo«i*  >T»T» 
on.  996,  <|<i7;o;Tra!i"ii  .1 
of    sulwtatxm*    '*i.    WPt.    rrlioUhtv    . 
electric  service  on.  loii.  u>j» 
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"Loop  district"  of  Chicago,  100. 
Louisiana  Purchase  Exposition,  fuel  tests, 

54- 
Low  pressure  steam  and  other  stationary 

heating  plants,  see  Power  plants.. 

M 

Macfie,  Ronald  C.,  36,  74. 

Machine  shop,  plan  of  standard,  939,  940. 

Machinery  and  tools,  shop,  998. 

Machinery,  to  be  transferred,  930—932. 

Magdeburg-Leipzig-Halle  Railway,  elec- 
trification under  construction,  673,  701, 
702. 

Main  running  tracks,  100,  101,  453,  456- 
460. 

Make-up  and  put-away  passenger  service, 
traffic  charts  for,  815,  816;  ton-miles  to 
be  handled  electrically  in,  816,  818; 
electric  locomotive-mileage  for  the 
average  day  in,  816,  817;  car-mileage 
for  the  average  day  in,  816,  817; 
energy  charts  for,  821,  823,  830. 

Manchester,  England,  40,  52,  70,  74. 

Manhattan  Elevated  Lines,  999. 

Manly,  Charles  M.,  hydraulic  drive 
device  for  locomotives  designed  by,  620. 

Manufacturers'  Junction  Railway,  799. 

Manufacturing  and  metallurgical  plants, 
classified  as  smoke  producers,  50,  132, 
134-136,  153,  opp.  154,  155-162,  167- 
174,  188-190;  fuel  consumed  by,  51, 
108-110,  112-125,  156-158,  188,  opp. 
190,  190;  furnaces  of,  52,  59,  294; 
recommended  regulation  of,  1052. 

Manufacturing  center,  Chicago  as  a,  3. 

Manufacturing  establishments,  number 
of,  in  Baltimore,  Boston,  Chicago, 
Cleveland,  New  York,  Philadelphia, 
Pittsburgh  and  St.  Louis,  3,  6;  ratio  of 
increase  of,  3,  4;  capital  invested  in, 
3,  4,  6;  value  of  products  of,  4,  5,  8; 
wage  earners  employed  by,  7;  amounts 
paid  to  wage  earners  in,  8;  cost  of 
materials  used  in,  8;  number  of,  in 
Cleveland,  47;  in  Chicago,  48;  as  smoke 
producers,  50. 

Manufacturing  operations  as  a  source  of 
dust,  201. 

Marble,  effect  of  smoke  upon,  78. 

Marcy,  C.  H.,  71. 

Mariner  &  Hoskins,  members  of  staff,  vii. 

Masson,  Prof.  Orme,  30,  31. 

Materials,  in  transit  on  streets,  as  source 
of  dust,  199;  waste,  as  source  of  dust, 

201. 

McKeen  motor  cars,  617. 

Mechanical  stokers,  61. 

Mekarski  motor  cars,  625. 

Mellon    Institute    of    the    University    of 

Pittsburgh,  54. 

Mercantile  center,  Chicago  as  a,  5. 
Merchants'  Lighterage  Co.,  lighter  of,  514. 
Merriam,  C.  E.,  19,  23. 
Mersey  Railway,  electrified  lines  of,  655, 

661,  663,  664,  699. 
Meserve,  quoted  on  effects  of  smoke  on 

health,  67. 

Metal  work,  effect  of  smoke  upon,  78. 
Metallurgical   plants,   see   Manufacturing 

and  metallurgical  plants. 


Metropolitan  District  Railwav,  accidents 
on,  1034. 

Metropolitan  "L, "  grade  cross;ng  on, 
480;  bridge  of,  488. 

Metropolitan  Railway,  658:  accidents  on, 
1034. 

Metropolitan  Railway  Act  of  1898,  658;  of 
1902,  658. 

Meyer,  Ernst  C.,  member  of  staff,  vii. 

Michigan  Central  Railroad,  history  of,  14; 
grade  crossing  on.  480;  passenger 
terminal  of,  502;  "Wolverine"  of,  537; 
electrified  line  of,  650,  651.  654,  699, 
1032;  electric  locomotive  used  on,  739; 
extent  of  trackage  to  be  electrified  on, 
803,  804;  improvements  precipitated  by 
electrification  of,  954. 

Midi  Railway,  electrified  lines  of,  666- 
669,  699,  701. 

Midland  Railway,  electrified  lines  of, 
659,  662,  699. 

Milan-Porto  Ceresio  Railway,  electric 
operation  of,  687-690,  699,  1032,  1033. 

Miller,  Darius,  member  of  Committee, 
v,  25. 

Milwaukee,  bank  clearings  of,  9;  loco- 
motive smoke  inspectors  ir>,  52. 

Minneapolis,  locomotive  smoke  inspectors 
in,  52. 

Minneapolis,  St.  Paul,  Rochester  & 
Dubuque  Electric  Traction  Company, 
lines  of,  619. 

Minneapolis,  St.  Paul  &  Sault  Ste.  Marie 
Railway,  history  of,  14;  change  in 
terminal  of,  498;  passenger  terminal  of, 
502;  freight  house  of,  510,  511;  pas- 
sengers carried  by,  596;  number  of 
freight  cars  and  tonnage  of  freight 
handled  by,  611;  electric  operation  of, 
over  tracks  of  other  roads,  803. 

"Minor  yard,"  512. 

Mittenwald  Railway,  electric  operation 
of,  671,  672,  674,  699. 

Moisture,  effect  of,  upon  gases  in  smoke, 
172. 

Monon  Railway,  see  Chicago,  Indian- 
apolis &  Louisville  Railway. 

Montana  Power  Company,  641,  653. 

Morgan  ^ark,  581. 

Motor  cars,  compressed  air  storage,  615; 
Hardie,  Mekarski,  Hoadley-Knight, 
625;  in  Chicago  terminals,  629. 

Motor  cars,  electric,  grouped  in  trains, 
734;  current  collecting  devices  used  on, 
736;  control  apparatus  of,  736,  737; 
motor  equipment  of,  737,  738;  driving 
mechanism  of,  738;  car  bodies  for,  738, 
739;  truck  arrangement  of,  730;  brake 
equipment  of,  739;  for  third  rail 
contact  systems,  740,  741 ;  for  high 
voltage  direct  current  overhead  contact 
systems,  740-742 ;  for  single-phase  over- 
head contact  systems,  740,  741,  744; 
for  three-phase  overhead  contact  sys- 
tems, 742. 

Motor    cars,    gasoline,    see    Motor  cars, 

internal  combustion. 
Motor  cars,  hot  water  storage,  615,  625, 

626,  629. 

Motor  cars,  internal  combustion,  classifi- 
cation of,  615;  with  mechanical  drive, 
615,  617;  electric  drive,  615,  617-619; 
compressed  air  drive,  615,  619,  620; 
hydraulic  drive,  615,  620;  direct  con- 


nected motor,  615,  620-624;  McKeen, 
617;  in  Chicago  terminals,  629. 

Motor  cars,  multiple-unit,  for  suburban 
passenger  service,  888,  889;  number 
required,  889,  890;  in  passenger  service, 
892-894,  estimated  costs  of  equipping 
Chicago  terminals  with,  901,  902; 
spare  parts  required  for,  902,  903; 
standard  house  for  the  care  of,  925,  938, 
940;  repairs  to,  995-098. 

Motor  cars,  storage  battery,  615,  626; 
Edison-Beach,  626;  in  Chicago  ter- 
minals, 629. 

Motor  equipment,  types  of,  737,  738. 

Motorcycles  and  automobiles,  number 
licensed  by  city  of  Chicago,  199. 

Motormen,  1005. 

Mt.  Cenis  Railway,  electrified  lines  of, 
686-688,  699,  1032. 

Multiple-unit  control,  736,  737. 

Multiple-unit  service,  provisions  for,  762, 
763;  in  suburban  service  on  various 
railroads,  763;  car-mileage  for  the 
average  day  in,  816,  817;  ton-miles  to 
be  handled  in,  818. 

Multiple-unit  trains,  734,  741,  742,  744. 
889,  1022. 

Municipal  Art  League's  Committee  of 
Smoke  Prevention,  1 8. 

Municipal  plants,  density  of  smoke  from, 
134- 

Municipal  reports,  population  statistics 
based  on,  1091,  1096,  1102,  1105-1108. 

Muriatic  acid  in  atmospheric  air,  35. 

Murphy  stoker,  62. 

N 

Naphtha  and  gasoline,  consumption  of, 
within  the  Area  of  Investigation,  191; 
products  of  combustion  of,  193. 

Navigable  waters,  within  the  Area  of 
Investigation,  101. 

Neon,  in  atmospheric  air,  34. 

New  Orleans,  bank  clearings  of,  9. 

New  York,  number  of  manufacturing 
establishments  in,  3;  capital  invested 
in  manufactures  in,  3;  compared  with 
Chicago,  3,  4,  6-8;  value  of  manu- 
factured products  of,  4;  bank  clearings 
of,  9;  postal  money  order  business  of,  9; 
population  of  industrial  zone  of,  10,  u, 
1083,  1087-1092,  1097,  1098,  1103, 
1104;  locomotive  smoke  inspectors  in, 
52;  wind  velocities  in,  216;  temperature 
in,  217,  218. 

New  York  Central  Lines,  smoke  washing 
plant  of,  289;  electric  service  on,  1022. 

New  York  Central  &  Hudson  River  Rail- 
road; electrified  lines  of,  633,  634,  638, 
699,  1031;  purpose  of  electrification  of, 
700;  freight  service  on,  701 ;  steam  power 
station  of,  705,  706;  transmission  line 
on,  710;  substation  of,  712;  third  rail 
contact  system  on,  721,  722;  electric 
locomotive  used  on,  739;  multiple- 
unit  train  operating  on,  741;  reliability 
of  electric  operation  on,  1023,  1024. 

New  York,  Chicago  &  St.  Louis  Railroad, 
history  of,  14;  passenger  terminal  of, 
505;  passengers  carried  by,  596;  extent 
of  trackage  to  be  electrified  on,  803, 
805. 

New  York  Connecting  Railroad,  636. 


York  Edison  Company,  cinder 
catcher  used  by,  57;  experiments  on 
electric  condensation  of  smoke  by, 
57;  smoke  washing  device  used  by,  289. 
New  York,  New  Haven  &  Hartford  Rail- 
road; electrified  lines  of,  634-636,  638, 
699,  1031 ;  yard  service  on,  699;  purpose 
of  electrification  of,  700;  freight  switch- 
ing service  on,  701 ;  transmission  line  on, 
711;  substation  of,  714;  overhead 
contact  system  on,  727,  728-730; 
electric  locomotives  used  on,  743; 
inductive  interferences  on,  758;  trans- 
mission of  power  on,  1000;  reliability 
of  electric  service  on,  1022. 

New  York  Railroad  Club,  1023. 

New  York  Subway,  999. 

New  York,  Westchester  &  Boston  Rail- 
way, electric  operation  of,  645,  646,  699; 
overhead  contact  system  on,  728; 
switching  station  on  anchor  bridge  on, 
731;  electric  locomotive  used  on,  744; 
expense  of  maintenance  of  transmission 
line  on,  991  •  repairs  to  motor  cars  on, 
997,  looo. 

Newcastle-on-Tyne  Electric  Supply  Com- 
pany, 656. 

Nicholson,  quoted  on  furnace  firing,  60. 

Nitric  acid,  in  the  atmosphere,  226. 

Nitrites  in  atmosphere,  Berlin,  45. 

Nitrogen  acid  compounds  :n  air,  29, 
33-35.  225;  determination  of,  39;  in 
air  of  Cleveland,  47;  in  air  of  Chicago, 
48. 

Nitrous  acid,  in  the  atmosphere,  226,  273, 
274.  277- 

Niven,  Dr.,  74. 

Norfolk,  United  States  Government  tests 
of  fuels  and  furnaces  at,  54. 

Norfolk  &  Western  Railway,  electrifica- 
tion under  construction,  652;  sub- 
station of,  714;  electric  locomotive  used 
on,  744;  maintenance  of  transmission 
line  on,  990. 

North  Eastern  Railway,  electrified  lines 
of.  655,  656,  662,  699,  1032;  accidents 
on.  1034. 

Norwegian  electrifications,  character  of, 
693;  secondary  railroads:  Rjukan  Rail- 
way, 693,  694,  696;  light  service  rail- 
roads: Thamshavn-Lokken  Railway, 
694-696. 
Nowak,  Dr.  ].,  64. 

o 

Observation  periods,  for  steam  locomo- 
tives, 104,  130;  for  steam  vessels,  130; 
for  power,  manufacturing  and  metallur- 
gical plants,  132;  railroad  report  forms 
of.  554- 

Oil  fuels,  see  Fuel  oils. 

Ontario  Power  Company,  643. 

Operating  accounts,  analyses  of  expenses 
covered  by,  983-1015. 

Operating  conditions,  changes  in,  979. 

Operating  expenses,  changes  in,  979; 
character  of,  resulting  from  electrifica- 
tion, 980,  981:  methods  employed 
in  determining  the  effect  of  electrifica- 
tion upon,  981-983;  analyses  of,  cover- 
ing operating  accounts,  affected  by  pro- 
posed change  from  steam  to  electric 
operation,  983-1019;  incident  to  pro- 
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po»ed  new  transfer  station*.  1012  1017; 
enc-<  ,(„,,,    ,,„_    resulting 

trcim  short.  -miiK  of  steam  operated 
«ons,    1017   ion,,   summary   of  effect 
"f  el-  00  M|xin,  loni.   i 

Operating     results  iieation    of 

terminal*,  1019,  loao. 


. 

Ordinances,   enforcement   of   smoke     jv 

Of    l88l,    82;   Of    11/13,    H,;    ,,f    I  ,,05,    ft?; 
of  1907,  90;  governing  rln  trolysis.  757. 
758;  governing  ward  boundnn.    .   i..;i 
Orleans  Railway,  eleetrifie.l  linrs  of,  665, 
666,  669,  699,  701,  in.v;  u< 


"Other   running    tracks,"    453.    45*,   (>». 

Over  crossing  bridges,  see  Bridges. 

Overhead  construction,  for  n.ooo-volt 
alternating  current  system;  main  track, 
857.  858;  yard  track.  858;  industrial 
track,  858;  unit  costs  of,  869-871;  esti- 
mated costs  of,  869-872;  for  2,4oo-volt 
direct  current  system:  main  track,  872; 
yard  track,  872;  industrial  track,  872; 
unit  costs  of,  874,  875;  estimated  costs 
of,  874,  875. 

Oxygen,  as  a  component  of  atmospheric 
air.  29.  33.  -225;  process  of  combustion 
affected  by,  29;  in  relation  to  animal 
life,  33- 

Ozone  as  a  component  of  atmospheric 
air.  34- 


Package  car  freight  system,  12. 

Pantographs,  736. 

Paris,  analysis  of  atmosphere  of,  46,  47; 
classification  of  furnaces  in,  50;  street 
cleaning  in,  205. 

Passenger  service,  multiple-unit,  density 
of  traffic  in,  890,  891;  equipment  re- 
quired for,  892-894. 

Passenger  service,  report  of  train  move- 
ments in,  552,  556;  record  of  locomotive 
hours  of  service  and  coal  consumed  in, 
568;  summary  of  train  movements  and 
coal  consumed  in,  578;  electric  locomo- 
tive for,  888,  890-892. 

Passenger  service,  suburban,  see  Suburban 
passenger  service. 

Passenger  stations,  see  Passenger  ter- 
minals. 

Passenger  terminals  (Chicago),  number 
of,  497;  statistics  concerning,  498-506; 
location  of,  501;  suburban,  505,  .506; 
number  of  passengers  handled  in,  596- 
600 ;  estimated  future  growth  of  passen- 
ger traffic  in,  6op;  number  of  passenger 
trains  handled  in,  600-604;  estimated 
future  increase  in  passenger  trains 
handled  in,  604. 

Passenger  traffic,  at  C.  &  N.  W.  Ry.  ter- 
minal, 498,  502;  at  Central  Station, 
502;  at  Dearborn  Station,  503;  at 
Grand  Central  Station,  504;  at  Union 
Station,  505;  at  La  Salic  Street  Station, 
505;  summary  of,  505;  suburban,  506; 
increase  in  suburban,  596,  598;  esti- 
mated future  growth  of,  600. 

Passenger  trains,  handled  in  Chicagn 
terminals,  505,  600-604;  movements  of, 
534;  photographs  of,  536-540;  report  of 
movements  of,  552,  556;  increase  in 
number  of,  602-604,  612,  613. 

Passenger  transfer  service,  coal  consumed 
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of  lococno-live  (note  m.    • 
amount  ,.l  visible  smoke  produced  by. 
port  of  train  movements  • 

vice  and  coal  connotd  in.  567  •  loco. 

miloagr  for  the  average  day  in. 

570:  ton-miles  for  the  average  day  m! 

57>:  torn  of  coal  burned  during  the 
•ywage  dav  in,  v»:  !<"*notive-hom 
of  icrvirr  for  the  average  day  in.  576; 


wumatl  in,  578.  summary  of 

relating  to  operation  and  traffic  in. 

•wp*  of.  749:  traffic  chart  for.  814; 

miles  to  be  handled  electrically  in. 

"I'-.    Hi8;   electric   ' •'•••  rraTrni.1 

for  the  average  day  in,  816.  81 
charts  for,  820,  822.  839;  undo 
trifieation,  890.  M<>|;  density  of 
and  number  of  locomotives  required  m. 
890,  896-900;  locomotives  to  be  re- 
leased in,  945,  947-950:  «••  Switrhtng 
service. 

Passengers,  number  carried  by  railroads 
within  Area  of  Investigation,  504-400, 
612;  suburban,  594-598.  612;  through. 
594-598,  612;  increase  in  number  of. 
598-600,  612;  per  train,  602;  per  train 
in  whole  United  States,  602;  carried 
between  Chicago  and  outermost  subur- 
ban limits,  506. 

Pattison,  Hugh,  electrical  engineer  of 
Committee,  vii,  26. 

Patton  Motor  Car  Company,  618. 
Pennsylvania  Lines  west  of  Pittsburgh. 

95'.  986'. 

Pennsylvania  Railroad,  history  of,  u 
fuel  tests  conducted  by.  54;  locomotive 
testing  plant  of.  at  Altoona.  Pa..  144- 
148,  1123-1146;  (New  York  Tunnel 
Extension)  electrified  lines  of,  635-638. 
699,  1031;  electrification  under  con- 
struction on,  653;  purpose  of  electrifica- 
tion of,  700;  freight  service  on,  701; 
power  stations  of,  706,  707;  third  rail 
contact  system  on.  719.  721-723.  991: 
yard  tract  construction  on,  734;  over- 
Mad  contact  system  on.  726,  727; 
electric  locomotive  used  on,  740:  trans- 
mit,>n  lines  of,  990;  terminal  of.  991: 
track  bonding  of,  991.  992;  substations 
of,  999;  costs  to.  990-992.  999  too*. 
1005,  1006,  1008;  reliability  of  dectnc 
operation  on,  1023. 

Pete  Marquettc  Railroad,  trains  of. 
enter  Chicago  on  tracks  of  other  road*. 
452;  passenger  terminal  of.  904;  pas- 
sengers carried  by,  596;  extent  of 
trackage  to  be  electrified  on.  803.  806. 
Pettenkofrr  method  of  air  analysis.  39, 

67,  229-232. 

Philadelphia,   number  of   manufacturing 
establishments  in.  3;  capital  invested  in 
manufactures  in,   4;   value  of  maoo- 
factured  products  of.  4:  bank  Hearings 
of,  9;  population  of  industrial  sooe  of. 
10.   it,   1083.   1087,   1092.   1097-1104: 
locomotive  smoke  inspectors  in.  52. 
Philadelphia  Electric  Company.  6<u 
Phthisis,     mortality     front,    in    Engfaeh 

cities,  74. 

Pittsburgh,    number    of 
establishments  in.   3:  capital 
in  manufactures  in,  4:  value  c 
factured  piuducts  of,  4    bank 
of.  <»;  locomotive  smoke  iiupr 
«:  relation  of  <r 
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70-72;  changes  in  population  of,  1103, 
1107;  changes  in  area  of,  1107. 

Pittsburgh,  Cincinnati,  Chicago  &  St. 
Louis  Railway,  history  of,  14;  grade 
crossing  on,  482, 483 ;  passenger  terminal 
of,  504;  freight  house  of,  512;  Robey 
Street  Team  Yard  of,  514;  passengers 
carried  by,  596;  extent  of  trackage  to  be 
electrified  on,  806,  807. 

Pittsburgh,  Fort  Wayne  &  Chicago  Rail- 
way, history  of,  14;  signal  bridges  on, 
477;  grade  crossing  on,  479,  481; 
bridge  of,  488,  490;  passenger  terminal 
of,  504;  outermost  suburban  station 
of,  506;  suburban  station  of,  507; 
freight  houses  of,  508,  513;  locomotive 
terminal  of,  521;  "Broadway  Limited" 
of,  536;  suburban  train  of,  540;  pas- 
senger locomotive  of,  542;  passengers 
carried  by,  596;  tonnage  of  freight 
handled  by,  611;  multiple-unit  service 
on,  763;  extent  of  trackage  to  be 
electrified  on,  806,  807,  810;  Garfield 
Boulevard  Yard  of,  935;  limits  of 
electrification  on,  951. 

Plant  life,  effect  of  smoke  fogs  on,  76,  77. 

Pneumonia,  death  rate  from,  in  relation 
to  smoky  days,  70-72 ;  in  English  cities, 
74- 

Pocahontas  (semi-bituminous)  coal,  see 
Coal. 

Popplewell,  W.  C.,  quoted  on  furnace 
firing,  61. 

Population,  of  Chicago's  industrial  zone, 
10, 1 1 ;  of  industrial  zones  of  New  York, 
Philadelphia,  Boston  and  Chicago,  1 1 ; 
of  Chicago,  1 1 ,  48 ;  of  Area  of  Investiga- 
tion, 101 ;  changes  of,  in  Illinois,  Cook 
County  and  Chicago,  1055,  1057, 
1065-1070,  1072-1082;  future  growth 
of  Chicago's,  1082,  1083;  changes  of,  in 
Chicago,  New  York,  Boston,  Philadel- 
phia and  their  adjacent  territories, 
1083-1104;  in  other  cities,  1104-1108. 

Portable  laboratory,  see  Automobile  lab- 
oratory. 

"Possibility  of  Smokeless  Steam  Loco- 
motive Traction, "  by  G.  E.  Ryder,  19. 

Postal  money  order  business  of  New  York 
and  Chicago,  9. 

Postal  Telegraph  Company,  907. 

Powdered  coal,  see  Coal. 

Power  plants  (high  and  low  pressure 
steam  stationary),  number  of,  coal 
consumed  by,  and  smoke  emitted  by, 
56;  number  operated  by  railroads  in 
Chicago,  105;  fuel  consumed  by  same, 
105,  108-127;  density  of  smoke  from, 
132,  134,  162,  173;  location  of,  133;  coal 
consumed  by,  and  visible  smoke  from, 
135,  136,  opp.  136,  173,  182,  184-187, 
280,  281,  285,  294;  solid  constituents  of 
smoke  from,  151-162,  173,  174,  183, 
184,  186,  187,  280,  281,  285,  295; 
chemical  composition  of  solid  con- 
stituents of  smoke  of,  158,  159;  coal 
equivalent  of  solid  constituents  of 
smoke  of,  162;  gaseous  constituents  of 
smoke  of,  166-171,  174,  183,  184,  ppp. 
186,  187,  280,  281;  percentage  of  air  in 
smoke  of,  172;  fuel  consumed  by  total 
number  in  city,  182;  compared  with 
other  services,  182-185,  294.  295;  pro- 
gress in  design  of,  281;  new,  for  pur- 
poses of  electrification,  281 ;  number 
of  boilers  and  smoke-stacks  in  service, 
285-288;  financial  aspect  of  smoke 


washing  as  applied  to,  289, 290;  financial 
aspect  of  electrical  means  of  smoke 
suppression  as  applied  to,  292;  con- 
sideration of  any  substitute  for  solid 
fuels  for,  292,  293;  proposed  replace- 
ment by  centralized  electric  generating 
station,  292,  293;  contribute  more  to 
pollution  of  atmosphere  than  loco- 
motives, 1037. 

Power  station,  electric,  location  of,  824- 
826;  diagrams  of  loads  on,  824,  827; 
advantages  of  a  single,  842;  charac- 
teristics and  load  of,  842,  843;  estimated 
costs  of,  843,  844;  spare  parts  required 
for,  902,  903;  estimated  costs  of,  for 
C.  &  N.  W.  Ry.,  956;  location  of,  for 
three  systems  for  C.  &.  N.  W.  Ry., 
962-964;  as  source  of  power  for  the 
entire  terminal,  980. 

Power  stations,  types  of,  704-707;  views 
of,  705,  707- 

Power  supply,  for  electrification  of  Chi- 
cago terminals,  750,  751. 

Precipitation,  record  of,  314;  in  cities, 
222,  223;  in  various  parts  of  the  United 
States,  222;  in  Chicago,  225. 

"Present  value,"  definition  of,  916. 

"Prevention  of  Smoke,"  by  Paul  P.  Bird, 
19- 

"Principal  yard,"  512. 

Property  damage  to,  1010;  loss  and 
damage  to,  1027,  1028;  charges  for 
abandoned,  1043. 

Proviso  Yard  (C.  &  N.  W.  Ry.),  451,  511, 
518,  896. 

Prussian-Hessian  State  Railroads,  Storage 
battery  cars  used  by,  626. 

Prussian  State  Railways,  electric  installa- 
tions on,  668-671,  673.  674,  1032. 

Public  interest  in  smoke  abatement  in 
Chicago,  82. 

Pullman  Railroad,  extent  of  trackage 
to  be  electrified  on,  808,  810. 

Pulmonary  diseases,  effects  of  smoke 
upon,  64-76. 

Purdue  University,  fuel  tests,  54. 
Pure    air    commission,     proposed,     296; 
duties  of.  1051,  1052. 

R 

Racine,  Dr.,  65. 

Railroad  companies  operating  in  the 
Chicago  District,  97. 

Railroad,  facilities  enveloped  by  city 
expansion,  451;  grade  crossings,  454, 
471-483;  bridges,  454,  470,  484-490; 
mileage  in  Chicago,  456-470;  signal 
systems,  477,  493-497;  fences,  cattle- 
guards  and  signs,  495,  497-500;  mileage 
within  Area  of  Investigation,  581-592; 
trackage  increase,  592-594. 

Railroad  property,  intensive  use  of,  1024- 
1026,  1028. 

Railroad  Smoke  Inspectors'  Association 
of  Chicago,  96. 

"Railroads  as  Smoke  Producers,"  by 
G.  E.  Ryder,  19. 

"Railroads  in  Relation  to  Local  Trans- 
portation," by  Milton  J.  Foreman,  19. 

Railroads,  industrial,  452. 

Railroads,  steam,  first  in  Illinois,  1 1 ;  first 
in  Chicago,  13, 14;  operating  in  Chicago, 
48,  451 ;  map  showing  location  of,  within 


Area  of  Investigation,  99,  106;  track 
mileage  of,  582-592 ;  increase  in  trackage 
of,  592-594;  number  of  passengers 
carried  on,  594-600;  number  of  pas- 
senger trains  arriving  and  departing 
on,  600-604;  handling  freight  in  Chicago 
terminals,  604-613;  compared  with 
interurban  lines,  630;  electrifications 
on,  700,  701 ;  results  of  electric  operation 
on,  701 ;  electrification  costs  appor- 
tioned among,  844,  849,  854,  855,  873, 
876-878,  880-886,  902-904,  907,  909, 
910,  915,  929-932,  942-944.  948,  95L 
978;  credit  of  the,  1040,  1041;  electrifi- 
cation as  investment  for,  1640-1044; 
influences  affecting  location  of,  in 
Chicago,  1109,  1 1 12. 

Rails,  984 

Railway  Storage  Battery  Car  Company, 
storage  battery  car  built  by,  627. 

Rain  gage,  devised  by  committee  appoint- 
ed by  the  London  Smoke  Abatement 
Conference,  38. 

Rain  water  analysis,  236,  237. 

Ramsay,  Sir  William,  75. 

Randolph  Street  Station  (Illinois  Central), 
number  of  passenger  trains  handled  at, 
506. 

Rawson,  Frederick  H.,  member  of 
Committee,  v,  25 

Ray,  Herman,  625. 

Refined  oil  (kerosene),  consumption  of, 
within  the  Area  of  Investigation,  191; 
products  of  combustion  of,  192. 

Renk,  on  effects  of  smoke,  72,  226. 

Repair  trains,  901 

Report  forms,  use  of,  547,  553. 

Repulsion  motor,  738. 

"Research  Corporation,"  holder  of  Smith- 
sonian Institution  patents,  290. 

Respiratory  organs,  effects  of  smoke 
upon,  68. 

Return  circuit,  defined,  742,  877;  methods 
of  providing  for,  743;  electrolysis 
caused  by,  757;  items  included  in  the 
cost  of,  877^880;  estimated  costs  of, 
880-883;  estimated  costs  of,  for  three 
systems  for  C.  &  N.  W.  Ry.,  969,  970. 

"Revenue  fuel"  defined,  103. 

Rhatische  Railway,  electrified  lines  of, 
681-683,  699. 

"Ribbon"  method  of  firing  furnace,  60. 

Rideal,  Dr.  Samuel,  78. 

Riley,  Harrison  B..  member  of  Com- 
mittee, v,  25. 

Ringelmann  Chart,  32,  33,  95,  128-130, 
179. 

.  Riverside  Portland  Cement  Company's 
electrical  precipitation  installation,  des- 
cription of,  291. 

Riverside  &  Harlem  Railroad,  452. 

Rjukan  Railway,  electrified  lines  of,  693, 
694,  696,  699. 

Road  freight  service,  coal  consumed  in, 
105,  no,  opp.  no,  112-125;  density  of 
locomotive  smoke  in,  130;  relative 
amount  of  visible  smoke  produced  by, 
135;  results  of  tests  applied  to,  147, 
149;  smoke  emitted  by,  176,  177;  defini- 
tion of,  533;  report  of  train  movements 
i*1  >  549,  556;  record  of  locomotive-hours 
of  service  and  coal  consumed  in,  565; 
locomotive-mileage  for  average  day  in, 
570;  ton-miles  for  the  average  day  in, 
572;  tons  of  coal  burned  during  the 


average  day  in,  573;  locomotive-hours 
of  service  for  the  average  day  in,  575; 
summary  of  train  movements  and  coal 
consumed  in,  578;  summary  of  results 
relating  to  operation  and  traffic  in,  579; 
percentage  of  total  locomotive-mileage 
performed  by,  615;  essential  charac- 
teristics of  steam  locomotives  used  in, 
615;  work  to  be  performed  in,  615; 
scope  of,  749;  traffic  charts  for,  813; 
ton-miles  to  be  handled  electrically 
in,  8 1 6,  818;  electric  locomotive- 
mileage  for  the  average  day  in,  8 1 6, 
817;  energy  charts  for,  820,  822,  829; 
electric  locomotive  for,  887,  888; 
under  electric  operation,  890,  891,  894, 
895;  density  of  traffic  in  and  number 
of  locomotives  required,  890,  891, 
894.  895;  locomotives  to  be  released  in, 
945,  947-950. 
Roadway  and  Track,  984,  985. 

Robey  Street  Team  Yard  (P.  C.  C.  & 
St.  L.  Ry.),  514. 

Robey  Street  Yard  (B.  &  O.  C.  T.  R.  R.), 
940. 

Rochester,  locomotive  smoke  inspectors 
in,  52. 

Rolling  equipment,  for  electric  operation 
of  Chicago  terminals,  756;  factors 
governing  requirement  of,  891;  costs 
of,  902,  903;  to  be  released,  944-950; 
first  cost  of  released,  947,  948;  release 
value  of,  949,  950;  amount  required,  and 
costs  of,  for  C.  &  N.  W.  Ry.,  971,  972; 
released,  on  C.  &  N.  W.  Ry.,  975; 
estimated  costs  of  released,  for  C.  &  N. 
W.  Ry.,  975.  9/6. 

Roney  stoker,  61. 

Ronzani,  Enrico,  68. 

Roundhouses,  see  under  Locomotive  ter- 
minals. 

"Route  element,"  defined,  105,  107,  561; 
trackage  of  a,  455. 

Rubner,  quoted,  36,  37,  39,  67. 

Rubner's  method  of  air  analysis,  37. 

Ruppert,  Dr.  H.,  66. 

Russell,  on  effects  of  smoke  on  lung 
diseases,  69. 

Russell,  F.  A.  R.,  73. 

Russell,  Dr.  W.  J.,  72,  73. 

Ruston,  Prof.  A.  G.,  76. 

Ryder,  G.  E.,  author  of  "Railroads  as 
Smoke  Producers,"  19;  "Possibility  of 
Smokeless  Steam  Locomotive  Trac- 
tion," 19. 


Safety,  effect  of  electrification  upon,  1029; 
data  available  on,  1029;  in  steam  rail- 
road operation,  1029,  1031;  in  electric 
railroad  operation,  1033-1035;  in  steam 
and  electric  railroad  operation  com- 
pared, 1035. 

"Safety  first"  movement  on  railroads, 
1031. 

St.  Charles  Air  Line,  452,  453. 
St.  Clair  Tunnel  Company,  648. 
St.  Clair  Tunnel,  see  Grand  Trunk  West- 
ern Railway. 

St.  Gotthord  Railway,  electrification 
under  construction,  682,  684. 

St.  Louis,  number  of  manufacturing  es- 
tablishments in,  3;  capital  invested 
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in  manufactures  in,  4;  value  of  manu- 
factured products  in,  4;  bank  clearing* 
of,  9;  classification  of  furnaces  in,  jo; 
locomotive  smoke  inspector)  in,  5*; 
Louisiana  Purchase  Exposition  fuel 
in,  54;  United  States  Government 
fad  tests  in,  54;  location  of  sn 
producing  industries  in,  56;  changes  in 
population  of,  1103,  1108;  changes  in 
area  of,  1 108. 

St.-P6lten-Mariazell-Gusswerk  Railway, 
electrified  lines  of,  691,  699. 

Sale,  C.  S.,  Staff  editor  of  the  Com- 
mittee, vii. 

Salzburg-Rcichenhall-Berchtesgaden  Rail- 
way, electrification  under  construction. 
675- 

San  Francisco,  bank  clearings  of,  9. 

Sand,  snow  and  ice,  985. 

Sanitary  District  of  Chicago,  electric 
power  from,  58;  information  supplied 
by,  907. 

Savona-Ceva  line,  set  Italian  State  Rail- 
ways. 

Schaefer,  Dr.  T.  W.,  68. 

Schaff,  C.  E.,  member  of  Committee, 
v,  25. 

Schlockow,  on  health  of  coal  workers,  65. 

Schmidt,  Prof.,  818. 

Schmidt,  Walter  A.,  291. 

Schuyler,  Robert,  first  president  of  I.  C. 
R.  R.,  15,  16,  1109,  1 1 12. 

Scott,  John  W.,  member  of  Committee, 
v,  25. 

Scottish  cities,  atmospheric  pollution  in, 
44- 

"Sea-coal,"  27. 

Seattle,  as  compared  with  Chicago,  216. 

Second  main  track,  581,  582,  584,  586, 
588,  590,  592. 

Sedimentation  method  of  soot  determina- 
tion, 37. 

Seebach-Wettingen  Railway,  electrified 
lines  of,  680,  68 1. 

Seethal  Railway,  electric  operation  of, 
681,  699- 

Seidell,  quoted  on  effects  of  smoke  on 
health,  67. 

Self-propelled  units,  classification  of, 
615;  in  Chicago  terminals,  628;  in 
switching  and  yard  service,  629. 

Seltmann,  Dr.,  65. 

Series  motor,  alternating  current,  737; 
direct  current,  737. 

Sheds,  for  inspection  and  repairs,  746; 
snow,  987. 

Sheffield,  England,  classification  of  fur- 
naces in,  50;  locomotive  smoke  in- 
spectors in,  52;  relative  mortality  of 
phthisis,  bronchitis,  pneumonia  and 
record  of  sunshine  in,  74. 

Ship  canals  in  Indiana,  within  the  Area 
of  Investigation,  loo,  101. 

Shipments  from  Chicago  by  lake,  to. 

Shop  facilities,  under  electrification,  763, 
764,  939.  94°- 

Shops,  inspection  and  repair,  746,  756; 
to  be  retained  in  event  of  electrification, 
764,  940,  941. 

Shore  line,  miles  of  Lake  Michigan,  within 
the  Area  of  Investigation,  100,  101. 

Shuey,  Paul,  70. 


umer  o. 
al   rhengte  in. 
operating   and 
of.    9*7-909. 


Si.lewalk  sweeping!,  *naly»*  of 
of  dry,  »o8. 

Sidewalk*.  abrasion  ..I.  • 
Sidings.  581.  583,  585.  587,  5*, 
Signal  bridges,  477.  493.  494.  49*.  " 
Signal   systems,   on   Hum   railroad*   in 
Chicago.   477.   49  j  497     modified   (or 
electric   traction,    -  nece*eiir 

for   change*    :  nprrative   MM! 

optional  change*  .  TM«- 

mission  line  and  tuMUtions 
unit  cost*  of  changes  in,  913;  eitimat~| 
cort*  of  change*  in,  913-915. 
Signals,     automatic     block,     loi.    477: 
•eroaphore.   477,   494-496;  ditc.   495: 
classification  of,  910;  number  of. 
imperative   and  optional 
9i>.   912;    increase    in 
maintenance    expenses 
1008. 

Signs,  495.  49«-5Oo,  986,  987. 
Simmons,   Francis  T.,  member  of  Com- 
mittee, v,  25 

Simplon  Tunnel  Railway,  electric  opera- 

tion of.  675,  676,  678,  699,  702,  1032. 
Skinner.  Edward  M.,  19. 

Smelters,  electrical  precipitation  of  dart 
from,  57 

Smith,  Alexander,  34. 

Smithsonian  Institution.  290. 

Smoke,  definitions  of,  28,  128;  a*  defined 
by  ordinances,  29;  formation  of,  29- 
31;  saving  from,  if  returned,  31; 
inspection  of,  32,  33,  93-96;  in  foreign 
and  American  cities,  40-48;  conclusions 
from  literature  relating  to,  48.  49; 
classification  of  producers  of,  >o-Sl  . 
supervision  of  furnace*  a  step  in  reg- 
ulation of,  52;  enforcement  of  or- 
dinances controlling,  53,  87-96;  fuels 
which  create  various  degree*  of,  54. 
55.  139.  «88,  191-193.  284.  285.  292. 
1046,  1047,  1123-1146;  physical,  me- 
chanical and  chemical  mean*  of  con- 
trolling, 55-63,  80.  81;  effect*  of.  upon 
health,  63-76,  8l;  direct  effect  of,  upon 
vegetation,  76,  77.  8l;  effect  of  smokr 
fogs  upon  vegetation,  76;  effect  of. 
upon  vegetation  in  Chicago,  77;  a* 
source  of  loss  and  damage  to  property, 
77-81,  1027,  1028;  effect  of,  upon 
building  materials,  78,  81:  risible 
properties  of,  128;  Rtngrlmann  method 
for  determining  density  of.  128  129; 
density  of,  from  steam  Incomotivta. 
130,  131;  density  of,  from  steam 
vessels,  130:  densitv  of.  from  stationary 
plants,  132-134;  relative  importance  of 
nrvii  1  1  as  producers  of  visible.  134, 
>35.  °PP-  136.  285:  condition*  promot- 
ing visible,  135:  furnace  coodrttont 
and  visible,  136;  flameway  in  relation 
to  visible,  136-138;  draft  m  relation  to 
visible,  138;  rate  of  corotxMtwa  in 
relation  to  visible.  138;  escee*  air  m 
relation  to  visible,  138:  automatic 
stoking  in  relation  to  visible,  138;  care 
in  firing  in  relation  to  visible.  I  M;  «ur 
of  fire  in  relation  to  visible.  139:  furnace 
efficiency  in  relation  to  visible.  139. 
visibility  of.,  as  standard  of  measure. 
140,  162.  173:  origin  of  solids  in.  140; 
solid  constituents  of.  from  «tram 
locomotives,  141-150,  IT«>.  17*.  m>p. 

178,    285;    S.Jl.1     .-..rvitl'.itrr.-.      •!  . 

steam    vrwcU   and   stationary   plan'*. 
151-154.  iHo,  jH%.  amount    i 


1174 

in  terms  of  fuel  consumed,  154;  relative 
standing  of  different  services  as  pro- 
ducers of  solids  in,  opp.  154,  155-158, 
285;  chemical  composition  of  solid 
constituents  of,  155;  solids  of  non-fuel 
origin  in,  158-160;  solids  in,  as  in- 
fluenced by  furnace  conditions,  160- 
162;  fuel  value  of  solid  constituents 
emitted  in,  162;  origin  of  gases  in,  163, 
164;  gaseous  constituents  of,  from 
steam  locomotives,  164-166,  177,  178, 
opp.  178;  gaseous  constituents  of,  from 
steam  vessels  and  stationary  plants, 
1 66,  1 80;  relative  standing  of  different 
services  as  producers  of  gases  in,  167- 
171;  fuel  and  gaseous  constituents  of, 
171;  relation  between  furnace  con- 
ditions and  gaseous  constituents  of,  171 ; 
effect  of  steam  or  moisture  on  gaseous 
constituents  of,  172;  relation  between 
excess  air  and  gaseous  constituents  of, 
172;  daily  discharge  in  Chicago  atmos- 
phere of  gaseous  constituents  of,  173; 
visible  properties  cf,  173;  solid  con- 
stituents of,  173;  gaseous  constituents 
of,  174;  visible,  from  locomotives,  175; 
visible,  from  steam  vessels,  179-181; 
visible,  from  high  pressure  steam 
stationary  power  and  heating  plants, 
182;  solid  and  gaseous  constituents  of, 
from  same,  183;  relative  standing  of 
same  as  source  of,  183,  184;  volume  of, 
caused  by  low  pressure  steam  and  other 
stationary  heating  plants,  185;  visible, 
from  same,  1 86;  solid  constituents  of, 
from  same,  1 86,  opp.  186;  gaseous 
constituents  of,  from  same,  opp.  1 86, 
187;  visible,  from  manufacturing  and 
metallurgical  plants,  188,  294;  solid 
and  gaseous  constituents  of,  from 
same,  189,  opp.  190;  from  fuel  oils, 
191-193;  importance  of  allies  of,  in 
atmospheric  pollution,  209,  283;  share 
of,  in  London  fogs,  218,  219;  ascent  of, 
and  effect  of,  upon  sunshine,  224;  from 
steam  locomotives,  279,  294;  from 
proposed  electric  power  station,  280, 
1047;  possibility  of  reducing,  through 
improvement  in  locomotive  service, 

281,  282,   1047;  solids  in,  as  agencies 
in  pollution,  283;  visible,  from  furnaces 
of    high   pressure    steam    plants,    288, 
1Q.37;  procedures  to  control  solid  con- 
stituents of,  288;  washing  of,  288-290; 
electrical     entrainment     of,     290-292: 
visible,  share    discharged  by  furnaces 
of    manufacturing,    metallurgical    and 
allied    processes,    294,    1037;    measure 
in    which    electrification    will    reduce, 
1028,    1037,    1047;    amount  of   visible 
in    Chicago    atmosphere,    1037;    solid 
constituents    of,    in    Chicago    atmos- 
phere,   1037;   gaseous  constituents  of, 
in    Chicago    atmosphere,    1037;    three 
aspects  of,  in  atmosphere,    1046;  sul- 
phurous constituents  of,  1047;  solids  in, 
discharged  by  locomotives,  1112-1122; 
gaseous  constituents  of,  1143. 

Smoke  abatement,  a  present-day  problem 
of  Chicago,  18,  283-285,  1046;  history 
of  public  interest  in,  18,  19,  80;  work  of 
Chicago  Association  of  Commerce 
toward,  19-26,  79,  97,  1046,  1051; 
review  of  literature  of,  27,  80,  81;  in 
Chicago,  48,  82-96,  283-285,  295,  296; 
methods  employed  in,  49,  53-55,  281, 

282,  296;  relation  of  fuels  to,  54,  55,  284; 
physical,     mechanical     and     chemical 
means  toward,  55-63,  288-294;  inves- 
tigations relating  to,  in  American  cities, 
78:   in   English   cities,   79;   as   indirect 
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means  of  effecting  economy,  140; 
proposal  of  electrification  as  means  in, 
279;  measure  in  which  electrification 
will  contribute  to,  282,  1037,  1047; 
progress  in,  a  matter  of  development, 
284;  a  scientific  question  and  not  one  of 
restrictions,  285;  inspection  and  pure 
air  commission  means  toward,  295, 
296;  measures  to  be  adopted  before 
electrification,  1047;  recommended 
measures,  1051,  1052;  see  also  Smoke 
and  Atmospheric  pollution. 

Smoke  drains  or  sewers,  56. 

Smoke  Inspection,  Chicago  Department 
of,  organization  and  work  of,  93,  95,  96; 
area  of  effective  inspection  established 
by,  94;  results  of  activities  of,  96. 

Smoke  inspectors,  qualifications  of,  52; 
employed  by  Committee,  129;  typical 
report  of,  131. 

Smoke  sampling  apparatus,  diagram  show- 
ing arrangement  of,  150;  description  of, 
151- 

Smoke  sewer  or  chimney,  295. 

Smoke-stacks,  in  Chicago,  285,  287. 

Smoke  washing  devices,  56,  57,  289. 

Smokeless  coal,  see  Coal. 

Snow  analysis,  236-245. 

Society  for  the  Prevention  of  Smokr, 
18,  82. 

Solid  constituents  of  smoke,  named,  31, 
173;  methods  of  determining,  37; 
origin  of,  140;  from  steam  locomo; 
141-150,  156,  157,  159-161,  174,  282, 
285,  294,  1112,  1129,  1131,  1136-114.?; 
from  steam  vessels  and  stationary 
plants,  151-153.  156,  157.  159-161, 
174,  1 80,  opp.  i  So,  181;  from  low 
pressure  steam  and  other  stationary 
heating  plants,  153,  156,  157,  159-161, 
174,  1 86,  opp.  1 86,  187,  285,  294;  in 
terms  of  fuel  consumed,  154;  chemical 
composition  of,  155,  158;  from  gas  and 
coke  plants,  156,  157,  159-161,  174; 
from  manufacturing  and  metallurgical 
plants,  154,  156,  157,  159-161,  174, 
189,  opp.  190,  190,  285;  from  high 
pressure  steam  stationary  power  and 
heating  plants,  156,  157,  159-161,  174, 
183,  opp.  184,  184,  285;  of  non-fuel 
origin,  158,  174;  as  influenced  by 
furnace  conditions,  160,  174;  fuel  value 
of,  162;  not  eliminated  when  smoke 
discharge  is  m;ide  invisible,  162,  174; 
coal  equivalent  of,  162;  source  of 
atmospheric  pollution,  173,  174,  280, 
283,  1 1 12;  from  fuel  oil,  192;  not  the 
only  solids  in  atmosphere,  278,  294; 
from  high  pressure  steam  boiler  service, 
under  electrification,  281 ;  reduction  in, 
from  electrification,  281,  282;  great 
importance  of,  brought  out  by  Com- 
mittee's investigation,  283,  1046,  1047; 
possible  procedures  to  control,  288; 
from  domestic  fires,  294,  295;  secondary 
effects  of,  295;  tests  to  determine  their 
presence  in  atmosphere,  1112-1122, 
1129,  1131,  1136-1143. 
Soot,  volitant  capacity  of,  36;  methods  of 
determining  amount  of,  37;  collection 
of,  38;  deposits  in  cities,  40-48,  78; 
gages,  42;  effects  of,  upon  health,  64; 
electrical  precipitation  of,  57;  coloring 
power  of,  264,  265. 
South  Chicago  Railroad,  452. 
South  Water  Street  Yard  (I.  C.  R.  R.), 
518. 


Southern  Pacific  Railroad,  electrified 
lines  of,  643-646,  699;  substation  of, 
713,  overhead  contact  system  on,  733, 
734;  multiple-unit  train  on,  742. 

Spare  parts,  required  for  electric  traction 
system,  ijnj,  v<M:   estimated   costs  of, 
903,  904;  estimated  costs  of,  for  C.  & 
\V.  Ry.,  972. 

"Spares,"  891. 

"Split-phase"  locomotive,  741. 

Spokane  Traction  Company,  639. 

Spokane  &  Inland  Empire  Railroad, 
electrified  lines  of,  639,  640,  642,  699, 
1031. 

"Spotting"  method  of  firing  furnace,  59. 

Sprague,  Frank  J.,  736,  818. 

"Spreading  or  Sprinkling"  method  of 
firing  furnace,  60. 

Stack  minutes  defined,  129. 

Starring,  Mason  B.,  member  of  Com- 
mit too,  v,  25. 

Station  supplies  and  expenses,  1002. 

nrry  and  printing,  994,  1001,1010. 

Steam,  effect  of,  upon  gases  in  smoke.  172. 

Steam  jets,  62,  172,  282. 

Steam  vessels,  etc.,  number  of,  in  Chicago, 
48;  fuel  consumed  by,  107-125,  152- 
iin,  179,  opp.  i  So,  181;  observation 
period  of  stacks  of,  130;  density  of 
smoke  from,  132;  visible  smoke  pro- 
duced by,  135,  173,  179,  180,  opp.  180, 
181;  solid  constituents  of  smoke  from, 
i.Si-153.  i56-'62,  174,  180,  opp.  180, 
i  is  i ;  apparatus  for  collecting  and 
analyzing  smoke  from,  151;  ga 
constituents  of  smoke  of,  167-171,  174, 
180,  opp.  1 80,  181;  visible  smoke 
emitted  by,  17.5;  definition  of,  179; 
number  of,  in  Chicago,  179;  rank  of,  as 
fuel  consuming  service,  179;  as  si 
producing  service,  180,  opp.  180,  181. 

Steel  plants,  density  of  smoke  from,  134; 
see  also  Manufacturing  and  metal- 
lurgical plants. 

Stern,  I.  P.,  member  of  staff,  vii. 

Stich-V6mcr  method  of  air  analysis,  37. 

Stillwell,  Homer  A.,  19,  24. 

Stock  on  right-of-way,  damage  to,  1010. 

Stokers,  mechanical,  types  of,  61 ;  chain- 
grate,  61;  Roney,  61 ;  Murphy,  62; 
underfeed,  62;  Crawford,  62;  sprinkling, 
62. 

Stoking,  automatic,  in  its  relation  to 
visible  smoke,  138. 

Stoking  schools  in  Germany,  54. 

Stone,  effect  of  smoke  upon,  78. 

Strang  motor  car,  618. 

Strang,  William  B.,  618. 

Street  cleaning  in  Chicago,  204,  206;  in 
Paris,  205. 

Street  traffic  in  Chicago,  200,  201. 

Streets  and  alleys,  miles  of  improved,  in 
Chicago,  195;  miles  of  unimproved, 
195;  materials  in  transit  on,  199;  per- 
centage of  area  of  city  in,  209. 

Substation  connections,  879;  estimated 
costs  of,  880,  88 1. 

Substations,  functions  of,  708,  711;  for 
third  rail  systems,  711,  712;  loads  of, 
712;  number  and  locations  of,  712,  850- 
852;  views  of,  712-714;  for  high  tension 
direct  current  overhead  systems,  712- 
715;  for  single-phase  overhead  contact 
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714;  for  three-phase  alternat- 
714,     715;     for 

trie  operation  of  Chicago  u-rnm 
751;    locations    nf,    s.v)  .^.-ii;    general 
iterations  governing   locations  of, 
850;  characteristics  of,  850,  853; 
mated  costs  of,  853,  854;  spare  parts 
required  for,  902,  903;  locations  oi, 
three   systems  for  C.   &   N.   W.    Kv., 
061-964;  estimated  costs  of,  for  C.  & 
N.    W.   Ry.,   965,   966;  operation   ami 
maintenance  of,  999-1001. 

Suburban  passenger  service,  coal  con- 
sumed in,  105,  no,  opp.  no,  112-125; 
density  of  locomotive  smoke  in,  130; 
relative  amount  of  visible  smoke 
produced  by,  135;  results  of  tests 
applied  to,  149;  smoke  emitted  by,  176- 
178;  defined,  533;  locomotive-mil, 
for  the  average  day  in,  571;  ton-miles 
for  the  average  day  in,  573;  tons  of  coal 
burned  during  the  average  day  in, 
574;  locomotive-hours  of  service  for 
the  average  day  in,  576;  summary  of 
results  relating  to  operation  and  traffic 
in.  579;  percentage  of  total  locomotive- 
mileage  performed  by,  615;  essential 
characteristics  of  steam  locomotives 
engaged  in,  615;  work  to  be  performed 
in,  615;  scope  of,  749;  traffic  charts  for, 
814,  815;  ton-miles  to  be  handled 
electrically  in,  816,  818;  electric  loco- 
motive-mileage for  the  average  day  in, 
816,  817;  energy  charts  for,  821,  823, 
830;  multiple-unit  cars  for,  888,  889; 
locomotives  and  coaches  to  be  released 
in,  945.  947-950- 

Suburban  passenger  terminals,  505. 

Suburban  passengers,  see  Passengers. 

Suburban  stations,  outermost,  594;  num- 
ber of  passengers  handled  at,  506;  types 
of,  506-508. 
Suburban      trains,    outermost      stations 

reached  by,  506;  see  Passenger  train?. 
Succursale  di  Giovi  line,  see  Giovi  Railway. 
Sulphur    compounds   as    components    of 
atmospheric  air,  34;  determination  of, 
39;    in    atmosphere   of    Leeds,    41;    of 
London,  42;  of  Glasgow,  43;  of  Ham- 
burg, 44;  of  Berlin,  45;  of  Cleveland, 
47;  effect  of,  upon  health,  68;  disposi- 
tion of,  171. 
Sulphur  content  of  Illinois-Indiana  coals, 

1 8,  55- 
Sulphur   dioxid   in   atmospheric  air,   35, 

163;  in  city  and  country,  36. 
Sulphur  trioxid   in   atmospheric  air,   35. 

163;  in  city  and  country,  36. 
Sulphuric  acid,   in  atmosphere,  35,   163, 

275.  277,  278. 
Sulzer  works  (Winterthur,  Switzerland), 

621,  623. 

Sunshine,   in  other  cities   than  Chicago, 
40-48,   74,  223,   224;  in  Chicago,  48; 
225;  as  a  factor  affecting  atmospheric 
pollution,  225. 
Sunshine  recorders,  223. 
Superheaters,  282. 
Superintendence,  983,  984,  1001. 
Supervision,  allowance  for,  837,  838,  849, 
853.  855.  874.  877.  880,  884.  886,  902, 
905,  9' 5.  944- 

Supporting  structures  for  overhead  con- 
tact system,  designs  of,  845,  848;  for 
U,ooo-volt  alternating  current  system: 
use  made  of  existing,  859;  for  main 


track,  H.v,  I  costs  of,  8«>; 

for  industrial  • 
of  li  inirnl  for.        , 

of,  «(x>  M;j,  fur  J,.|'» 
System:  U 

873;  quantity  of  material  n-.j 
*7.1.    "741    "nit    costs    of,    874,    875; 
1  costs  of,  874,  875. 

Surface  railways,  as  affecting  suburban 
passenger  traffic,  596. 

Swedish  rlcctrilicatii.n,.  under  construc- 
tion: Kiruna-Riksgran*en  Railway, 
695.696. 

electrifications,  character  of,  675; 
trunk    line    railroads:   Simplon    tunnel 
railway,    675,    676,    678;   Loetschbcrg 
Railway,    (176  678;   light   service 
roads:    Burgdorf-Thun    Railway,    • 
680,    683;    Fribourg-Morat-Anet    Rail- 
way,    680,     683;     Seebach-V. 
Railway,   680,   (Ml;   Scethal    Raf 
681 ;  Bcrnina  Railway,  681-683;  Rh.it- 
ische    Railway,    681-683;    under    con- 
struction    or    in     contemplation:     St. 
Gotthard  Railway,  682,  684. 

Swiss  Federal  Railways.  682. 

Switches,  456-465. 

Switching  and  belt  lines,  297,  452. 

Switching  service,  per  cent  of  total 
locomotive-mileage  performed  by,  614; 
essential  characteristics  of  steam  loco- 
motives used  in,  614;  storage  battery 
locomotives  in,  627,  628;  performed  by 
self-propelled  locomotives,  629. 

Switching  stations,  purpose,  locations  and 
characteristics  of,  854;  estimated  • 
of,  855,  856;  estimated  costs  of,  for  • 
systems  for  the  C.  &  N.  W.  Ry.,  966. 


Tatham,  Dr.,  66,  68. 

Tax  records  of  track  mileage,  581. 

Taxes  during  construction,  allowance  to 
cover,  837,  838,  849,  853,  855,  874,  877. 
880,  884,  886,  902,  905,  915,  944: 
charges -to  cover,  1040;  arbitrary,  on 
traffic  to  support  capital  required  for 
electrification,  1044,  1045. 

Team  yards,  in  Chicago,  510, 511,  514, 515. 

Technical  feasibility,  of  electric  traction 
in  Chicago,  747;  in  relation  to  finance, 
747;  as  affected  by  number  of  interests 
involved,  748;  as  disclosed  by  electri- 
fications elsewhere,  749;  of  obtaining 
power  for  electrification,  750;  of  estab- 
lishing joint  facilities  for  the  generation 
and  distribution  of  power,  751,  752; 
of  third  rail  and  overhead  contact  sys- 
tems, 752-756;  of  changes  in  signal  sys- 
tems, 756,  757 ;  in  relation  to  electroly- 
sis, 758;  of  complete  electrification  of 
Chicago's  railroad  terminals,  759;  sum- 
mary of,  1047-1049. 

Telegraph  circuits,  inductive  interferences 
in,  745.  758.  759,  880,  883,  989. 

Telegraph  system,  cost  of  operating.  989. 
1008,  1009. 

Telephone  circuits,  inductive  interfer- 
ences in.  745.  758.  759.  880.  883,  9*) 

•Telephone  system,  required  for  system 
of  electric  operation,  884;  patrol  lines 
for.  884,  885;  unit  costs  of.  88.S;  esti- 
mated costs  of,  885.  886,  estimate.  1 
costs  of,  for  C.  Sc  N.  W.  Ry..  97". 


'.en.  yard  twitch  and  Mgnal,  i 

Terminal    facilities,    to   U    provW 
changed    under    dectrificau 
change*   in   misting,   not  affecteri   by 

.vth,  836;  co*u 

!itv  for  corti  of.  839;  t/>  be  aban- 
doned. 916-911,  >"Vt;  to  be  tran*- 
ferml,  gyy-W;  new.  931-940.  94>?44: 
to  be  ronvxl.  :  1  1  .  nqairM  lor 

oo*U 

Terminals,    Chicago,   fact 
in,    101  ;    map  showing    location* 

i.uaincation    of    wrvkM    per- 
forrm-d  by  railroads  in,  'rpe» 

'.f  locomotives  employ 
tent  of  traffic  handled  in.  534-536,  749  , 
growth  of,   580;   factor*  uiTohred  in 


,v  N.  W 
*U  of,  for  C.  ft  N.  W.  Ky..  97>.  973- 


growth  of,  581;  men-cue  in  track 
age  of,  593;  passenger  train*  handled  fa. 
600-604;    freight    traffic    handled    in. 
604-613;  service*  performed  by  steam 
locomotives  in.  614,  615;  probo'f 
employing  self -propelled  unit*  in  hand- 
ling traffic  of,  614;  csstntial  cfaancterie- 
• 
614,  615;  comparison  of  number  of  rail- 


roads in,  698;  companion  of  trackajr 
in,  698;  comparison  of  density  of  traffic 
in,  698,  699;  freight  yard  traffic  of.  699: 


total'  mileage  of,  699;  companion  of 
equipment  and  power  requirements  of. 
t*ft.  700;  railroad  corporation*  in- 
in,  748:  trackage  involved  in 
electrification  of,  748,  749;  power  *op- 
ply  for  electric  operation  a 
transmission  system  for  electric  opera- 
tion of,  751;  substation*  for  electric 
operation  of.  751;  joint  facilities  for 
,-ing  and  distributing  power  in. 
751.  752;  contact  system  for,  7M-7S*- 
rolling  equipment  for.  756;  miscellan- 
eous equipment  required  in  electric 
operation  of.  756.  757:  technical  feasi- 
bility of  complete  electrification 
760;  trackage  to  be  electrified  i- 
810:  estimated  cost  of  eUxlnfyir 

over  proposed  electrified  trackage  '•<• 
890;  density  of  traffic  in.  891 -*9»:  nunv 
U-r  of  electric  locomotive*  and  muhipU 
unit    cars   required    to   operate.   900: 
facilities  to  be  abandoned  n.  -»i      .u 
indeterminate  cost  of  electrif yir . 
955;  estimated  cost  by  system  of  ehc- 
triBcation  of.  97*-97»:  estimated  oper- 
ating expense  under  electric  operation 
of,    983-1020;    increased    capacity    of. 
under   electric   operation,    loai.    toil. 

|oj.»;     t'm.ill.     i' 


1109,    1112:    passenger.    **    Pajarngrr 
terminals;   freight.  *•»  Prright   hooea. 

ja|JMjr^*ijgi  paseenejer.  f 

n.il   .    '•  -  •  '' 

Terminals,  loeomntivr.  nutnbrr   at   walrr 
tank*   in.  'lol ;  co«l  and  roke  cvtaam 
in.    n»7.    •*>»*.    l--.i':-.«- 
V»V  t'.r  pa— nor  '.  ..•">.,!!».•«.  «.. 

ht      |..<«1K>tlV»-«.     *JI. 

«if  :  .-"nstnu-.u*!   •><.    *' 

of.  vi«:    vim    <v.    <X..    o: 
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water  tanks  of,  528;  facilities  of,  529, 
530;  locations  of,  under  electrification, 
764;  removal  and  re-establishment  of, 
915-944;  cost  of  re-arranging,  for 
C.  &  N.  W.  Ry.,  974,  975!  main- 
tenance of  buildings,  fixtures  and 
grounds  of,  992,  993. 

Tests,  by  U.  S.  Government  of  fuels  and 
furnaces,  54;  by  University  of  Illinois 
of  fuels,  54;  by  Pennsylvania  Railroad 
at  St.  Louis,  1904,  of  locomotives,  54; 
by  Purdue  University,  54;  on  steam 
locomotives  in  yard  and  transfer  ser- 
vices, 141 ;  to  determine  amount  of 
solids  in  locomotive  smoke  and  per- 
formance of  coals,  by  Pennsylvania 
Railroad  at  Altoona,  Pa.,  144-148,  164, 
1123-1146;  on  locomotives  in  Chicago, 
149-158,  162-167;  to  determine  atmos- 
pheric' pollution,  226-278;  classifica- 
tion of,  227;  methods  employed  in,  227- 
248,  1112-1115;  results  of,  1115-1122. 

Thamshavn-Ldkken  Railway,  electrified 
lines  of,  694-696,  699. 

Third  rail,  danger  of,  754;  as  a  mechanical 
obstruction,  754. 

Third  rail  shoes,  736. 

Third  rail  system,  see  Contact  system, 
third  rail. 

Three-phase  induction  motor,  738. 

Three-phase  overhead  contact  systems, 
type  of,  704;  transmission  lines  used  on, 
708;  substations  for,  714,  715;  overhead 
contact  for,  732 ;  locomotives  and  motor 
cars  for,  742,  745:  inductive  interference 
in,  744-746. 

Through  passenger  service,  coal  consumed 
in,  105,  1 10,  opp.  no,  112-125;  density 
of  smoke  emitted  in,  130;  relative 
amount  of  visible  smoke  produced  by, 
135;  results  of  tests  applied  to,  149; 
denned,  533;  locomotive-mileage  for  the 
average  day  in,  571;  ton-miles  for  the 
average  day  in,  572;  tons  of  coal  burned 
during  the  average  day  in,  574;  loco- 
motive-hours of  service  for  the  average 
day  in,  576;  summary  of  results  relating 
to  operation  and  traffic  in,  579;  per- 
centage of  total  locomotive-mileage 
performed  by,  615;  essential  charac- 
teristics of  steam  locomotives  engaged 
in,  615;  work  to  be  performed  in,  615; 
scope  of,  749;  traffic  charts  for,  814; 
ton-miles  to  be  handled  electrically  in, 
816,  818;  electric  locomotive-mileage 
for  the  average  day  in,  816,  817; 
energy  charts  for,  820,  822,  830;  steam 
locomotives  to  be  released  in,  944,  945, 
947-950. 

Through  passenger  trains,  see  Passenger 
trains. 

Through  passengers,  see  Passengers. 

Thurston,  Dr.  R.  H.,  64. 

Ties,  983,  984. 

Toledo,  locomotive  smoke,  inspectors  in, 
52- 

Toledo  Consolidated  Street  Railway,  ex- 
periments performed  by,  625. 

Tools  and  supplies,  993. 

Track  bonding,  to  prevent  inductive 
effects,  882;  see  also  Bonds,  track. 

Trackage,  of  steam  railroads  within  Area 
of  Investigation,  99-101,  453,  456-470, 
581-592;  density  of,  451,  452,  581,  592; 
private  ownership  of,  454;  elevation 
of,  470,  477,  490-492;  protected  b 


automatic  signals,  477;  tax  records 


by 
of, 


581;  rate  of  increase  in,  592-594,  612; 
estimated  future  growth  in,  594;  in 
Chicago  terminals  compared  with  exist- 
ing electrified  trackage,  698 ;  involved  in 
plan  of  electrification,  748,  749,  890;  to 
be  electrified  by  railroads,  764-810; 
involved  by  Committee's  plan,  980,  981. 

Tracks,  classification  of,  453,  454,  581, 
857;  mileage  of  all  classes  of,  4561-470; 
elevation  of,  470,  477,  490-492;  mileage 
of,  581-592;  density  of,  581,  592;  in- 
crease in,  592-594,  612;  costs  appor- 
tioned according  to  ownership  of,  839. 

Tracks,  depressed,  summary  of,  466-469; 
minimum  clearances  effected  by,  905; 
costs  of,  905-907. 

Tracks,  elevated,  466-470,  477,  490-492. 

Tracks,  freight  terminal,  453,  456-460. 

Tracks,  freight  switching,  453,  456-460. 

Tracks,  industrial,  miles  of,  within  Area 
of  Investigation,  100,  101,  456-460; 
classes  of,  453;  not  included  in  track 
to  be  electrified,  763;  see  also  Sidings. 

Tracks,  joint,  994,  1010. 

Tracks,  passenger  car  yard,  453,  456-460. 

Tracks,  passenger  terminal,  453,  456-460. 

Tracks,  roundhouse,  454,  456-460. 

Tracks,  shop,  454,  456-460. 

Tracks,  surface,  466-470. 

Tracks,  team,  453,  456-460 

Tracy,  A.  H.,  member  of  staff,  vii. 

Traffic  expenses,  1001. 

Traffic  in  Chicago  terminals,  as  a  basis 
for  amount  of  energy  required,  812; 
in  ton-miles  for  average  day  as  basis  for 
energy  determinations,  812;  methods  of 
determining  extent  of,  812;  diagrams 
showing  extent  of,  813-816;  non-inter- 
ference with,  839;  density  of,  890-898; 
affected  by  electrification,  981;  average 
density  of,  1115. 

Trailer  cars,  995;  see  also  Motor  cars, 
multiple-unit. 

Train  resistance,  method  of  determining, 
818,  819;  diagram  of,  819. 

Train  supplies  and  expenses,  1008. 

Trainmen,  road,  1008. 

Trans-Atlantic  Passenger  Conference, 
1055,  1078,  1081. 

Transfer  facilities,  under  electrification, 
763,  764- 

Transfer  yards,  for  interchange  of  motive 
power,  756;  plan  of  standard,  932,  934, 
935.  opp  936;  locations  selected  for 
proposed,  933;  views  of,  940,  941; 
changes  required  in,  941,  944;  cost  of, 
for  C.  &  N.  W.  Ry.,  974,  975;  operating 
expenses  incident  to  the  proposed  new, 
1012-1017. 

Transmission  lines,  overhead,  combined 
with  underground  transmission  lines, 
708;  expenses  of  maintenance  and 
inspection  of,  989-992. 

Transmission  lines,  underground,  com- 
bined with  overhead  transmission  lines, 
708;  expenses  of  maintenance  and  in- 
spection of,  989-992. 

Transmission  systems,  overhead,  con- 
ductors for,  707;  with  overhead  trans- 
mission lines,  708;  with  underground 
transmission  lines,  708;  in  relation  to 
electric  traction  systems,  708;  views  of, 
709-711;  to  be  used  in  Chicago  termi- 
nals, 751;  specifications  used  as  basis 


for  estimates  of  cost  of,  844;  character 
of,  844,  845;  locations  of,  846,  847, 
851,  852;  supporting  structures  for,  845, 
848;  costs  of,  844,  848,  849;  unit  costs 
of,  848;  spare  parts  for,  903;  map  of, 
for  three  systems  for  C.  &  N.  W.  Ry., 
958-960;  estimated  costs  of,  for  C.  & 
N.  W.  Ry.,  957.  96' • 

Transportation  activity,  Chicago  as  cen- 
ter of,  u. 
"Trelease,  Dr.,  76. 

Trestles,   986. 

Trial  running,  costs  of,  839. 

Trolleys,  736. 

Trucks,  types  of,  739. 

Trunk  lines,  in  Chicago,  in  1860,  13;  in 
Chicago  District,  97,  452. 

Tugs,  coal  consumed  by,  within  Area  of 
Investigation,  107,  no,  112-125;  densi- 
ty of  smoke  from,  132;  relative  amount 
of  visible  smoke  emitted  by,  135. 

Tunnels,  986. 

Turin-Pinerolo  Railway,  electric  operation 
of,  686,  687,  699,  1032. 

Turn-tables,  number  of  locomotive,  within 
the  Area  of  Investigation,  101. 

Twelfth  Street  Yard  (I.  C.  R.  R.),  529,  532. 

"20th  Century  Limited"  (L.  S.  &  M.  S. 

Ry.),  536. 

U 

Under  crossing  bridges,   see  Bridges. 

Union  Pacific  Railroad,  gasoline  cars 
used  on,  617. 

Union  Station,  497,  504,  505. 

Union  Street  Yard  (C.  M.  &  St.  P.  Ry.), 
Si'. 

Unit  costs,  for  transmission  system,  848; 
for  overhead  contact  systems,  869,  870, 
874.  875;  of  bridge  warnings,  877;  of 
track  bonding,  879;  of  telephone  sys- 
tem, 885;  of  electric  equipment,  901; 
of  changes  in  signal  systems,  913. 

United  Railway  of  Havana,  storage  bat- 
tery cars  used  on,  626. 

United  States  Bureau  of  Census,  state- 
ments of  increase  in  population,  598, 
600,  1055-1079. 

United  States  Geological  Survey  Statistics 
relating  to  Eastern  Interior  Coal  Basin, 
16,  18. 


V 

Valtellina  Railway,  electrification  of,  686, 

689,  690,  699,  1032. 
Van  Buren  Street  Station  (I.  C.  R.  R.), 

506. 

Vegetation,  effects  of  smoke  upon,  76,  77. 
Vehicle  licenses,   number  issued  in  Chi- 
cago, '99- 
Victorian  Railway  (Melbourne  suburban 

system),    proposed    electrification    of, 

696,  697. 
Vienna-Pressburg      Railway,      electrified 

lines  of,  692,  699. 
"Visible  density"  of  smoke,  32. 
Visible  smoke,  ses  Smoke. 
Visibility    of    smoke    as    a    standard    of 

measure,  140,   175. 


Volcanic  dust,  334. 

Volitant  capacity  of  dust  and  soot,  36, 

156- 
Von  Podor,  Dr.  J.,  67. 

W 

Wabash  Railroad,  history  of,  14;  passen- 
ger terminal  of,  503;  outermost  subur- 
ban station  of,  506;  team  yard  of,  515; 
engine  house  of,  525;  passenger  loco- 
motive of,  543;  passengers  carried  by, 
596;  extent  of  trackage  to  be  electrified 
on,  809,  810;  yards  of,  940. 

Walker,  James,  assistant  engineer  of 
Committee,  vii,  26. 

Wallin,  Dr.  J.  E.  Wallace,  78. 

Washington,  bank  clearings  of,  9;  loca- 
tion of  freight  yards  in,  56. 

"Water  route  element"  defined,  107. 

Water  tanks,  see  under  Locomotive  termi- 
nals. 

Water  vapor,  in  the  atmosphere,  34,  326. 

Watson,  W.,   76. 

Weather  Bureau  of  the  United  States,  223. 

West  Jersey  &  Seashore  Railroad,  elec- 
trified lines  of,  637,  639,  642,  699,  986, 
1031;  expense  of  maintenance  of  trans- 
mission line  on,  990,  991;  repairs  to 
motor  cars  on,  997;  reliability  of  electric 
operation  on,  1024. 

Western  Union  Telegraph  Company,  907. 

Westinghouse  Electric  &  Manufacturing 
Company,  8 1 8. 

Wheeler,  Harry  A.,  member  of  Committee, 

v,  26. 

White,  William  Charles,  70-72. 
Whitenton,  W.  M.,  member  of  staff,  vii. 
Wiesenthal    Railway,    electrification    of, 

672-674,  699. 

Wildwood  Yard  (I.  C.  R.  R.),  451,  512. 

Wind  velocities,  211;  manner  of  recording, 
216;  in  New  York  and  Chicago,  216, 
2 1 7 ;  in  cities,  2 1 7 ;  in  Chicago,  225,  1115. 

Wire  lines,  general  consideration  of  neces- 
sary changes  in,  907;  arrangement  of 
crossings  of,  907,  908;  arrangement  of 
parallel,  908,  909;  estimated  costs  of 


INDEX 

changes  in,  909,  910;  estimated  costs 

of,  for  C.  &  N.  W.  Ry..  973.  974. 
Wires,  crow,  classification  "f.  '*>7 
Wires  for  light  and  power,  arrangement  of 

crossings  of,  907,  908;  costs  of  change* 

m,  909,  910. 

Wires,  parallel,  arrangement  of  crossings 
of,  908,  909;  costs  of  changes  in,  909, 
910. 

Wires,  s|nviiil,  arrangement  of  crossings 
of,  908;  costs  of  changes  in,  909,  910. 

Wires,  telegraph,  arrangcrm-nt  of  crossings 
of,  907,  908;  costs  of  changes  in,  009, 
910. 

Wires,  telephone,  arrangement  of  cross- 
ings of,  907,  908;  costs  of  changes  in, 
909,  910. 

"Wolverine"  (M.  C.  R.  R.),  537. 

Wood  Street  Station  (C.  &  N.  W.  Ry  ), 
508. 

Wrecks,  clearing,  1008. 


Xenon,  in  atmospheric  air,  34. 


Yard  masters,  1002. 

Yard  service,  coal  consumed  in,  105,  175; 
smoke  emitted  in,  130,  135,  136,  155- 
161,  176-178,  opp.  178;  tests  on  loco- 
motives in,  141,  143;  rate  of  combustion 
for  locomotive  service  in,  165;  volume 
of  gases  per  ton  of  fuel  consumed  in, 
166-171;  defined,  533;  record  of  loco- 
motive-hours of  service  and  coal  con- 
sumed in,  564;  locomotive-mileage  for 
average  day  in,  570;  ton-miles  for  the 
average  day  in,  571 ;  tons  of  coal  burned 
during  the  average  day  in,  573;  loco- 
motive-hours of  service  for  the  average 
day  io.  575:  summary  of  train  move- 
ments and  coal  consumed  in,  578;  sum- 
mary of  results  relating  to  operation 
and  traffic  in,  579;  scope  of,  749;  traffic 
chart  for,  813;  ton-miles  to  be  handled 
electrically  in,  816,  818;  electric  loco- 
motive-mileage for  the  average  day  in, 


"77 

•.  117:  mergy  charts  far.  1119.  Hit. 
,  efectric  kmnotto  far.  HiTmOm 

• 

ofssTYk.    performed    fa.    *«. 
locomotives  to  to  rdwt* 
930- 

tracks.  JM 
,  joint,  1005. 
Yards,  location  of,  99-101,  106,  *p. 
maintrnance  of.  994;  suppli**  for  and 
expenses  of.  loot,  tn  alto  Cns*h  yards. 
Track  yard*.  Yard  nerrice. 
Yards,  miscellaneous,  512;  vwwi  of.  571. 

tn- 

York,  England,  tmokr  washer  ussd  in.  56 


Zone  A,  Area  of  Investigation,  defined  and 
located.  10.  08-100;  population  r,f 
127;  coal  consumption  in,  105,  io» 
opp.  no,  137,  opp.  178,  opp.  ito.  opp. 
184,  opp.  186,  opp.  190;  smoke  to.  130. 
«32.  i34-<3°.  opp.  136.  156,  157.  i<5a. 
168,  170,  opp.  170,  opp.  I7«,  opp.  1*4. 
opp.   186,  opp.   190;  atmospheric  tests 
in,  338;  trackage  in.  453;  steam  mileage 
in.  456.  437.  461.  463.  4«,  4*7-  3*1- 
5«3.  590-592:  n"lroad  bridges  m.  470. 
485,  486;  signal  systems  in,  494;  fences, 
cattle-guards  and  signs  in,  495.  407- 
499;  distribution  of  trackage  in. 
increase  in  density  of  trackage  in,  593. 

m 

Zone  B,  Area  of  Investigation,  denned  an. I 
located,  to,  98-101 ;  population  of.  n. 
137;  coal  consumption  in.  105.  108, 
opp.  no,  137;  smoke  in.  130.  133.  134. 
136,  156.  157,  169,  170.  opp.  170;  mile- 
age of  track  in,  456;  steam  railroad 
mileage  in,  456,  458-461.  463  466.  46*- 
470.  584-592:  railroad  bridges  in.  485. 
486;  fences,  cattle-guards  and  signs  in. 
495.  497.  500:  distribution  of  trackage 
in,  581;  increase  of  mileage  in,  581; 
increase  in  density  of  trackage  in.  593; 
rate  of  increase  of  track  mileage  in.  594. 

Zone  C  defined,  10. 

Zone  districts,  defined,  1 10;  map  of.  ill; 
statistics  of,  1 13-137;  map  showing  rela- 
tive density  of  fuel  consumption  in.  136. 
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